Title: Broken Mechanisms: Function, Pathology, and Natural Selection

Abstract: The following describes one distinct sense of ‘mechanism’ which is prevalent in biology and biomedicine and which has important epistemic benefits. According to this sense, mechanisms are defined by the functions they facilitate. This construal has two important implications. Firstly, mechanisms that facilitate functions are capable of breaking. Secondly, on this construal, there are rigid constraints on the sorts of phenomena ‘for which’ there can be a mechanism. In this sense, there are no ‘mechanisms for’ pathology, and natural selection is not a ‘mechanism of’ evolution, because it does not serve a function. 



Section 1. Introduction. The following presents a distinct sense of ‘mechanism’ that is prevalent in biology and biomedicine and which has important epistemic benefits. I will use the term ‘functional mechanism’ to describe this sense. According to this sense, a mechanism is defined by the function that it serves (in addition, perhaps, to other characteristic features such as spatial, temporal, organizational, and hierarchical constraints). More formally, for all X and for all Y, where X is a biological system and Y is a biological phenomenon, X is a mechanism for Y only if X has the function of facilitating Y. Strictly, this is not a definition of ‘mechanism’ but a necessary condition on the sense of ‘mechanism’ I wish to identify. This is a sense that has been obscured or overlooked in much of the new mechanism literature, though some biologists, psychologists, and philosophers have recognized it explicitly (Williams 1996, 9; Tooby and Cosmides 2006, 185; Buss 2005, 69; Moghaddam-Taaheri 2011; Moss 2012).  

There are two important implications of this characterization of mechanism. These implications can also be used as indicators of its presence in biological contexts. First, mechanisms that serve functions can break. To say that a mechanism for Y is ‘broken’ means that Y is its function and it fails to perform Y. Moreover, it is difficult to understand what else it might mean for a mechanism for Y to be ‘broken,’ rather than for it to cease to be a mechanism for Y. Biologists and biomedical researchers have a comprehensive lexicon to describe ways that mechanisms can break. A mechanism can ‘breakdown;’ it can be ‘usurped’ or ‘coopted’ by another mechanism or biological process; it can be ‘interfered with’ or ‘disabled;’ it can ‘fail to function.’  Philosophers of the new mechanism tradition have recognized the fact that mechanisms can break, and have described its significance for understanding causation, identifying the components of mechanisms, and treating disease (e.g., Bechtel and Richardson 1993, 19; Craver 2001, 72; Glennan 2005, 448; Darden 2006, 259). Consequently, it is imperative to understand the commitments this involves.  

Second, functional mechanisms impose constraints on the sorts of biological phenomena ‘for which’ there can be a mechanism. For example, in this sense of the term, there are no ‘mechanisms for’ pathology, because a pathology in a biological system is not a function of any part of that biological system.[footnoteRef:1] Rather, pathologies are explicable as causal consequences of the breakdown of a mechanism for a function. Secondly, in this sense, natural selection is not a ‘mechanism’ of evolution because it does not serve a function, on any well-developed theory of function that is consistent with biological usage. This statement will be defended in Section 4.  [1:  It may be the case that there is a mechanism in some other system that performs its function by inducing a breakdown in a mechanism in the first system, which in turn causes a pathology. (I thank Joyce Havstad for this observation.)] 


The following adopts a modest pluralism with regard to ‘mechanism.’ There are cases in which biologists and biomedical researchers use the term ‘mechanism’ without functional implications. In some cases, mechanism is used synonymously with ‘physical explanation’ (Moss 2012); in this sense of the term, it is almost trivial to say that natural selection is a ‘mechanism of’ evolution, just as it is a ‘mechanism of’ extinction. My concern, however, is that the functional sense of mechanism has been obscured by much of the new mechanism literature. Glennan, for example, has insisted that ‘mechanism’ has no normative or teleological connotations (Glennan 1996, 52-3; 2002, 128; 2005, 445). Craver accepts that mechanisms serve functions but accepts an extremely liberal conception of function according to which the function of a system is relative to the interests of the research community that investigates it (see, also, MDC 2000, 6; Craver 2001; forthcoming; Glennan 2002, 127 [fn. 6]; Glennan 2005, 456).[footnoteRef:2] Both of these commitments are inconsistent with the strain of biological and biomedical usage I wish to identify. More importantly, these commitments tend to misinterpret such usage where it occurs, and by doing so, they relinquish the epistemic benefits associated with this usage.  [2:  Also see Bechtel and Richardson 1993, 17, where the ‘function’ of a part is characterized in terms of its causal role – that is, its contribution, in tandem with the other parts, to the ‘behavior’ of the system as a whole. Glennan (2005; 448) uses the term ‘causal role’ to characterize the ‘function’ of a part. ] 


The following also adopts a modest pluralism with respect to ‘function.’ My intention is not to identify a uniquely correct sense of ‘function.’ Rather, there are several concepts of function that are consistent with this sense of ‘mechanism,’ such as those that appeal to selection, design (as in the case of artefacts), or contributions to the survival, reproduction, or inclusive fitness of individuals.[footnoteRef:3] However, it is important to note that this sense of mechanism is not consistent with the causal role theory of function or its more recent variants, according to which the function of a system’s part consists merely in its contribution, in tandem with the other parts of the system, to some phenomenon of interest to a research community. This is because the causal role theory licenses ascriptions of function, and hence, ascriptions of mechanism, that are inconsistent with much of the biological and biomedical literature, as will be shown in Sections 2 and 3.  [3:  See Garson 2011; 2012, which defend a generalized account of the selected effects theory. ] 


The view that mechanisms serve functions is not novel; G. C. Williams (1966) forcefully propounded it in his famous Adaptation and Natural Selection. He proposed that ‘mechanism’ be defined in terms of function; in addition, he held that ‘functions’ are selected effects (ibid., 9). He maintained that ‘mechanism’ should not be used to describe incidental effects of a trait or physically inevitable consequences of a trait’s performing its function (ibid., 11-12). The reason for his insistence is that he regarded the term ‘mechanism’ as synonymous with ‘means,’ but the latter concept is inapplicable in the absence of a corresponding function, goal, or purpose. Some evolutionary psychologists have accepted Williams’ strictures on the term ‘mechanism’ (e.g., Tooby and Cosmides 2006, 185; Buss 2005, 69), and similar views have recently been proposed by Moghaddam-Taaheri (2011) and Moss (2012).[footnoteRef:4] As will be elaborated in Section 2, Williams’ usage is consistent with much contemporary biological usage as well. As a consequence, the working assumption that mechanisms serve functions is a useful heuristic for philosophers, sociologists and historians to employ in the interpretation of biological texts.  [4:  The difference between Moss’ view and my own is that, according to Moss, mechanisms need not serve functions. They need only ‘refer to’ the functions (or goals) of a biological system (pers. comm.) For example, in my view, there are no mechanisms for pathology because pathologies on the part of a system are not a function of that biological system. On Moss’ view, there are mechanisms for pathology because to describe something as a ‘mechanism for pathology’ is to make reference to the goals of a biological system (since, by definition, pathologies tend to undermine the ability of such systems to realize their goals). ] 


Section 2 describes the prevalence of this sense of ‘mechanism’ in biology and biomedicine and its epistemic benefits. Sections 3 and 4 respond to two kinds of counterexamples that purport to show that this view is largely at odds with biological usage. 

Section 2. Functional Mechanisms. This section does three things. First, it shows how the notion of a functional mechanism provides a parsimonious explanation for how mechanisms can break. Second, it shows the prevalence of this sense of mechanism in biological and biomedical usage. Finally, it describes an important epistemic benefit of this usage, namely, that it maximizes the inferential coherence of biology and biomedicine.  

Conceptual Parsimony

The fact that (some) mechanisms can break implies that (some) mechanisms are normative. To say that a mechanism is ‘normative’ simply means that, where Y represents some biological phenomenon of interest to researchers, it is possible for something to be a mechanism for Y, despite the fact that it cannot perform Y. One way to explain the normativity of mechanism is by reference to the normativity of function. That is, to say that a mechanism for Y is ‘broken’ implies that has the function of facilitating Y but cannot do so. 

Moreover, this is a particularly good explanation for the normativity of mechanism because it exhibits conceptual parsimony. Although the proper explication of ‘function’ is controversial, there is no great mystery about how functions can be normative (see Garson 2008 for an overview). For example, according to the selected effects theory, to say that biological trait X has the function Y is to imply that X was selected for Y by a natural process of selection. To say that X is dysfunctional with respect to Y implies, amongst other things, that it cannot do Y. For another example, according to one version of the ‘goal-contribution’ account, the function of a trait is defined, roughly, as its statistically typical contribution to the survival or reproductive capacity of each member of the reference class that possesses that trait. To say that a trait cannot perform its function implies that it cannot make this contribution. 

As a consequence, philosophers have availed themselves of the concept of function in explaining the normativity of other biological categories, such as biological ‘information’ and biological trait classification. For example, for some philosophers, to say that a signal can carry ‘misinformation’ implies that it fails to fulfill its proper function of indicating the source (e.g., Dretske 1986). For another example, to say that biological trait classification is ‘abnormality-inclusive’ is to say that what makes a token of a trait a member of a certain type is the fact that it possesses the function that defines the type, even if it is unable to perform that function (e.g., Neander 1991; Rosenberg and Neander 2009). This observation is not necessarily an endorsement of these approaches to information and trait classification. The fact that appeals to the concept of function are plausible and defensible in other biological contexts suggests, however, that it is a parsimonious strategy for explaining the normativity of mechanism. Below, I will explain how this strategy is also quite useful in biomedicine. 

This is not to say that biologists do not sometimes use the term ‘mechanism’ in some other sense, one without normative connotations. However, to the extent that it makes sense to talk about a ‘broken’ mechanism, it is likely that the functional sense of ‘mechanism’ is presupposed.  

Consistency with Biological Usage

Biologists routinely explain pathologies by reference to the ‘breakdown,’ ‘cooption,’ ‘usurpation,’ or ‘interference with,’ a biological mechanism. A short list of examples can be used to illustrate the point: 

· “…drugs of abuse can hijack synaptic plasticity mechanisms in key brain circuits.” (Kauer and Malenka 2007, 844; emphasis mine)

· “…drugs of abuse can co-opt synaptic plasticity mechanisms in brain circuits involved in reinforcement and reward processing.” (ibid.; emphasis mine)

· “Only by understanding these core synaptic mechanisms can we hope to understand how drugs of abuse usurp or modify them.” (ibid., 845; emphasis mine)

· “It is argued here that potentially irreversible impairments of synaptic memory mechanisms in these brain regions are likely to precede neurodegenerative changes that are characteristic of clinical [Alzheimer’s disease].” (Rowan et al. 2003, 821; emphasis mine)

· “However, it is possible that a disruption of synaptic plasticity-related mechanisms by soluble AB also contributes to clinical symptoms.” (Ibid., 826; emphasis mine)

The fact that biologists often explain diseases in terms of broken mechanisms suggests that, for these cases, mechanisms are defined by the functions they serve. It does not imply that biologists always define mechanism in terms of function. But the fact that they sometimes do so demands an explanation. The explanation offered here is that they are utilizing the functional sense of mechanism. 

Craver (2001; forthcoming) develops a view of the relationship between mechanism and function according to which mechanisms serve functions (also see Piccinini and Craver 2011 and MDC 2000, 6). His attempt to give an explicit and lucid account of the relation between mechanism and function is admirable. However, his particular construal of the concept of function is overly liberal. I believe that Craver’s overly liberal concept of function has the tendency to distort biological usage in important ways, and in so doing, to forgo the epistemic benefits of this more restrictive use. Craver accepts a version of the causal role theory associated with Cummins (1975). For Craver, all that is required for an activity of a system (considered in toto) to constitute its function is for there to be a research community which takes that activity as the focus of its explanatory interest. Once the research community has (conventionally) selected an activity of the system to constitute its function, the function of each part of the system can be identified (non-conventionally) as the contribution that it makes, in tandem with the other parts, to yielding the function of the system as a whole.

However, this ‘perspectival’ view of function is inconsistent with much of biological and biomedical usage. For example, if a research community is interested in the pathophysiology of Alzheimer’s disease, then, according to Craver, it would be appropriate, from the standpoint of that research community, to say that certain neurological processes have the function of producing Alzheimer’s disease, and that the mechanisms that carry out this function are ‘mechanisms for’ Alzheimer’s disease (Craver forthcoming). But Alzheimer’s disease is almost universally recognized as a ‘dysfunction,’ and the causal processes that produce it are often described as the result of a broken ‘mechanism for’ normal cognitive function, as indicated in the quotations above. I do not claim that Craver cannot develop his theory in such a way as to make sense of this discrepancy (see, e.g., Hardcastle 1999 for such an attempt, though I believe that Hardcastle’s attempt also results in function ascriptions that are inconsistent with biological usage). My claim, however, is that there is no correlation between the fact that a research community takes an interest in a phenomenon and the willingness on the part of the members of that community to describe that phenomenon as a ‘function’ of some system and the causal processes that carry out that function a ‘mechanism for’ that phenomenon. 

Epistemic Benefits

Lastly, and most importantly, the notion of a functional mechanism has epistemic benefits. It is a good habit of thought for biologists and biomedical researchers. This is because it maximizes the inferential coherence of biology and biomedicine. In short, there are many more states of an organ or organ system that are consistent with pathology than are consistent with normal functioning. Moreover, these pathological states typically can be explained as the result of broken mechanisms for normal function. This suggests that an efficient research strategy for pathology is to attempt to understand the (relatively) smaller number of mechanisms for normal function and to use that information to both explain the diversity of pathological states (e.g., Moghaddam-Taaheri 2011, 608-610) as well as predict the existence of pathologies that may not have been discovered or the etiology of which is unknown. [footnoteRef:5] [5:  This point is also suggested in Neander (forthcoming), who argues that the practice of pathology is best served by characterizing pathologies as involving deviations from normal function. While she does not specifically discuss mechanism, I believe the same point can be made with regard to mechanism: pathologies are most efficiently described as resulting from breakdowns in functional mechanisms. ] 


For example, Lambert-Eaton syndrome and myasthenia gravis are two pathologies of the neuromuscular junction. The former impairs the motor neuron’s ability to release acetylcholine (ACh) and the latter impairs the muscle fiber’s ability to respond to ACh. A researcher may track the etiology of each disease by describing a separate ‘mechanism’ for each, replete with spatial, temporal, organizational, and hierarchical constraints. Alternately, he or she may track the etiology of each disease by noting that both result, in an explicable way, from breakdowns in the mechanism for ACh transmission in the neuromuscular junction. The latter is more useful because it forces the researcher to integrate information regarding each disease with information about how the mechanism normally functions, in such a way that information about the former enhances information about the latter, and vice versa. This is what I mean by maximizing the inferential coherence of biology and medicine. By the same token, many diseases, such as anencephaly, spina bifida, and cranioachischisis, result from various breakdowns in the mechanism for neurulation. Attempting to identify a separate ‘mechanism’ for each (again, replete with spatial, temporal, organizational, and hierarchical constraints) is less efficient than observing that all of them are explicable consequences of a breakdown in the same mechanism, seeking to identify that mechanism, and identifying the causal pathways by which breakdowns in that mechanism lead to disease. The working assumption that mechanisms are defined by the functions they facilitate helps to standardize that practice. 

I am not claiming that all pathologies can be explained currently in terms of broken mechanisms. This is because the mechanisms may be unknown, or the functions of those mechanisms may be unknown. For example, prion-related diseases were believed to be caused by proteins before it was known what mechanism or mechanisms they disrupt.[footnoteRef:6] (As it turned out, the prion coopts the folding pattern of other proteins, which disrupts the ability of the latter to carry out their functions.) In these cases, it should be acknowledged that the pathology is likely the result of the breakdown of an unknown mechanism, or of the breakdown of a mechanism for an unknown function, rather than that there is a ‘mechanism for’ the disease.  [6:  I thank Lindley Darden for this observation. ] 


I am also not claiming that knowledge of the functional mechanism is a logical or epistemological prerequisite for medical treatment. Rather, when such knowledge is available, understanding pathology in terms of broken mechanisms enhances the inferential coherence of the theoretical infrastructure of biomedicine, which may result in improved treatment for that or related pathologies. Finally, I am not claiming that one cannot use information about pathology to illuminate the mechanism for normal function. Certainly, one can use what is known about the pathology (for example, that cystic fibrosis is associated with mutations in the cftr gene) to assist in discovering the mechanisms for normal function. Once these corresponding mechanisms are known, the foregoing considerations suggest that viewing pathology in terms of broken mechanisms is theoretically and practically advantageous.

Section 3. Apparent Counterexample 1: Mechanisms for Pathology. One main criticism of this view is that there are many counterexamples to this usage. Though biologists sometimes describe disease in terms of a ‘breakdown’ of a mechanism, they often use the expression ‘mechanism for pathology.’ This fact can be confirmed by doing a search for ‘mechanism for’ in any major biological or biomedical journal. This suggests that, as a rule, the use of the term ‘mechanism’ is independent of considerations of function. 

It is true that there are numerous apparent counterexamples to this view, that is, instances in which biologists use the locution, ‘mechanism for pathology.’ However, this expression can often be seen, justifiably, as elliptical for one that has a different signification than that which philosophers of the new mechanism tradition would generally attribute to it. Specifically, when a biologist claims to have discovered a ‘mechanism for pathology,’ that locution can often be interpreted as shorthand for the claim that there is a mechanistic explanation for the pathology. The term ‘mechanistic explanation’ is used here non-conventionally to describe an explanation that cites a mechanism. As argued above, pathologies typically do admit of ‘mechanistic explanation’ in this non-conventional sense, because they can often be explained via a breakdown or cooptation of a mechanism and hence by reference to a mechanism. But in this sense, to say that there is a ‘mechanistic explanation for’ Y does not imply that there is a ‘mechanism for’ Y. All it implies is that there is a mechanism for some function Z, and Y results from the breakdown of this mechanism. 

For example, two recent popular presentations of scientific articles seem to recognize the existence of mechanisms for pathologies.[footnoteRef:7] The first is entitled, “Team Identifies Mechanism of Cancer-Induced Bone Destruction;”[footnoteRef:8] the second, “A Possible Physical Mechanism of Cancer Metastasis.”[footnoteRef:9] However, a careful reading of the articles on which they are based shows that they actually support the view that mechanisms serve functions. For example, in the scientific article on cancer metastasis, the mechanism identified, and described as a ‘mechanism,’ is merely a mechanism for cell elasticity. This property has functional significance but can be coopted in such a way as to facilitate metastasis (Rolli et al. 2010). In the article on bone destruction, the mechanism described, and described as a ‘mechanism,’ is a mechanism for bone resorption, which along with bone formation performs the function of maintaining bone structure (Lynch et al. 2005). It explains bone destruction in terms of the dysregulation of the balance between formation and resorption.  [7:  I thank Stuart Newman for these references. ]  [8:  http://www.mc.vanderbilt.edu/reporter/index.html?ID=3979, accessed October 29, 2011. ]  [9:  http://www.nasw.org/users/mslong/2010/2010_01/Metastasis.htm, accessed October 29, 2011.] 


These articles suggest that when biologists talk of a ‘mechanism for’ pathology, the mechanism in question should often be understood not as a ‘mechanism for’ the pathology but a ‘mechanism for’ a lower-level component within a pathological system, which when considered on its own may have functional significance but which may be coopted to produce pathology. This form of explanation can loosely be called a ‘mechanistic explanation’ because it cites a mechanism. One need not recognize mechanisms for pathology in order to accommodate this usage.

Despite the fact that many apparent counterexamples are not actual counterexamples, actual counterexamples to this view probably exist. However, the existence of actual counterexamples should not be taken to discredit the theory as a whole, so long as these counterexamples are infrequent. This is because the property of facilitating a function is not a necessary condition for characterizing every instance of the term ‘mechanism’ in the biological literature, but only a distinctive and prevalent subset. Along the same lines, some of the founding documents of the new mechanism tradition emphasize that the various definitions of ‘mechanism’ offered are not intended as necessary and sufficient conditions for use, but as characterizations that emerge from philosophical reflection on biological usage (e.g., Darden 2006, 273). The proposal offered here should be taken in a similar spirit. One consequence is that the mere existence of isolated counterexamples need not disqualify this proposal; in the same way, the fact that scientists do not always use the term ‘mechanism’ with the rich spatial, temporal, organizational, and contextual constraints associated with the new mechanism tradition need not disqualify the latter. 

Explications of biological ‘mechanism’ should be judged, not in terms of their consistency with every conceivable instance in which a scientist uses the term, but in terms of the benefits and costs of accepting the proposed usage. The last section presented three benefits associated with the notion of a functional mechanism. The cost is that there may be occasional counterexamples that cannot be accommodated in the prescribed fashion. In order to discard this view, one would at least have to show that the actual (and not merely apparent) counterexamples are numerous enough to render the analysis largely inconsistent with biological usage, to the point where the benefits are outweighed by the fact that it often produces misunderstandings, that it thwarts philosophical attempts to understand the way biologists reason about the world, or that it does not constitute a good methodological strategy for biology. 

Section 4. Apparent Counterexample 2: Natural Selection as a ‘Mechanism’. Scientists often describe natural selection as a ‘mechanism’ of evolution (e.g., Havstad 2011, for examples). This has produced a debate amongst philosophers of biology about whether natural selection is a mechanism in the sense characterized by the new mechanism tradition. Some have argued that it is not a ‘mechanism’ in that sense because it does not exhibit a unique decomposition into parts (e.g., Skipper and Millstein 2005, 336); there is too much variability in the spatial or temporal organization of the parts (Ibid., 338; Havstad 2011); it fails to exhibit the kinds of activities or interactions characteristic of mechanisms (Skipper and Millstein, 2005, 341); or the stages of natural selection are connected by probabilistic and non-deterministic links (Ibid., 343; also see Darden 2006, 278-9 and Barros 2008 for a response).

According to the sense of ‘mechanism’ sketched above, natural selection is not a mechanism of evolution because natural selection does not have a function. This is the case whether one appeals to the selected effects theory of function or the goal-contribution theory. On the selected effects theory, something has a function only if it was selected for by a selection process. Natural selection itself, however, is not selected for. On the goal-contribution theory, the function of a trait consists in its (statistically typical) contribution to the goal of a biological system in which it is contained (that is, of which it is a component). Though natural selection can promote the evolution of such goal-directed biological systems, it is not in any obvious sense a ‘component’ within a biological system. There may be another sense of the term according to which natural selection is a ‘mechanism,’ such as the causal role view, but as noted above, this sense is largely inconsistent with biological usage. The fact that there is a serious disagreement regarding whether or not natural selection is a ‘mechanism’ of evolution suggests that some of the disputants may have something like functional mechanisms in mind. 

While natural selection is not a mechanism, this would not prevent other evolutionary processes from having ‘mechanistic explanations’ in the functional sense. Mutations, for example, often result from breakdowns of mechanisms for replication, proofreading, or mismatch repair. Williams (1966, 125) shows admirable consistency in his use of ‘mechanism’ and ‘function’ when he states that mutation is not a ‘mechanism for’ producing offspring with new combinations of genes, because mutations do not have a function. It is possible that some mutations result from a functional mechanism (rather than a broken mechanism). There are hypothesized mechanisms for upregulating the mutation rate in the face of environmental stress, via, e.g., the upregulation of error-prone DNA polymerase Pol IV (Darden 2006, 248-267).

The notion of a functional mechanism has important implications both for philosophical discussions about mechanism and for biology and biomedicine. First, it highlights a distinct sense of ‘mechanism’ that is prevalent in biology and biomedicine and that has been largely neglected. Second, this sense of ‘mechanism’ maximizes the inferential coherence of biology and biomedicine. Third, it helps to diagnose and resolve various disagreements about the scope of ‘mechanism,’ specifically, whether there are pathological mechanisms or whether or natural selection is a mechanism. 
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