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Abstract. It's recently been argued that biological fitness can’t geaaver the course of an
organism’s life as a result of organisms’ behaviors. Howeseme characterizations of bio-
logical function and biological altruism tacitly or exgliy assume that an effect of a trait can
change an organism'’s fitness. In the first part of the papgplai that the core idea of chang-
ing fitness can be understood in terms of conditional prditielsi defined over sequences of
events in an organism’s life. The result is a notion of “coiodial fitness” which is static
but which captures intuitions about apparent behavioffaicef on fitness. The second part
of the paper investigates the possibility of providing ategeatic foundation for conditional
fitness in terms of spaces of sequences of states of an arganis its environment. | argue
that the resulting “organism-environment history conmepthelps unify diverse biological
perspectives, and may provide part of a metaphysics of alatatection.
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1. Introduction

It's often taken for granted that events occurring durirelife of an organism
can change its fithess. Finding a mate, food, or shelter niiginease fit-
ness, for example. Encountering a predator might decrealdes assumption
seems to be at the core of some accounts of biological funatid biological
altruism, but it has recently been challenged (Ramsey, 2006

The idea that a biological function is an effect of a trait f@havior)
which increases the organism’s fithess or probability ofadpctive success
in certain contexts has a long history. It's explicit in scaceounts of function
(e.g. (Wimsatt, 1972; Wimsatt, 2002; Abrams, 2005)) andgilay implicit
in many others. For example, the idea of raising fithess gesva reasonable
way of making precise the notion of “contributing” to fithess(Neander,
1991, p. 174):

It is the/a proper function of an itenX§ of an organism @) to do that
which items ofX’s type did to contribute to the inclusive fithess ©k

1 It appears that contributing to fitness can't be understadgims of counterfactuals in
any simple way; see (Wimsatt, 1972, pp. 55ff) and (MillikaAp2).
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ancestors, and which caused the genotype, of wKichthe phenotypic
expression, to be selected by natural selection.

Other authors have adopted Neander's formulation as angigsbint for
further discussion (e.g. (Godfrey-Smith, 1994; Schw&@f)2)).

Some kinds of biological altruism seem to require that betravchange
fitness as well. For example, Sober and Wilson say that “A \dehas al-
truistic when it increases the fitness of others and decsegdmeefitness of
the actor” (Sober and Wilson, 1998, p. 17). Thus when an dnwaans
others of an approaching predator, it might sometimes dserds fithess
by drawing attention to itself while at the same time incregothers’ fit-
ness by making their escape more likely. Though both funstand altruism
plausibly involve changes in fitness, I'll focus mainly ore tsimpler context
of functions.

Ramsey (2006) argues—correctly, | believe—that we cankarsense
of the role that fitness plays in natural selection unlesgg$grremains the
same over the course of an organism'’s life (except perhapsadsignificant
environmental changes); fithess must be what Ramsey cédiskliithess”,
or what I'll call “static fitness” here. This conclusion segito undermine
our understanding of biological function and biologicat@sm. I'll argue,
however, that we can make sense of intuitions about fithessges within a
lifetime by understanding the “contribution” that an effetakes to fitness in
terms of unchanging conditional probabilities of reprdiiec success—viz.
probabilities conditional on that effect.

After presenting and refining Ramsey’s arguments that ftigsstatic
(82.1) and his use of possible lives of an organism to definestti§2.2),
I'll explain how we can make sense of intuitions about fitreksematics
in terms of a conditional notion of biological fithes§2(3). Since there is
not widespread agreement about how to define fithess—and aaothers
don't think that a single way of defining fithess is possiblétsketch some
prominent proposals in order to argue that the idea of camdit fithess
plausibly applies to a large class of views about fitness. dstrof the rest
of the paper 43) | describe a general framework for thinking about natu-
ral selection and development which helps to make sensenafitcanal fit-
ness, and I'll discuss possible interpretations and imfibois of the resulting
“organism-environment history” conception.

2. Static conditional fitness
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Fitness “Kinematics” 3
2.1. WHY FITNESS IS STATIC

Ramsey (2006) gave two arguments that fithess’s role in alatalection
requires an organism’s fitness to remain the same over theeofits life.

First, an organism’s fithess should in general help to ptetie repro-
ductive success of similar organisms. However, if fitnessdlates—perhaps
severely, as when a predator notices prey—fitness at a giwenemt in an
organism’s life need not predict the reproductive succdsstlwer, similar
organisms.

Second, if fitness can change in response to events in anisngsuife,
fitness could be altered by “random” occurrences, allowmgneidentical
organisms in the same environment to have different fitsegeeScriven’s
(1959) widely-cited example, one twin reproduces but tHeeiois killed
by lightning before reproducing, apparently coming to haeeo fithess—
though there’s no heritable, evolutionarily relevant eliéince between the
twins. More commonplace examples are easy to generateftAsthe wind
could affect which of two similar organisms is detected agaght by a preda-
tor, irrespective of their heritable similarities and dittnces. Allowing events
to change fitness thus seems to allow fitness differences disbennected
from biological properties on which natural selection acts

We can refine Ramsey’s points by noting that the sort of fitnelevant
to natural selection must attach to alternative types pteisea population
(genes, phenotypes, etc.), since it’s types, not tokenighvdan be inherited.
It's hard to see, though, how behaviors which may or may notioduring
different organisms’ lives could suddenly change the figrafshe type they
share?

2.2. POSSIBLE LIVES AND PROBABILITIES

Ramsey (2006) ultimately characterized static fithess asetibn of proba-
bilities over numbers of offspring (pp. 487f), where thesxant probabilities
are to derive from “the number of successful reproductivenevin the sum
of [an organism’s] possible lives...” (p. 492). think this is on the right
track, but it is at best unclear about a crucial point: The beinmof possi-
ble lives of any organism will usually be infinite since, argasther things,
location varies continuously (cf. (Lewis, 1973, p. 20)).ushthe number of

2 Some models (e.g. (Ewens, 2004)) and general accountsesite.g. (Mills and Beatty,
1979; Sober, 1984)) define type fitness as an average of takesdes. If this were correct in
general, arbitrary fluctuations in token fitnesses shouhdetiones accumulate and force type
fithesses to diverge from what’s biologically approprigderams, 2007).

3 Ramsey also described two notions of fitness, ratchet fimeddlux fithess, which do
allow fitness changes, but argued that neither is relevanatoral selection. Ramsey didn'’t
describe relationships between these notions. As | mehétow (note 8), my approach allows
the possibility of seeing static fithess as deriving from fitness along with other information.
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reproductive events in all of the possible lives of any orgarwould usually
be infinite. | see no way to define probabilities of numbers féfpoing di-
rectly in terms of such numbers. Rather, a definition of fithess nesirae a
probability distribution over sets of possible lives; thidl allow finite fithess
values to be derived from infinite numbers of possible I{/&H.eventually
argue that the relevant probabilities are over “organiswirenment histo-
ries”; sequences of states of an organism and its environrivBnapproach
explicitly concerns organism types rather than tokens,dvewy and allows
the possibility of clarifying the appropriate notion of jgdslity.

2.3. CONDITIONAL FITNESS

I'll argue that any member of a broad class of plausible aetof static
fithess will allow us to define a notion of stattonditional fithess. Such
conditional fitnesses will include fithesses conditionaltio& occurrence of
an event of a particular type. Though these fitnesses do rotgehduring
an organism’s life, they reflect the effects of possible &ve@m organisms’
reproductive success, and I'll argue that static conditiditnesses suffice to
capture the intuitions behind the assumption that fitnes€lange during an
organism’s life. | won’'t attempt to deal here with all contensies concerning
fitness, however.

Let's begin with the simplest case, conditional viabili§onsider an an-
imal which uses carotenoids to improve disease resistangethe jungle
fowl (Zuk et al., 1990). Carotenoids usually must be acguirem foods,
but carotenoid-rich foods are rare in some environmentsgi®and Owens,
1998). It's natural to think that when a young jungle fowl expncing a
carotenoid shortage encounters a ready source of theseuscdss, the an-
imal's viability could thereby increase. Though, as we\eers, this kind
of fitness can't really play a role in natural selection, &®mevertheless
a difference in what I'll call “conditional viability"—a dference between
viability conditional on being a young carotenoid-depiepgngle fowl which
finds a source of carotenoids and being one which finds no suches

We can illustrate the idea most simply by supposing thatugigie fowl
of a particular (geno- or pheno-) type go through a period asbtenoid-
depletion while immature, and that this contributes to sofiteem succumb-
ing to disease before reaching maturity. Then the conditipnobability of
survival to adulthood—theonditional viability—given finding a carotenoid

4 Ramsey (2006, pp. 492f) does acknowledge that the numbenssilge lives could be
infinite, but only in order to argue that this doesn’t presamtepistemological problem for
his account of fitness. My point here is that Ramsey’s char&ettion of what fithesss
leaves out an important aspect: the probability distrdrutiver possible lives. Note that this
probability distribution may be over an uncountably infinitumber of element—lives—but
this is mathematically unproblematic; in such cases pritiieb are defined by integrals over
a probability density function rather than by sums of finiteountably infinite probabilities.
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Fitness “Kinematics” 5

source is plausibly greater than the corresponding camditiprobability of
survival given not finding a carotenoid source. Allowirg to represent the
condition of surviving to adulthood,C” the condition of finding a good
source of carotenoids, and representing negation (congpittion) by an
upper bar,

P(SC) > P(SC)

is the relation between these conditional viabilities. Wghhthen use this
idea as part of a characterization of biological functi@guiring, say, that:

A kind of effect C of a behavior or trait i€C’s function if and only if
viability conditional onC exceeds that conditional on nGtin certain
restricted conditions. . ..

This formulation would obviously need to be revised in linghwone or
another existing account of functions.

Importantly, claims about viabilities conditional on belwas don't re-
quire that probabilities change over time. They requirey anlprobability
distribution over possible lives for an organisypein an environment, where
probabilities are assigned to sets of lives classified byuonstances such
as finding a carotenoid source. Representing conjunctiater§ection) by
concatenation, the conditional probabili®(SC) is by definition equal to
P(CS/P(C). ThusP(SC) is the probability (for a given organism type) of
the set of those possible lives in which carotenoids aredaarly and there
is survival to maturity, divided by the probability of thetsd# possible lives
in which carotenoids are found early.

Suppose though that fitness is not mere viability, but exgaeof number
of offspring, as in the original propensity interpretatiohfitness (Brandon,
1978; Mills and Beatty, 1979). LettingOa = i” refer to the condition that an
organism of typeA hasi offspring, the fitness of a typ& would be:

Fithess ofA =

[ee]

EOa = _%iP(OA:i) =

0xP(Oa=0) + 1xP(Oa=1) + 2xP(0a=2) + ---

This makes fitness a mathematical expectation or arithmegen, a particu-
lar mathematical functiol of a set of probabilities of a random varialidg
taking on various values.

There will then be analogous differences between expeatetbars of
offspring conditional on locating a source of carotenoidd aonditional on
failing to do so. These are just conditional expectatiortscivare routine in
probability theory; they can be understood as expectatigirgy conditional
probabilities instead of simple probabilities. The expdahumber offspring
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of a typeA conditional on finding carotenoid€) would be

[ee]

E(OaC) = ;i P(Oa=i[C).

Fitness conditional on finding carotenoids would then betgrethan that
conditional on failing to do so when

E(O/_\|C) > E(OA|C) .

This captures the idea that although not all jungle fowl wHind carotenoids
have many offspring and not all of those which fail to do soehfaw off-
spring, the average number of offspring among possible kivieich include
finding of carotenoids is greater than the average for liieigkvdon't.

Several authors have argued that fitness is not always expeamber of
offspring and that it may be some more complex mathematigattfon of
probabilities and numbers of offspring (Beatty and FinsE989; Brandon,
1990; Sober, 2001; Rosenberg and Bouchard, 2608)k function of prob-
abilities of numbers of later descendants (Cooper, 1984ttBand Finsen,
1989), or of probabilities of numbers of offspring along lwiither factors
(Sober, 2001; Krimbas, 2004; Ariew and Lewontin, 2004).

For example, Brandon (1990) argued that fitness is some matical
function of the expectation of number of offspring and théarzce of num-
ber of offspring, though the appropriate way of combiningestation and
variance won't be the same in all evolutionary contextsiavare, though, is
defined in terms of expectation,

[o0]

Var O/_\ = E(OA— EO,/_\)2 = %0 — EOA)ZP(OA: |) )

and conditional variance can easily be defined in terms afiional expec-

tation by substituting conditional probabilities for silaprobabilities:

Var(Oa|C) = E([Oa—E(OalC)?|C) = ;(i —E(OalC))?P(0a =i[C) .
1=

Thus if variance of number of offspring is relevant to fithesgiance condi-

tional on locating (or not locating) carotenoids plausitslytoo.

5 Much of this discussion was inspired by (Gillespie, 197 @mnmarizing other work by
Gillespie.

6 |t may be that different definitions of fitness are needed ffedint contexts (Stearns,
1989; Brandon, 1990; Krimbas, 2004; Ariew and Lewontin,£20Rosenberg and Bouchard,
2008); see (Abrams, 2009a) for a contrary view. Note thabbists often define fitness as
a “deterministic” scalar which doesn’t depend on probéib8i this usually seems to be a
simplification for modeling convenience. | don't deal herighwarguments that fitness only
summarizes actual reproductive success (e.g. (Walsh)R@@e (Rosenberg and Bouchard,
2008) for further references and critiques.
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Fitness “Kinematics” 7

More generally, it seems reasonable to think that if fithesshe defined
in terms of some mathematical functiérOa of probabilities of numbers of
offspring for a given typé, then the effect on fitness of events of some par-
ticular kind in organisms’ lives should be definable in tewhsorresponding
conditional probabilities:

Fitness ofA given the occurrence & = F(Oa|C)

= FOa calculated usindg?( |C) rather tharP( ).

Where fitness must be defined partly in terms of numbers ofd@tgcendants
of a current organism, the relevant probabilities woullil s& conditional on
a kind of event in the current organism’s life.

As with conditional viabilities, the relevant probab#is—conditional and
unconditional—are for a given organism type in a given envinent, and
these probabilities don't change within organisms’ liveisce they already
take into account everything that can happen in a life, nevarious possi-
ble lives. Thus the fact that conditional fitness is definedeims of such
probabilities means that conditional fitness is static als. WRather than an
organism’s fitness literally changing when an eff€cbccurs, there is in-
stead a relationship between conditional probabilitietypa’s fithess condi-
tional on the occurrence & is different from its fithess conditional d@'s
non-occurrence.

Thus a notion of biological function of a heritable (perhdgghavioral)
trait might be defined in part by requiring that a trAihave an effecC in
many possible lives, such that in certain restricted cirstamces the (static)
fitness ofA conditional ornC is greater than on ndi:

F(OalC) > F(Oa[C)

Similarly, we can understand the negative effect of an ialimibehaviorB
on actors of typeA in terms of the difference betweeNs fitness condi-
tional on performance of the behavior and its fithess comtdi on lack of
performance:

F(OalB) <F(OalB) .

7 (Abrams, 2009a) argues that probabilities of numbers @ ldescendants can be re-
placed by probabilities of occurrences in a current orgaisidife. Ramsey, Neander, and
others use inclusive fitness (Hamilton, 1964), which inocoapes reproductive probabilities
for kin; my view is that effects of kin on reproductive proliéles are special cases of more
general contextual effects: group selection, frequencydemsity-dependent selection, etc.
(Michod, 1982; Sterelny, 1996; Sober and Wilson, 1998).eRbsrg and Bouchard’s argu-
ments that fitness might be defined by a token organism “spl¥ia design problems set by
[an environment] more fully” than another organism (Rogrgband Bouchard, 2008, and
references given there) is not intended to apply to types|| lsuspect that an analogous
notion of fitness for types would ultimately have to be casbetin terms of probabilities
of reproductive events or other events in possible lives.
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(Il discuss the positive effect of an altruistic behaviam others’ fitness at
the end of Section 3.2.)

3. Organism-environment history spaces

3.1. INITIAL MOTIVATION

We've seen how to make sense of “changes” of fitness in terra&t€ con-
ditional fitnesses for simple cases. However, the conditibtnesses relevant
to biological functions and altruistic behaviors rarelypdad only on whether
a simple property is instantiated in the organism'’s lifdeEfs on fithess are
enormously varied, depending on a wide variety of subtleratdtions be-
tween different environmental, physiological, and bebeali factors; effects
which “increase” fitness in one circumstance needn’t do smither.

The literature on costs and benefits of carotenoid use peevidimer-
ous illustrations; it's likely that several of the functewf carotenoids and
conditions affecting their functionality apply to any givearotenoid-using
species. Olson and Owens (1998) list nineteen known plogial functions
of carotenoids, along with the substances’ use to produdeugapigments
in feathers and scales. Such pigments can have a varietymohoaicative
functions including species recognition, sexual disptanflict resolution,
etc. Carotenoid functions can vary at different stages obrganism’s life
(Olson and Owens, 1998); for example, male American goltdéachave
bright yellow carotenoid-based pigmentation only as addliring summer
months (Hill and McGraw, 2004; Cornell Lab of Ornitholog@(B), and fe-
male blue-footed boobies use carotenoids for egg produkitorales et al.,
2009). Carotenoid use incurs costs, including time, enengyy risks involved
in locating carotenoid-rich foods, energetic costs of pesing, and possible
toxicity (Olson and Owens, 1998). Use of carotenoids ingslather physio-
logical resources, illustrated by the fact that poor nigtnitcan interfere with
their processing (Navara and Hill, 2003). Moreover, déf@rcarotenoid sub-
stances may have different costs even when used for the seacigoh (Hill
and McGraw, 2004). Finding a new source of carotenoids inrateaoid-
rich environment might provide no additional benefit, bubaganism whose
condition limits carotenoid processing might receive nodfg from a new
source anyway.

Thus fitnesses relevant to biological functions will oftem donditioned
on complex, subtle properties of an organism’s life andrmgrenment over
extended periods of time. Altruism is no different—for ex@e; an altruist’s
fitness conditional on giving an alarm call might depend dstlswconditions
such as the location of a predator in relation to conspeaiflush have had
specific kinds of past interactions with the caller, in adgrmwith a particular
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Fitness “Kinematics” 9

structure. Our understanding of facts like these would ledukeby a system-
atic conception of the structure of relevant sets of “pdesilves”, or more
properly, of possible sequences of states of an organisntsaadvironment.
I'll sketch such a conception next, first presenting its mdeas £3.2). |
then discuss various theoretical roles the resulting qutiare can play §3.3),
including ways that it can play a role in unifying diverse adein biology
and philosophy of biologys@.3.1), and including the possibility of using the
conception as part of a metaphysics of evolutionary prese§8.3.2). The
more precise characterization of organism-environmestbhies in the latter
section will suggest what counts as a possible life of anrosga

3.2. CORE IDEAS

To a first approximation, anrganism-environment histong a sequence of
states of a possible organism and its environment whicharsistent with a
given type of organism and environment. The set of all olgrarénvironment
histories for a specified environment and biological (gepbeno-, etc.)type
form anorganism-environment history spaa simply ahistory spacel’ll
provide informal details of this conception next, and a nprexise account—
including a discussion of what determines the relevantrenment—in Sec-
tion 3.3.2.

An organism-environment history should often be considleéocbegin at
conception and end at the time of death, but histories mag twalast longer
when fitness is defined in terms of numbers of near-generdésnendants.
What sorts of variations in states are included in orgaréswironment histo-
ries? If we were trying to study an actual population in amal¢nvironment,
we'd focus on some small set of properties of the organisrdsoatheir en-
vironment, represented by a small set of variables. A stdpgown version
of this idea comes from life history theory (Stearns, 198®@)jch models
differences between organism types along dimensions ahesm size, time
of reproduction, clutch size, offspring size, etc. Coo®00() extends the
life history idea to include arbitrary properties and eomimental circum-
stances in organisms’ lives, but still focuses on a relbtigenall number
of properties of lives at various times—for example encetiny a predator,
nearby soil being hard or soft, etc. My remarks about camtisnsuggest that
real-world evolution depends on interactions betweenrdesenvironmental
and organismic properties. The large number of variableggterminables)
defining the dimensions of states in fully detailed hist®ri@ght range across
sets of positions and properties of small but relativelyhHeyel parts of
organisms—both parts of the organism in question and padther organ-
isms (including conspecifics) in the environment—and owarfigurations
of abiotic aspects of the environment. Minutiae like the rait flow and cell
positions in blood near a point in a vein of an organism mighint as as-
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state of organism and environmen

i

time time
(a) deterministic (b) indeterministic
Idealized representations of organism-environment hisspaces assuming that biological
processes are deterministic (a) or indeterministic (b)ly@me dimension of variation in
states at a time is represented, and only two-way branclsimggresented in (b) (where
histories beginning from one initial state are highlightede history is further emphasized,
and probabilities of some branches are indicated).

Figure 1. Deterministic, indeterministic organism-environmerdtbry spaces

pects of the organism-environment state as well. Even thaugractice it's
unrealistic to try to capture all such variation in a modéllargue below that
it's worthwhile to such a rich conception of organism-eoniment histories
is nevertheless useful.

The state of a possible organism of a given type in a giverremvient
at a moment in time thus may be a point in a very high-dimeraispace.
The change in the organism-environment configuration frasment to mo-
ment is movement through this space, producing, over tinpatia winding
through it. Each such path is an organism-environment fyiséosequence of
states of an organism and its environment, where each stataqes the next
one (figure 1). The set of such sequences which are consisignéa given
environment and organism type then form an even more congplage, an
organism-environment history space.

Some biologists and philosophers think that biologicatpsses are roughly
deterministic (e.g. (Graves et al., 1999; Abrams, 2007)s Tmplies that a
state of the organism and its environment at one time detesnihe sub-
sequent path through the organism-environment historgesfiggure 1(a)).
Other writers think that at least some of the stochasticitpiological pro-
cesses is due to fundamental indeterminism; advocates girtipensity in-
terpretation of fitness sometimes take this position (évill and Beatty,
1979; Brandon and Carson, 1996)). On this view an initidksé&dconception
would often determine probabilities of producing two or m@ubsequent
states, each subsequent state in turn determining pralesbof producing
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Fitness “Kinematics” 11

further states (figure 1(b)). Either way, the present p&toray require a
probability distribution over initial organism-envirommnt states at the time of
conception (Abrams, 2007). Such a distribution would ftdefined probabil-
ities of sets of histories for a deterministic history spacen indeterministic
history space, the probability of a set of histories woukbdbe determined
by within-history indeterminis.

If we take fitness to be a mathematical function of probaediof numbers
of offspring for alternative heritable organism types inaanenon environ-
mentE, we get the following picture. The environmeatalong with a given
organism type (e.gd) constrains and determines what histories are possible
and helps to determine their probabilities. A probabilifyacertain number
of offspring for a given biological typeA) is then a probability of a set of
A-in-E histories which include production of exactly that manyspfing.A’'s
fitness is a mathematical functidnOyx of such probabilities (and perhaps
other factors). I1B's fithess is different fronA\’s, this is because histories for
the B trait wind through the possible states in a different wayhwdifferent
probabilities, than do those for tiAetrait.

For example, suppose two competing heritable traindB in a pop-
ulation of small mammals produce different tendencies toaia still upon
seeing a moderately distant predator; such “freezing” Wiehanay lower the
probability that a predator will notice an animal of eithgpeé. The two traits
A andB define two different organism-environment history spa&égure 2):
In both, the probability of surviving conditional on freagiin the presence of
a predator is greater than conditional on not freezing instirae situations.
However, in the history space fé¢ the set of histories with a moderately dis-
tant predator includes a greater proportion (probabibfy)istories including
subsequent freezing.

We can also characterize an altruistic behavior’s benefé twn-actor
in terms of organism-environment histories. (Section 2y dliscussed the
behavior's detrimental effect on the actor.) Note that doysincludes a
sequence of states of (1) a “focal” organism of the type widefines the
history space and (2) an environmenthich may include other conspecifics
whether of the same type or not. Thus probabilities of histocan be con-

8 Probabilities of branchings are probabilities conditioma the previous state, and they
would satisfy a Markov condition, i.e. the probability of ement conditional on a prior event
is unaffected by still earlier events. This implies that pinebability of a single history would
be the product of probabilities of branchings along the \ilde probability of an entire set
of histories beginning from particular initial conditiongould be the sum, or more likely
integral over probabilities of individual histories beging from those conditions. Finally,
the probability of a set of histories beginning from a varief initial conditions would be a
sum or integral of products of probabilities of initial catidns and probabilities of histories
conditional on the various initial conditions (cf. (Abran®007)). This provides a way of
connecting Ramsey’s (2006) notion of flux fithess with hisigroof block fitness, defining
the latter in terms of the former along with probabilitiespinitial conditions.

PathSpace5.tex; 30/12/2008; 21:50; p.11



12 Abrams

Situations in which animal doesn’t
freeze in presence of a predat:

Situations in which
animal freezes in
presence of predator,

Trait A Situations in which no Trait B
predator encountered

Shaded areas contain histories which reach repoductive age

Figure 2. Type A is fitter: A's perform a functional behavior with greater probabiliach
point represents an entire history; roughly speaking,ithe &xis is perpendicular to the page.

ditioned on behaviors of conspecifics other than the foagdmism, treating
these behaviors like any other environmental conditioratTdonspecifics’
behaviorsB’ benefit theA type then just means that fithess conditional on the
existence of such a behaviBf is greater than conditional on its absence,

F (Oa|B') > F(OalB'),
i.e. that among histories which includ fithesses are higher on average.

3.3. THEORETICAL ROLES

We began with arguments that fithess can’'t change during gan@m’s
life; this led to the view that what appear to be changes irsgrare really
differences in static conditional fithesses. The orgareswironment history
conception fills out this picture, but it raises further digss. Should we re-
ally take history spaces seriously, given that most detéileal-world history
spaces would be unknowable in practice?

My view is that our thinking about approximations to realégpd their
relations to each other can be clearer with a systematicepdion of what
sort of thing it is that diverse approximations . .. approxien Such a concep-
tion, when available, can allow us to understand how sedgingompatible
models and theoretical perspectives capture aspects dfatime underly-
ing abstract structure. I'll suggest that the organismirenment conception
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can help unify a broad set of theoretical and philosophieapectives con-
cerning evolution, providing a common conceptual framdwahich can

be specialized for various existing perspective® 3.1). I'll then refine the
picture above in order to explore the possibility of a redhiserpretation of
history spacess@.3.2).

3.3.1. Instrumental meta-model

Organism-environment history spaces corresponding topeting biologi-

cal types can plausibly play a role analogous to Hutchirss¢®57) niche
concept. Hutchinson characterized a niche as a region ibstreat space of
combinations of conditions which allow members of a spetnggersist. For
example, different plant species might require concepotratof minerals in
soil within different ranges. A species’ niche was suppdseithicorporate a
great many such conditions, yet Hutchinson didn’t imagha &ny ecologist
would be able to fully characterize the true niche of a sgediutchinson’s
niche concept was nevertheless widely influential becdumganized think-
ing about niches and provided a conceptual framework in kvhiactable

approximations of complete niches could be developed ahthpalation to

each other. It gave a picture of an ideal which could be apprated to one
degree or another in different ways in practical work.

Similarly, the organism-environment history concepti@m serve as an
abstract framework to be approximated in various concretgsvior different
empirical, theoretical, and philosophical purposes. Miieraremarks have
already conveyed that the conception can provide a uniffraxgqpework for
thinking about fitness, biological functions, altruism,insream life history
theory, and Cooper’s extended version of life history theli suggest a few
other connections here.

Developmental Systems Theory (e.g. (Oyama et al., 200{})cades that
we take the role of development in evolution more seriouslige the pos-
sibility of non-genetic physiological inheritance moreisasly, and con-
sider some environmental states and relations themselJss heritable and
subject to selection. DST fits easily into the organism+&mment history
conception, unlike accounts of selection explicitly tiedgenotypes or phe-
notypes. Nothing in the picture that I've sketched depemis dlistinction
between events inside and outside the organism boundaiy;rifles in the
overall state of organism and environment at a time are atgnt. Further,
nothing in the picture I've sketched implies that heritatylpes must be ge-
netically determined. Differences between competingohysspaces can just
as well be due to differences in inherited maternal cellcstmes or inherited
environmental properties, e.g. due to niche constructiatad et al., 2001).

It's worth comparing the history conception with Wadding#o (1957)
metaphorical conception of epigenesis as a landscape ichvehcanvas, its
shape determined by points pulled in different ways, masidgedirect a
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marble to various points on the surface. Waddington’s nietapan be seen
as a restriction to developmental processes of ways in waitiplogical
type biases the probabilities of organism-environmentohiss. Similarly,
Wimsatt’s concept of generative entrenchment (e.g. (Witn2807)) and
discussions of properties of functional hierarchies (Withsl972; Wimsatt,
2002)) can be viewed as partly concerned with probabildfasrious sets of
possible organism-environment histories.

Finally, note that though in this paper | generally take a hestory space
to be tokened when a new instance of a genome occurs, theviaineould
just as easily be applied to heritable properties of grofipsganisms or cells
or non-biological entities which exhibit inheritance andded proliferation.

To summarize: A variety of scientific and philosophical msdevolv-
ing biological function, altruistic behaviors, life histotheory, and develop-
mental systems can be viewed as specializing and apprargnatganism-
environment history spaces in various respects. The kistmnception can
easily be applied to heritable types for groups or non-lgickal entities as
well. Viewing these diverse perspectives as involving oou different as-
pects of organism-environment history spaces makes iterl@ghat it is they
have in common and how they relate to each other. Note thatvihy of
thinking about organism-environment history spaces doesquire that we
assume that they have any sort of reality, nor that it be plesseven in
principle, to determine what factors count as possibleatiars in organism-
environment states. Where more precision is useful, resees can work
out the details in whatever way is appropriate, negotiatimgs-disciplinary
differences as needed.

3.3.2. Realist metaphysics

While an instrumentalist stance toward the history conoapnakes it analo-
gous to the Hutchinsonian niche concept, a realist stanéesrihanalogous
to the propensity interpretation of fitness’s (PIF) claimtthitness depends
on propensitie$. This aspect of the PIF doesn’'t appear to have changed sci-
entific practice, but its warrant never depended on prdatmasequences; it
was proposed to resolve difficulties in the evolutionaryotigs conceptual
foundations. Among other things, since propensities aeaditions, the PIF
has the potential to explain how fitness differences coulddueses. Never-
theless, propensities don't seem to be empirically disistgable in practice
from any other potential source of stochasticity in bioldgyor example,
guantum mechanical tests which might distinguish propiessirom other
sources are impractical in most biological contexts. Imoléhat a realist ac-

9 I'm skeptical about this aspect of the PIF (Abrams, 2007 pilesny appreciation of its
intended theoretical role.

10 such as a deterministic mechanism which systematicallgrgéss outcomes in certain
frequencies.
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count of organism-environment history spaces can playeasiohilar to the
PIF's propensities. A detailed organism-environmentdnisspace hypothe-
sis would be testable in principle, but many simplifyinguasgtions would
be needed for any practical tests. However, the historyespaieception helps
to make sense of existing biological intuitions and pragic

Here I'll briefly sketch a framework that might allow orgamisenvironment
history spaces to count as real aspects of the world. Thisgwilat least
part of the way toward specifying criteria which could sfeaianges of
allowed variation in states of organisms and an environsméimiis constrain-
ing the histories which are sequences of these states (arebthspecifying
what counts as a “possible life”). The ultimate goal wouldtbemake the
organism-environment history conception precise enohghwe could say
what would be involved in determining the properties of a history spifice
practical limitations didn't intrude.

The history spaces for two (or more) competing biologicglety in a
population should depend on many shared environmental egghismic
properties—e.g. for competing genotypes, on many genetiphysiological
factors. Thus much of what determines the structure of tsi@ty spaces for
the two types will be the same. On the other hand, the two yispaces
will differ in structure because when instances of différtgpes interact with
identical circumstances, they produce different consecee What makes a
history space the particular space it is therefore inclims (a) those envi-
ronmental and organismic conditions which are common fasrghnisms in
the population, and (b) one of the alternative types.

More specifically, a history space for a member of a set of eiing
biological types in a population is constituted by threedkirof conditions:
long-term, static environmental conditions; recurrergydation-specific con-
ditions; and biological type-specific conditions.

— Static conditions: These are aspects of the environmenthmamain
the same, for all members of the actual population, for a lpegod
of time. Boulders don’'t move very often and the gravitatioc@nstant
doesn'’t change. Trees change constantly, but they don’atmpmd from
place to place. Though weather patterns are variable, #mgin within
certain limits for long periods of time. In general statimdgions can
be fairly abstract, including limits to environmental \&idon and even
probability distributions over variations.

— Recurrent conditions: These are recurrent conditionsallysaommon
to every member of the population—often to every member pegiges.
DST allows environmental states which recur in each geioeréd play
the same role as heritable properties of an organism; tfeagdd count,
too.
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— Type-specific conditions: These are heritable conditiammon to ev-
ery organism (developmental system, unit of selection) ®ith a given
type (e.g. for organisms, a genotype or a phenotype). Defininmryis
spaces in terms of such conditions allows us to charactétigss dif-
ferences of alternative biological types.

A particular history space is thus defined by a Betf static environmen-
tal conditions, a seR of recurrent, population-specific, usually organismic
conditions, and a typ@ which usually wouldn’t be universal within the
population (since the point here is to understand evolatipmprocesses). A
realization of a particular history space exists whenelleofaghese consti-
tuting conditions obtain in the world. For exampleAiandB are alternative
alleles at a locus for haploid organisms in a population withmon charac-
teristicsR in environmentE, a pair of history spaces are defined (&R, A)
and(E,R,B). An instance of the first history space is realized whenenék a
organism with characteristid® is conceived under conditioris—and sim-
ilarly for the second space. Note that multipfleor B history spaces can be
tokened at the same time within the same environment.

Each history space allows a large range of variation in haitfal condi-
tions at conception and states later during a focal orgadsitifa. Among
other things, in comparing genotypes produced by altermadlleles at a
locus, genetic differences at other loci might count asediffices in initial
conditions for the history spaces. Similarly, althoughheactual organism in
an environment experiences conditions which are similrhelso experi-
ences different environmental circumstances, since thmbenvironment is
always changing and no two organisms in a population areat\exactly the
same place and time.

History spaces have a particularly sharp version of whatl I'dee prob-
lem of the reference environment”, which can be addressedughly the
same ways as other versions (Abrams, 2009b). The actuahisnga of a
specified type within a population and its surroundingsizeadeveral history
spaces simultaneously, all shared by the entire populdtistory spaces de-
fined by minimal sets of static environmental conditions ahhare realized
for longer periods of time, and ones defined by more complesirictive
sets of static environmental conditions which are realiaety for shorter
periods of time. Fitnesses relative to these differenbhystpaces need not be
the same, however. Consider a population of desert insettidwo alterna-
tive, heritable behavioral phenotypes, one better forigimy rare rainstorms
(Abrams, 2009b). Static conditions which exclude rain asized for shorter
periods than those allowing rain. History spaces relativéhese two sets
of static conditions might reverse the fithess ordering eftthio competing
types. Excluding or allowing histories which include ragteimines whether
fitness conditional on rain contributes to overall fitnesbaithen determines
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the “right” set of static conditions—the right referencesieonment for the
whole population? A similar reference environment probksasts for nearly
any account of fithess (Abrams, 2009b), but the history spaoeeption’s
problem seems more acute because this conception makes/treneent’s
role in determining fitness relatively precise.

Applying arguments from (Abrams, 2009b) to the present &aork,
my claim is roughly that researchers in effect get to chookichwstatic
conditions are relevant to their concerns, but that hisgpgces are no less
real because of that: Evolutionary effects over distingtetiintervals count
as distinct effects and distinct explananda, any of which lsacome the
focus of investigation. Distinct effects/explananda, beer, may have dis-
tinct causes/explanations—in this case involving difféigatic environmen-
tal conditions. For example: Changes in frequencies ofsyipghe desert
insect population over a short interval (in which rain woodcur) will be
caused/explained by fitness differences relative to histpaces with rain-
excluding static conditions. Changes in frequencies olenger interval are
explained by fitnesses relative to history spaces invohatagic conditions
which allow rain. This scheme works for evolutionary effeowver intervals
short enough that none of the competing types is likely to xjoet; for
evolution over longer periods, | argue that relevant emrimental (static)
conditions are determined in a more complex way (Abrams9g0

Finally, in order for this picture to work, we need a probayitlistribution
over histories. A realist construal of organism-environinkistory spaces,
like most realist accounts of fitness, in the end needs tdweseep problems
concerning the source of biological probabilities (cf. (Alms, 2006; Abrams,
2007)). A benefit of the organism-environment history cqtiom, however,
is that it makes it clearer exactly what work biological pabbities must do.

4. Conclusion

We've seen how Ramsey’s arguments and the fact that fithessattach to
types mean that the kind of fitness that’s directly relevamtgtural selection
is static—thus challenging well-known ideas about biatagifunction and
altruism. | argued, however, that since fitness is plausgiefynable in terms
of probabilities of numbers of descendants of an organigm®,tye can define
a sense of conditional fitness in terms of probabilities denthl on the

occurrence of events in organisms’ lives. This approachtucag intuitions
about fitness changes in terms of static fitness, and presexigting ideas
about function and altruism with minimal modifications. Tiasic idea of
conditional fitness is implicit in some discussions of etioln, e.g. in life

history theory, and senses of conditional fithess have beéned for par-
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ticular models in various contexts. However, | don’t knowaoly previous
general discussion of conditional fitness.

The organism-environment history conception, which vidhes fithess
of a type as defined by a space of sequences of events—“hist@f an
organism and its environment—provides a systematic fraomevior intu-
itions about conditional fithess which is also sensitivehi® complexity of
the determinants of fitness. On this view, competing typ&se$s differences
are the result of differences in the causal structures df tistory spaces.

Full-fledged organism-environment history spaces woultbbecomplex
for practical investigation. | argued that organism-emninent histories can
nevertheless play an instrumental role analogous to Huwtohis niche con-
cept, providing unifying conceptual connections betwegarde models and
frameworks in evolutionary theory. In addition to suppogticlearer under-
standings of fithess, natural selection, biological fuordi and altruism, |
suggested that the organism-environment history cormemtn help unify
ideas concerning standard and extended versions of liferhitheory, devel-
opmental systems theory, aspects of niche constructi@hoter ideas about
development. | also outlined a more precise account of @gaenvironment
history spaces which could provide part of a metaphysicsatfiral selec-
tion. | argued that this account might help to provide comgapfoundations
for evolutionary theory, playing a role analogous to parthed propensity
interpretation of fitness.
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