PAGE  
2

DRAFT March 1, 2011
Can there be a priori causal models of natural selection?
In “A priori causal models of natural selection”, Elliot Sober argues that contrary to Hume, the truth of some causal statements is knowable a priori. Indeed, Sober says, some of the causal statements knowable a priori are ‘at the heart of mathematical theorizing about evolution.’ [Sober, 2010, p. 3] 

We controvert Sober’s argument. 

Sober’s argument arises from some observations about Davidson’s treatment of causal statements in “Actions, Reasons and Causes” [Davidson, 1980]. According to Sober, when Davidson argued for the analyticity (and therefore a prioricity) of statements of the form ‘the cause of e caused e’, Davidson failed to notice that this statement entails the existence of event e. 
 But in science, Sober says, ‘it is pretty much always true’ that statements of the form ‘event e occurred’ are knowable only empirically. We agree with Sober – and add that this is not the only reason that ‘the cause of e caused e’ fails to qualify as a priori. Another reason is that (we believe) an event may occur uncaused. As Hume argued in A Treatise of Human Nature, the principle of sufficient reason is not itself an a priori truth. The statement ‘The cause of e caused e’ entails that e has a cause, which can be known only empirically.

Sober observes that there is a kind of causal statement that does not entail any event’s occurrence. It takes the form ‘An instance of x would promote an instance of y’. To ‘promote’ an instance of y, Sober says, is to raise the chance of y’s instantiation. (An event’s causes need not determine it, Sober says.) By specifying that an instance of x would promote an instance of y, the statement does not entail that there are instances of x or of y. So if the statement is knowable only empirically, then that is not by virtue of its entailing that there are cases of x or cases of y.  As Sober notes, some ways of filling the ‘would promote’ operator produce empirical claims. Sober’s example is ‘Smoking would promote cancer’—a truth even if everyone ceased to smoke or no one ever did, but one that expresses a contingent causal connection between smoking and cancer.

But (Sober says) there are also ways of filling the ‘would promote’ operator that yield statements that can be known a priori. What is more, Sober maintains, some of these statements are not only a priori, but also ‘causal.’ 

Sober’s simplest example of such an a priori causal claim in biology is

A’s being fitter than B (where A and B are any mutually exclusive and collective exhaustive traits) would promote A’s increasing in frequency, if the traits have positive heritability.

If we include the idealization that no other evolutionary causes are at work, then we can dispense with ‘would promote’ and arrive at another a priori causal claim, according to Sober:
[PNS] If A is fitter than B (where A and B are any mutually exclusive and collective exhaustive traits) in a population in which no other evolutionary causes are at work, and the traits are perfectly heritable, then A will, in expectation, increase in frequency. [Sober, 2010, p. 5]

(That A will, ‘in expectation’, increase in frequency is a fact about the ‘expected value’ of A’s change in frequency.) Elsewhere one of us has labeled this statement ‘the principle of natural selection’, whence our label here: PNS.

Many will acknowledge that these two statements are plausibly a priori, depending on how fitness is interpreted.
 Sober claims that they are both a priori and causal. 

Sober offers another example, one made famous by Moliere in 1673:

[DORM] Ingesting (under certain conditions) something with a dormitive virtue would promote falling asleep

This statement, Sober writes, is a priori true, but it also makes a causal claim: ‘The causal statement expresses the truism that things that have a dormitive virtue have a certain type of causal power.’ [p. 3] Similarly, according to Sober, the PNS is a causal statement since it specifies ‘the causal impact that fitness inequalities would have on trait frequencies in a population’ [p. 6] under certain circumstances. Sober sees A’s being fitter than B ‘as a possible cause of A’s increasing in frequency’ [p. 6].

Are Sober’s examples of a priori ‘would promote’ statements genuinely causal? Not every ‘would promote’ statement expresses a causal relation between its antecedent and its consequent. Consider these two examples:


Being a prime number would promote being an odd number.

Being an integer greater than 2 would promote being an integer for which there are no positive integers a, b, and c that satisfy an + bn = cn .

On the interpretation of ‘x would promote y’ as asserting that x’s instantiation would raise the chance of y’s instantiation, both of these statements are knowable a priori. (The second example was only recently proved to be knowable a priori after several centuries during which its a prioricity was in doubt, though its truth was well confirmed.) Though they are both knowable a priori, few would endorse the claim that their truth relies upon or reports any causal relations whatever. Few will accept that either one has a role in any causal explanation of why particular numbers are odd or why they allow no positive integral solutions to an + bn = cn.


Consider the ‘would promote’ statement about prime and odd numbers. Suppose I roll a pair of dice. Its landing on a prime number would promote (i.e., raise the chance of) its landing on an odd number. That’s a priori. Does this fact causally explain why my dice throw came up odd? No. Why not? Is it because in this case, its landing on an odd number and its landing on a prime number are one and the same event (like my throwing the dice and my throwing the dice vigorously with my right hand) and events cannot cause themselves? Or it is because its landing on an odd number and its landing on a prime number are not the same event but (like Socrates’ dying and Xanthippe’s becoming a widow) their relation is not causal? (See Kim 1974; Lewis 1986, p. 262.) We need not decide. Our point is that not every ‘would promote’ truth is causal. For Sober to show that PNS is an a priori causal statement, it does not suffice for Sober to show that PNS is an a priori ‘would promote’ statement.


We do not mean to suggest that there are no a priori causal statements. There are plenty of philosophically innocuous examples, such as ‘The causes of the window’s shattering, if there are any, cause the window’s shattering.’

There are also some a priori ‘would promote’ statements that (unlike ‘The dice pair’s landing on a prime number would promote its landing on an odd number’) are causal and even figure in scientific explanations. However, it difficult to see how these a priori ‘would promote’ statements can figure in causal explanations. For example (adopting an example from Braine 1972, which one of us has mentioned elsewhere), suppose Mother wants to distribute her strawberries evenly among her children without cutting any (strawberries or children). That she has 3 children and 23 strawberries would promote her failing in her attempt to carry out this task. That the numbers of children and strawberries are causes of her failure (if she tries to carry out the task under various controlled conditions) seems to be the common verdict of many different accounts of causal relations. For instance, Lewis’s counterfactual account says that C causes E exactly when there is a chain of stepwise “influence” from C to E, where C “influences” E exactly when “there is a substantial range C1, C2, … of different not-too-distant alterations of C (including the actual alteration of C) and there is a range E1, E2,… of alterations of E, at least some of which differ, such that if C1 had occurred, E1 would have occurred, and if C2 had occurred, E2 would have occurred, and so on” (Lewis 2007, p. 476). Such a pattern of counterfactual dependence obtains in this example: if Mother had had 24 strawberries (or 2 children and 22 strawberries), for instance, then she would not have failed. Alternatively, a manipulability account of causal relations (such as Woodward 2003) says roughly that C is a cause of E exactly when systematic changes in E can be brought about by suitable interventions on C. Clearly, manipulation of the numbers of strawberries or children would bring about corresponding changes in the outcome of Mother’s attempt. Likewise, that there are 3 children and 23 strawberries raises the probability of the outcome from what it otherwise would be (in accordance with probabilistic accounts of causal relations), and there is a causal process of “maternal strawberry distribution” connecting the outcome to the initial conditions (in accordance with accounts inspired by Salmon 1984). 

Thus, we recognize that there are some a priori ‘would promote’ causal statements. Unlike ‘The causes of the window’s shattering, if there are any, cause the window’s shattering’ and ‘The dice pair’s landing on a prime number would promote its landing on an odd number’, the ‘would promote’ statement about Mother is sufficiently informative to figure in scientific explanations. (“Why did Mother fail in her repeated attempts to distribute her berries among her children? Because she had 3 children and 23 strawberries, and this combination would promote – indeed, guarantee – anyone’s failure at such a task.”) 

But it is not evident that this example helps Sober’s cause. He aims to argue that a priori ‘would promote’ causal statements such as PNS lie at the heart of a host of selectionist explanations. They do the causal work of these explanations by supplying information about the world’s nexus of causal relations.

In contrast, when we explain Mother’s failure by appealing to the fact that her failure is promoted by her having 3 children and 23 strawberries, we do not give a causal explanation. Rather, the explanation works by pointing out that given the numbers of strawberries and children, Mother cannot succeed – where this necessity is stronger than (mere) causal necessity. It says that Mother’s attempts do not succeed because no causal process of maternal berry distribution could succeed. The numbers of children and berries, though they make the outcome inevitable, do not function in this explanation as causes. Similarly, we do not give a causal explanation when we say that my attempt to increase the total amount of energy in the universe (or to accelerate an object beyond the speed of light, or to trisect an angle with only compass and straightedge) failed because no such thing is possible.

A selectionist explanation, by contrast, purports to be a causal explanation. It works by describing causes. Sober must argue that his a priori ‘would promote’ statements are ‘causal’ in that they not only specify causal relations, but also can ground causal explanations – and yet are a priori.  It is in this connection that Sober appeals to the analogy between PNS and DORM, arguing that the latter is causal and hence so is the former.

Recall

[DORM] Ingesting (under certain conditions) something with a dormitive virtue would promote falling asleep.

How should DORM be unpacked? Suppose (as some have held) that the property of possessing a dormitive virtue is a second-order property – roughly, to have a dormitive virtue is to possess one or another unspecified intrinsic, non-dispositional, natural property where the ingestion of anything with that first-order property (under certain conditions) would promote sleep. (See, for example, Lewis 1997.) Under this interpretation, DORM is a priori and describes the world’s network of causal relations, but it does not specify any first-order properties instantiated in an event of opium ingestion, C, that enables that event to cause a falling-asleep event E. What it is about C that gives it the power to bring about E? Can it be that C consisted in the ingesting of a substance with the second-order property of having some first-order property that gives it the power to bring about sleep when ingested? Or was it the first-order property alone that was causally active? 

Notice that arguing that the second-order property had any causal role in the matter threatens to require that we also accord causal relevance to C’s instantiating a third-order property, and a fourth, and so on, all at least as causally active as the second-order property.

 Rather, what it is about C that gives it the power to bring about E is that it consists of the ingesting of a substance with a certain intrinsic, non-dispositional, natural property involving opium’s chemical structure. C’s ‘causally relevant’ properties, then, do not include its consisting of the ingesting of a substance possessing the second-order property of being soporific. Like ‘The causes of sleep, if there are any, caused sleep’, DORM is causal. But it is minimally so, since the second-order property of possessing a dormitive virtue would not do any causing of sleep, were anyone’s sleep caused by the ingesting of something with a dormitive virtue. Under this interpretation, DORM might well do some little work in a causal explanation of Jones’s falling asleep: roughly, in being told that DORM holds and that just before falling asleep, Jones ingested a pill containing a substance with a dormitive virtue, we learn that Jones’s ingesting this pill was a cause of his falling asleep. Nevertheless, DORM does nothing more to identify the cause’s causally relevant features than does ‘The causes of sleep, if there are any, cause sleep’. 

Of course, there may be another, better account of DORM’s content. But until one is provided, it is difficult to see how DORM helps to show that PNS identifies the causally relevant properties in evolutionary explanations. DORM’s a priori status and its role in causal explanations should not be repugnant to a fan of Hume’s dictum that causal statements are always empirical. We take that dictum as ruling out statements that are a priori knowable, are able to function in causal explanations, and specify the causally relevant features of events. 
Sober sees PNS as such a statement.  Sober’s statement of PNS is couched in causal terms: PNS specifies A’s being fitter than B as ‘the sole evolutionary cause at work.’ But when will A’s being fitter than B qualify as a causally relevant feature of some event, and to what effect will it be causally relevant? Under different interpretations of ‘A is fitter than B’, PNS moves from being a causal a posteriori truth to being a noncausal a priori truth.

Suppose that ‘A’s being fitter than B’ is shorthand for a particular set of facts about traits A and B and how they fit into local ecological conditions—facts concerning the actual design-problems they solve to varying degrees. Then (if these are the only evolutionary causes at work and the traits are perfectly heritable) A’s being fitter than B will likely have a causal impact on A’s relative frequency in the future. But this causal relation will not be knowable a priori. Rather, it will be mediated by contingent laws that can be known only empirically—laws that determine the degrees to which A and B solve these design-problems. PNS is then not a priori.

Under a different interpretation, A’s being fitter than B consists roughly of A-organisms having a greater probabilistic propensity to have offspring than B-organisms – or, more precisely, consists of A-organisms and B-organisms differing in reproductive potential so as to make the frequency of A’s be expected to rise (when no other evolutionary causes are at work and the traits are perfectly heritable). On that interpretation, A’s being fitter than B (when no other evolutionary causes are at work and the traits are perfectly heritable) promotes (indeed, renders certain) the expectation that A’s frequency will rise. But this is just because that expectation (under those conditions) is part of what it is for A to be fitter than B. Since the PNS is a conditional in which the antecedent turns out essentially to involve a mathematical expectation and the consequent turns out to be the very same expectation, the PNS gains its a priori status at the expense of surrendering its causal status.  A’s being fitter than B would no more cause A’s being expected to rise in frequency than the dice pair’s being thrown vigorously would cause its being thrown.

Sober appears to recognize the threat this ambiguity about fitness raises. He seeks to counter it:   

I want to understand “A’s being fitter than B” as a possible cause of A’s increasing in frequency. … If you are squeamish about accepting this causal claim [sic] because you think there is a “logical connection” between A’s being fitter than B and A’s increasing in frequency, consider, dear Humean, the following artificial selection experiment… (2010, p. 6)

In the experiment Sober describes, the experimenter selects for long wings (simply by removing short-winged flies) in a lab fruitfly population over enough generations to produce an increase in  average wing length, and then selects for short wings long enough to produce a reduction in average wing length.  Sober continues,

This discovery provides an excellent reason to think that fitness differences cause changes in trait frequencies. Of course, the statement that ‘A’s being fitter than B actually caused A to increase in frequency’ is empirical, because ‘A is fitter than B’ is empirical and so is ‘A increased in frequency’. But ‘A’s being fitter than B would promote A’s increasing in frequency’ is another matter.  It is elliptical for ‘A’s being fitter than B would promote A’s increasing in frequency in circumstance C ’. Circumstances can be specified that make the claim a priori true. (2010, p. 7)

It is difficult to see how these considerations allay the concerns of the squeamish, Humean or not. Doubtless there are circumstances C such that ‘A’s being fitter than B would promote A’s increasing in frequency in circumstance C ’ is a priori. The question is whether or not the statement would thereby be deprived of its claim to identify cause and effect. 

The experimenter’s having selected for long wings was a cause of the increase in average wing length. But it does not follow that long wings having been fitter than short wings was a cause of the increase in average wing length. Suppose that having longer wings is associated with having a larger weight. In the first environment created by the experimenter, being heavier was fitter than being lighter, but not because there was selection for being heavier. Fitness differences reflect directly what there is selection of, not what there is selection for. If ‘selection for’ is ‘the causal concept par excellence’ (Sober 1984, p. 100), but fitness differences reflect directly what there is selection of rather than what there is selection for, then fitness differences do not specify what is doing the causing.  Selection for long wings can have caused the average weight to increase by causing the average wing length to increase; it can have caused being long-winged to have greater fitness than being short-winged, as well as being heavier to have greater fitness than being lighter. But it does not follow from any of these facts that the greater fitness of long over short wings could be a cause of the increased frequency of long wings. The fitness differences are unaffected by whether there is selection for being long-winged or for being heavier, but any cause of the increased frequency of long wings is affected by whether there is selection for being long-winged or for being heavier,  so the fitness differences are not causes of the increased frequency of long wings. 

Accordingly, let’s now consider:

[PNS’] If A is being selected for over B (where A and B are any mutually exclusive and collective exhaustive traits) in a population in which no other evolutionary causes are at work, and the traits are perfectly heritable, then A will, in expectation, increase in frequency.

Is PNS’ an a priori causal statement? Not obviously so. Just as DORM under one interpretation fails to specify the properties of an ingesting-opium event C that enable that event to cause a falling-asleep event E, so PNS may fail to pick out the causally relevant properties of the selection process. It characterizes the selection process only by specifying what is being selected for, not by specifying what is doing the selecting – that is, how the selecting is being accomplished. (For example, it does not specify the means by which the experimenter is detecting long-winged flies and killing them before they have the opportunity to reproduce.) Sober has not shown that PNS’ does anything more to identify the cause’s causally relevant features than does DORM when interpreted as specifying a second-order property – or than does ‘The causes of sleep, if there are any, cause sleep’. 

Our view, in sum, is that Sober has not managed to dislodge the Humean point that no statement is a priori that specifies certain properties as among those that would be causally relevant features of a cause or effect (were those events to occur), where that statement could then figure in a causal explanation of the effect by the cause. Following Davidson, Sober rightly emphasizes that an event can be picked out under many descriptions, and so an opium-ingesting event can be picked out (as “ingesting something with dormitive virtue”) by a description that logically entails something about the effect such an event would (likely) have. But it does not follow that this way of picking out the event succeeds in picking it out by its causally relevant features. To call the resulting a priori statement “causal” fails to distinguish its describing the world’s causal nexus from its identifying which properties bestow upon certain events the powers to cause certain others. Statements of the latter sort that can figure in causal explanations cannot be known a priori.
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� In The Philosophy of Biology [1993], Sober claimed that a priori mathematical models have a causal explanatory role in evolutionary biology.  Among the examples he cited were models of Hardy-Weinberg genic and genotypic equilibrium and the Fisher sex-ratio model. This claim did not rest on any appeal to the semantic approach to theories, and Sober explicitly rejects arguments invoking the semantic approach in Sober [2010]. 


� Davidson wrote: “[S]uppose ‘A caused B’ is true. Then the cause of B = A; so substituting, we have ‘The cause of B caused B’, which is analytic.” [1980, p. 14]


� Arguably, ‘The cause of e caused e’ also entails that e has a unique cause, which cannot be known a priori.


� For example, PNS turns out to be knowable a priori to be true on all the interpretations discussed in Sober [2001].  


� In The Nature of Selection and elsewhere, Sober argued that fitness differences were “causally inert” with respect to the survival and reproduction of individual organisms. He has changed his mind; see Sober and Shapiro, 2007, p. 19.








