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Much of contemporary biology depends on the idea of interaction – between parts and wholes, between organisms and environment, between individuals in populations, between species in communities, between proteins and DNA, between sensors and stimuli, between genes and environments, between, between, between.  What is this oft-invoked “between”?  The idea of interaction may itself be invoked so often in biology that interaction itself is largely taken for granted, or under-theorized. An interaction occurs between two or many independent objects.  But what exactly fuels our intuitions that objects are themselves primordially, fundamentally independent, and require the preposition “between” to connect them?  Why, in a science that has beautifully documented a vibrant, developing, causally complex world, do we continue to interpret our own biological observations as evidence that we inhabit a world composed of a great many independent entities coexisting in interaction?  What if, instead, these data are suggesting that our world is not composed of independent entities at all?
In my recent book, Interdependence: Biology and Beyond, I suggest ten features of a coherent theory of interdependence – that is, a theory of causation that takes seriously the view that all things exist only in dependence on other things.  I then address sixteen objections to this theory, and discuss several implications along the way for various topics in biology: the relation of objects and subjects; of lower-level and higher-level phenomena; of agency and determinism; of stasis, change, and causal relations; and of the relation of physical and psychological phenomena.  I conclude with six major consequences of the theory.  By “major consequence”, I mean the ways in which abandoning deep commitments to viewing our world as fundamentally independent objects may offer new and helpful ways of viewing and inhabiting the living world.
In this talk, I will focus on introducing these ten features of a theory of interdependence briefly, and will talk about just one of the major consequences of such a theory.  I will not go into any of the objections for now, though you are welcome to interrupt me at any time to raise them yourselves!  Though this is the slide I put up as the title of my talk, this is the title that appeared in the programme.  And the title in the program is correct, as awful as it is grammatically and as dissonant as it sounds.  I would like to focus today on the why, on some of what might be at stake and on offer from careful theorization of interaction and interdependence. Or, to say very much the same thing, I would like to focus on what might be on offer by abandoning perhaps some of our most persistent and cherished essentialisms.
[bookmark: _GoBack]A theory of interdependence is, first of all, a theory of existence itself.  As philosopher Jay Garfield writes, “When we ask of a phenomenon, Does it exist?, we must always pay careful attention to the sense of the word “exist” that is at work. We might mean exist inherently, that is, in virtue of being a substance independent of its attributes, in virtue of having an essence, and so forth, or we might mean exist conventionally, that is to exist dependently, to be the conventional referent of a term, but not to have any independent existence.”  The first task, then, is to define existence carefully.  
1. As Garfield said, inherent existence means existing by virtue of having some essence.  An essence is something that makes a thing what it is, independent of anything else. What is essential is therefore what is fundamental. Some commonly posited essential (fundamental) categories include objects, matter, fundamental particles, energy, space-time, physical laws, moral laws, logical statements, God, selves, subjects, soul, mind, and consciousness. Essential categories are independent, unitary, and continuous. They exist without any dependence on anything other than themselves for existence. This includes their lack of dependence on perceptions or thoughts, which is why essentialism must entail a metaphysical (i.e., nonempirical) claim. That is, whatever the essence of a thing is, it cannot be confirmed by perceptions, precisely because it has to be independent of perceptions. It is what it is, no matter what you, I, or anyone else sense, think, or say about it. 
2. Contingent (interdependent) existence means existing dependent on other contingently  existing things.  (I will use contingent and interdependent interchangeably throughout.)
3. Things exist contingently—dependent on other things, including, for example, observers that relate to them as things.  
To be clear, this is not to say that books, flowers, dogs, and oceans somehow disappear into oblivion and reappear from nowhere, depending on whether or not someone is observing them. To speak of their existence as contingent simply calls attention to the kinds of processes that have to be performed in order for books and flowers to be perceived as objects, processes that happen so consistently and habitually that they are usually glossed over in the course of ordinary daily life. In order for objects to appear as objects, they have to be aggregated as single things, distinguished from background space, posited to be continuous in time, and radically separated from the perceiving subject. This is a lot of cognitive work that is often taken for granted. The idea that objects depend on the presence of observers is neither solipsism nor nihilism. There is a very precise sense in which objects depend on the presence of observers, which is quite simply that only observers can perform the various actions necessary for experiencing phenomena as objects.
4. Critically, however, observers themselves exist contingently (dependent  themselves on bodily organization, objects, and lives) and do not exist  inherently.  
5. If everything exists contingently, nothing exists inherently.  
6. Thus, the thoroughgoing interdependence of things and their lack of inherent existence are simply two sides of the same coin.  
7. Sameness and differences exist contingently and not inherently. Thus, things are not inherently the same as each other (monism), nor are they inherently different from each other (dualism).
8. To say that “all things have no essence” is not to say that “all things have  some essential sameness—that is, their nonessence.” There is no need to  posit some essential, self-presented “void” behind contingent existence (i.e. to take a nihilist position).
9. Contingent existence is not a “lesser” kind of existence—“merely” contingent as opposed to “truly” substantial. Contingent existence is existence. 
		There are many potential objections to such a theory of interdependence, or to put it another way, there are many ways to be strongly committed to one essentialism or another.  Here are sixteen that I’ve counted.  Because I cannot possibly address all of them in my allotted time, it will be up to you to bring up your favorite objection later on!  These are all also considered and addressed in the book.  For now, I find it much more interesting to focus on the positive program – again, the why question.  One might say “okay, essentialisms are not in vogue, but what really is to be gained by abandoning them?” 

		To that, I would say, that contingentism, or a consistent and thoroughgoing commitment to interdependence, offers a worldview with six major features, that I think, at least, are positive.  Contingentism describes our world as:
1. aloft (without fundament, not rooted in a metaphysical substance beyond perception [whether mind or matter])
2. alive (certainly not panpsychic; but neither a place made of matter that is essentially dead) 
3. ordered (explicable, regular, not fundamentally mystical in the sense of being indeterminate or unavailable to scientific inquiry)  
4. new (not one thing changing, not many things arising, but new in each moment)
5. vast (not solipsistic, not confined to a small, narrow self or concept, and yet simultaneously…)
6. accessible, intimate (not characterized by some essential gap between perceivers and reality) 

		Current physicalist essentialist biology offers the view of an ordered and a vast world, but does not offer these other aspects, as far as I can tell.
		For the rest of my talk, I will focus on one of these six consequences – how contingentism describes our world as genuinely new in each moment.  I will do so through an examination of the biological phenomenon called cellular signal transduction.  In contemporary cell biology and microbiology, signal transduction describes an ordered set of biochemical reactions, where a ligand binds a receptor protein, which in turn modifies an intracellular protein, which in turn modifies another macromolecule, and so on.  So the important components of signal transduction are a ligand or stimulus, a receptor, and a response. As I was conducting empirical research on signal transduction in microorganisms, I came across a wonderful article by historian of medicine Andreas-Holger Maehle and colleagues entitled “The emergence of the drug receptor theory”. This historical perspective inspired me to use late 19th Century and early 20th Century views of the cell to usefully help reconceive sensing beyond today’s ascendant view of sensing as essentially independent objects interacting. 
	At the turn of the 20th Century, pharmacology was emerging as a scientific discipline. Though drugs had been used in various medical practices for millennia, mechanistic accounts about the specific reactions of drugs in the body became more highly valued. At the time, the ascendant scientific view was that drugs acted in the body by stimulating nerve cells through their nerve endings. Physiologist John Newport Langley’s research undermined this view by demonstrating that nerve cells without nerve endings could still be stimulated. In 1905, he originated the concept of a “receptive substance” in cells that reacts with external chemicals. Meanwhile, Paul Ehrlich, considered “the father of immunology,” studied the selective uptake of dye by different cells, and hypothesized that “side chain molecules” on cells react differentially with dyes (Figure 3.3). He replaced the term “side chain” with the term “receptor” in 1900. Like a number of biologists of their time, both Langley and Ehrlich conceived of the cell as being a very large, complex molecule called “the protoplasmic molecule,” a term coined by physiologist Eduard Pfluger in the 1870s, and later called biogen by Max Verworn. The protoplasmic molecule had a core structure that remained stable, and a number of side chains that reacted with various chemicals. Thus, the stability of cells was explained by the backbone, and their dynamism or reactivity was explained by the side chains. “Animal oxidation,” as it was called, was explained by the reactivity of side chains with oxygen, thus explaining why animal tissues consume oxygen. Ehrlich’s expansion of the types and functions of side chains—some reacting with oxygen, others with alkaloid dyes, and yet others with drugs and toxins—was thus continuous with other types of cellular reactions within this paradigm. 
To summarize, Ehrlich, Langley, and many contemporaries describe the cell as a complex chemical (“protoplasmic molecule”) that has a stable core structure and reactive side chains. Cell-environment interactions are described as reactions of these side chains with nonliving chemicals. There is no mention of “sensing” per se, just “reactivity” and “reactive substance.” Metabolism and pharmacological reactions are the same in principle. There is no strong divide between chemical and biological reactions. As Hammarsten and Mandel wrote in 1904, “The living protoplasmic molecule differs from the ordinary non living proteid (‘complex chemicals found outside the organism or in the animal fluids’) by being more unstable and therefore having a greater inclination toward intramolecular changes of the atoms.” Thus, interestingly, the main difference between biological and chemical substances is primarily the former’s “instability.” Ehrlich’s illustration (Figure 3.3) suggests the protoplasmic molecule as a single structure with many branches or protrusions. 
These early cell physiologists and pharmacologists seemed to have little need to parse chemical reactions from biological responses and to explain how one gives rise to the other. For one thing, the cell had not been closely dissected into the hundreds of biochemical reactions that had been found through the dissection, so the cell wasn’t exactly considered a composite, aggregate, or interacting network of reactions. The cell as the cell, the whole entity, was itself, in a sense, considered reactive. This suggests that the cell is not exactly reacting to an environment, but is reacting with an environment, as oxygen reacts with iron and where both are transformed. 
this is not simply the co-constructionist view that organisms and environments co-construct one another sequentially, as when an organism digests food from the environment and excretes wastes into the environment, which in turn change the organism’s metabolism, and so forth. Such a view still separates organism from environment and makes one the causal agent, and then the other, and so forth, so that agency shuttles between the two. The “reactivity” view suggests that organism and environment are transformed simultaneously, and at each moment. 
So to revisit and revise the contemporary view of signal transduction, the signal receptor is not intrinsically the same receptor over time that changes form (or conformation). The organism is not intrinsically the same organism over time that is at one moment static and is at another moment undergoing a change in state (or a response). The signal is not intrinsically one object or energetic transference that is intrinsically unchanged itself though it induces changes in the receptor and in the organism. The view of cellular, or indeed, organismal reactivity as mutual transformation can help us formulate a view that does not rely on either “transfers of energy or information” or “changes in objects”: 

The organism, the sensing apparatus (like a receptor), and the external object that is sensed (signal, object, environment, or world) react with one another in every moment such that all are transformed or changed. 

Such a view is not forced to rely on assumptions of the intrinsic existence of energy, sameness and difference over time, lower and higher levels, agency and determinism, or physical and psychological phenomena. However, some obvious problems remain. First, the organism, the transducer, and the external object are not intrinsically substances. Second, they are not two intrinsically different things that are separate, and then meet, and then react. Third, neither are they intrinsically transformed, since this entails the very essentialism we were trying to dissolve: that an object can change form, or be transformed, and still be the same object. We may therefore try the following formulation instead: 

The organism, sensing apparatus, and external object do not interact with or react with one another (that is, they do not cause changes to each other by virtue of some intrinsically existent causal power). Neither do they remain the same objects that change (or are transformed) over time. Rather, they arise new in each instant. 

In the moment of seeing an apple, you have not just discovered or met the apple that has been there outside of you. Rather, in that moment, the apple arises as form, properties, continuity, vividness, and the like, for none of these exist intrinsically but arise contingent upon your activities. At the same moment, you are new, being not intrinsically the same thing before and after the seeing. The apple is assimilated into your body, not via digestion, but via sensing. Your physiology is changed upon seeing the apple. However, this change does not involve the transfer of any substance—neither energy nor information nor anything else, no matter how subtle. Though we might usually say, “The organism senses the apple” or “The apple caused a response in the body,” we could also say, “When the apple is seen, the body is changed.” And, yet another alternative: “When— depending on a human body—form, properties, continuity and vividness, arise as an apple, the body is changed.” Furthermore, if we do not take the body to have some essence that somehow stays the same over time despite myriad changes in its form, instead of saying “The body is changed” we could equally say, “The body is new.” 

What do the standard, essentialist views of sensing depend on? They depend on a separa- tion between supposedly intrinsically existent subjects and supposedly intrin- sically existent objects. They depend on strong delineations between what can become the organism (“assimilation”) and what must remain separate from an organism (which “senses” an “external” world); hence, they depend on a di- vorce between the processes of metabolism and sensing. They depend on a notion of energy as a kind of substance, allowing the transfer of what is outside an organism to what is inside an organism, but while maintaining that the outside of the organism remains unchanged, and the organism remains the same organism. These views of sensing have also depended on and perpetuated the notion that lower and higher levels, agency and determinism, and physical and psychological phenomena are intrinsically existent, and are separate and interacting categories.  In light of a theory that takes interdependence seriously, phenomena are not described as intrinsically existent, nor as interacting, nor as reactive, nor as changed or transformed over time. An alternative formulation that may come into view in the absence of the aforementioned concepts is that phenomena arise anew in each instant. Moreover, this “arising anew” occurs dependently—that is, phenomena bring each other newly into being in each moment. 
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