


CHAPTER 3

neral, Unifying Theory of Ecology?

AGe

Jay Odenbaugh

gamuel Schein€r and Willig (Chapter 1) have provided a philosophi-
al framework for understanding ecological principles, theories, and models.
Fundamcntaﬂy, they contend that contrary to many ecologists’ views about
heir own discipline, ecology already possesses a general, unified theory. In
his essay; I first present their framework. Second, by way of comparison, I
consider the work of the population and community ecologist Robert Mac-
Arthur, MacArthur’s own work was thought of as providing unifying theo-
ics. In contrast, I argue it focused more specifically on integrative theories
and models. Finally, I expand on several points in the Scheiner and Willig

framework.

Michael

The Scheiner-Willig framework

(SW), a theory in the sciences consists of
d a domain (Chapter 1). What is the do-
the spatial and temporal patterns of
and includes the causes and con-
). Lest one think this is too

tors that affect organisms
ulations,

According to Scheiner and Willig
two elements, a set of principles an
main' of ecology? According to SW, it is
:l:c distribution and abundance of organisms,
« ocrl;::;cs ‘;_f those fCOlOgical processes (Chapter 1
loig wimd-; ocused? it includes biotic and abiotic fac
: °mmnniticgsr:l;}:; of organisms at a variety of Jevels including pop
lected on ¢h ,b P Loy The principles describing this domain are sc-

e basis of two criteria (Scheiner and Willig 2008): an inclusionary
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rule (for something to be 2 principle of 5 8iven domajy,
shared by Many constituent theories of that domajp, ) an’d € Pringjp g
an : 3

(for something to be 2 principle of a given domain, N exc'Jus1 o
domain from some other distinct domain), 5t distiy ish ﬂu:
Put simply then, something is principle of a giyep, domajp ;¢ p
an

it is shared by the constituent theories of thae domain ang . "ol
and :

constituent theories of a distinct domain, 110t shareg With
So what are the basic principles of this genera] and unifieq theory of |
¢col.

tantly, they are presenting them together, which highlights thejr role i Struc:
turing ecological thought collectively. Although ecology may appear to be ,
fairly disunified discipline, there s actually much unity undergirding varioy
theories and models. See Tabe 1.3 for their list of these unifying principles,
SW recognize that theories come in degrees of generality or abstractnegs,
They distinguish between general theory, constituent theory, and modcls
(Chapter 1). A general theory consists of confirmed generalizations that are
abstracted from facts that have been systematically tested. Using general the-

ory in addition to more concrete considerations, we can arrive at constituent
theories. A constituent theory consists of confirmed generalizations or laws,
and from them models may be derived. Finally, there are models that are ptop:

articulated and evaluated. Thus, there is

ositions by which hypotheses can be
a hierarchy of theoretical structures that become less abstract as one mOVZ‘
down the hierarchy. The principles of the general theory are listed above an
the constituent theories include succession theory, foraging theory, metapo-
ulation theory, and many others, ]
: Asa particZar cxampl():, of the SW framework, consider work on P Cd:')‘:-
prey theory. There are several general principles that can be u.scd t(:i d:::; G
stituent theory concerning predator-prey relationships t}.zat include -
that organisms interact with their abiotic and biotic cnvu'onm&31‘1;-'3;a o A
are finite and heterogeneous in space and time, and birth fHesean o
are a consequence of interactions with the abiotic and ?)mtxz cnt;c o
Let’s assume that the growth rate of the prey is dctcrmmei y N
rate of the prey population independent of the predator mmusand vy
rate of prey per predator multiplied by the number of prcdatc:rs:;t e
growth rate of the predator population is determined b)’.d’c . ; : ot apavhich
predator converts captured prey into predator births minus ber of predators.
predators die in the absence of prey multiplied b)‘r the nu.m 5. From this we
Here we have a classical theory of predator-prey mtcmc“o; : examples let’s
can derive more concrete models that may be tested by data. For
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4 Lo,_ka.voltcrra models do that the prey grows exponentially
cehef assu? * ¢ehe prey predator and prey encounter one another randomly
(- dance, the predators have a linear functional re-

ne ;
, cabsrijon co their abun e ;
1 proPOre meric Al response of the predator is a constant multiplicd by the

af d the prcdator declines exponentially in the absence

e, an
¢ with general principles, add detail that results in a

¥ heofdn d then arrive ata model only once we have added, in this
g It is crucial to note that from general principles one

ucntitative detail . :
different constituent theories and from them many different
derive mc uld have devised a different model by assuming a different type
onse for example.
found in different areas of ecology,

tlof the principles above can be
h . different ways. For example, consider principle one—

Eac

hough arti atcd n k diei : h

t e distributed in Space and time in a heterogeneous manner. In
distributed unevenly as a population over

: ecologys organisms are
they may be distributed unevenly vertically in alake or in

: cxa:nplc»

jtat. FOT al. 1996b). Likewise, in metapopulation theory, organisms
tion of populations, and their dynamics are largely
on and migration amongst distinct patches. This

controlled by 2 :
may be the €as¢ with forest patches or oceanic islands (Hanski and Gilpin
1997). Similarly, in landscape ecology, we see organisms distributed in dif-
ferent ecosystems OF biomes (Turner et al. 2001). Depending on the subdis-
cipline of interest; each of these principles can be made concrete in different
«. As another example, consider the third general principle—variation in

sults in heterogeneity of ecological patterns

way!
the characteristics of organisms re

the characteristics of interest involve

cialist; in life his-

and processes. In behavioral ecology,
different foraging strategies such as being generalist or spe
tory theory it may involve the characteristics of being an annual or perennial
plant. Finally, consider the principle that the distributions of organisms and
their interactions depend on contingencies. We can sce how this principle is
made concrete in different ways by considering the introduction of stochastic
i?:: r;‘t‘es in p.opulation ecology and in community ecology through the
h ‘; ecological drift” in neutral theories of biodiversity.
¢ fact that ecological theory is composed of this hierarchy of general

princi :
ciples, constituent theories, and models has fundamentally important im-
s, and models.

licati
gpe:itfliizlsl)f"oil; i‘;,a:;lladng general principles, constituent theorie
ling in ccol‘;gy (P enges an excessively narrow Popperian view of theory test-
tets, This does n:tcrs 1991). Suppose 2 model fails some particular test or
Yasdetived nor th t necessarily impugn the constituent model from which it
¢ general principles on which it is based. The general princi-
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work serves as an interesting case study. He too attempted to provide a frame-
.work for understanding how ecological theories relate to each other. However,
In my mind, it was not unificationist but an integrationist approach. More
on this later; first, a bt of history (for more details, see Odenbaugh 2006).
In July 1964, Robert MacArthur, Edward. O. Wilson, Egbert Leigh, Rich-
ard Levins, Leigh van Valen, and Richard Lewontin met at MacArthur’s lake-
side home in Marlboro, Vermont. The subject of their conversation was their
own research in cvolutionary genetics, ecology, and biogeography, and the
overall future of wha s termed “population biology.” Ironically, the subject
matter of these conversations was not simply population biology understood
as population genetics, population ecology, and possibly ethology. It clearly
included disciplines like community ecology, macroevolution, and biogeogra-
Phy, given the sorts of models formulated and questions asked. More im}?or-
tantly, there was a general tendency to approach these areas with mathcmau‘c:laf
theory as represented in theoretical population biology. For two days, ca
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. _1esed their work and howa “central theory” could be achieved
¢ discd 252-253)- The work that resulted from these collaborca-

. ipal
afﬂclp F . . .
{’ ailson ¥99-1 r}: :;1 ¢and changed much of evolutionary and ecological theory.
mp 0. Wilson and mentor G. E. Hutchinson wrote the

s WS’ ror E.
collabO™ after his death.

3

(o)
In - cing of MacAsthus

d as one of the founders of evolutionary ecology. It
g brought population and community ecology within
is his distl ics. By reformulating many of the parameters of ecology,

: etics into a common framework of fundamental theory,
biogeograjil’morc <han any other person who worked during the decisive
MacAf:huthc 1960s—Set che stage for the unification of population biology.

remembere
.- ction tO have

his coworkers “anify” evolution, ecology, and bio-

o Wilson and Hutchinson that he did

0.
notdos MacArthur’s

To assess
nentsof the program hean

First, MacArthur rypically

we must understand the compo-
d others articulated. Here are some of the elements.
formulated general, simple deterministic models
that lacked precision- In the terms of Richard Levins’ account of model build-
ing, precision Was sacrificed for generality and realism. This is not to say that
MacArthur modeled ecological systems realistically; rather, the desiderata of
interest wWere gencrality and realism, and precision less so. As an example of
MacArthur’s “realism,” he devised a mechanistic consumer-resource model
with two consumers and two resources, and showed how the more phenom-
enological Lotka-Volterra interspecific competition model could be derived
from it (MacArthur 1972). Second, MacArthur also cmphasizcd the ecologi-
cal process of interspecific competition as 2 mechanism structuring ecologi-
Cfl communitics. This is evident is his work on limiting similarity and species
distributions (i.e., the broken stick model). This is not to say that he did not
lork on .othcr types of processes like predation (MacArthur 1955); rather,
M:;:ﬂ::ﬁc competition played a predominant role in his thinking. Third,
ur rarely evaluated model predictions statistically. There are of course

;:;g:o?s to this rule, but mostly he and his colleagues evaluated models by
g for corresponding dynamical patterns such as stable equilibria and
nting complex math-

varj
Cma:iucsalqr’f:zld c?'clcs, Finally, he was a master at presc
o l;;:"h 8‘3}?Mcd representations (MacArthur and Levins 1967;
Present theory j a). Specifically, MacArthur used isocline analysis to not only
ry in pedagogically useful ways but also to draw interesting and

accomplishment,
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unobvious implications (Rosenzweig and MacArehy, = :
good theory. 3)a haumi:k
MacArthur and his colleagues produced a yag, ol of
involving environmental hctcrogcncity, dCHSity-dcpcn iy ercnt
mal foraging, limiting similarity, and equilibria] island biogco :ction
example of MacArthur’s theoretical work, let us cong; ey aphy, a

density-dependent selection. This is a case where MacArthy, attmoddin

tegrate ecological and evolutionary concepts that connects ¢ scv:fg:fts" m
principles (specifically principles two, five, and cight) W

. In most CV(.)lutl.Oll'ary modc.ls according to MacArthur, Population ey,
cists use 7, the intrinsic rate of increase of a Population, as a measyre of fitneg
He writes, “For populations expanding with constant birth and death rage
or some equivalent measure (Fisher used r; Haldane and Wright used ¢ which
Wright called ) is then an appropriate definition of fitness” (MacArthy,
1962).

However, as MacArthur notes, present values of » may not be reliable pre-
dictors of the number of descendants a group of individuals will have because
» is an accurate measure of fitness only if the environment is relatively stable.
One way in which the environment may be unstable is if population density
affects fitness. In fact, MacArthur writes, “to the ecologist, the most natural
way to define fitness in a crowded population is by the carrying capacity of the
environment, X.” (MacArthur 1962, p. 146). MacArthur offers the following
mathematical model. Let 7, and », represent populations of alleles 1 and 2,
respectively, and let them be governed by the following equations:

dnl/dt =f(nl, ”z) (3.1)
dﬂz/dt = g(nl, ”2) (3.2)

To understand this model, it is simplest to examine it graphically (Fig. 31) ‘

Suppose we have a Phase space where the x-axis represents the population o
allele 1 7, and the other y-axis represents the population of allele 2 7,. T};us, f
pointin the space represents the joint abundances of population.n ,and7,. “i
pose there is a set of values of 7, and 7, such that there is a solution /1 (”:;1 ”gon
0, or equivalently, dn,/dt = 0 for those values of »n,and n,. If tffc pop aula-
of ,is to the left of the  fisocline, then it will increase. Likewise, if the l;i(:fd;er
tion of 7, is to the right of the fisocline, then it will decrease. L€_t us o3
suppose that there are a set of values of n,and », such that there mda son‘;},c
&(n, m) = 0, or cquivalently, dn,/dt = 0 for those values of S ”izf::h "

5  saie Likewise, €7,

population of n,is below the g-isocline, then it will increase.
population is above the g-isocline, then it will decrease.




3.A General, Unifying Theory of Ecology?
A
K12 §2°
Ny K32
9-°
K21 Kyt
Ny
K12 f‘o C
K2
Nz

g-°

K K21 a 2
Ny ny
Figure 3.1 Density-dependent selection and competitive exclusion of alleles. From Mac-
Arthur and Wilson 1967, p- 147.

There are four different ways the two isoclines can relate to one another.
In part A of Fig. 3.1, we can sc¢ from the vector arrows that allele 1 will
outcompete allele 2. Likewise, in part B, allele 2 will outcompete allele 1. In
part C, the vector arrows show chat there is a stable equilibrium between allele
1and 2. Finally, in part D, whichever allele is more frequent at the outset will

outcompete the other.
We can now explain how this model represents both ecological and evo-
at the value K. In this

lcl::::ry features. The f-isocline intersects the axis

numb:'tc::;»'1 :lcl, ;hc population consists only of allele 1, and K, represents the

ment. In oth cle 1 homozygotes that can maintain themselves in this environ-

Likewise, th:;.'VVOrd.s, I.(u is the carrying capacity of the allele 1 homozygotes:

dllele 2 ¢he c;‘glmc L costhe xisatchevaluc Ky Ky is the number of
cp allele 1 from increasing and represents the carrying €a-
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lating many of the parameters of ecology, bi°8°0grap1-,y b
common framework of fundamental theory” We can now’ & hgencﬁ“.
approached the relations between theories, Here is another dcg: : M‘Thu, ‘
tegrating theory takes a variety of theories (differens State varjgh, ton, 4y,
cters) and combines them in their application to A variety of pj ; N oy,
supplied a variety of models that incorporated many differen, w‘:’;lena. He
A . Utio
and ecological state variables and parameters, thys taking a g, ey
integrating population biology. P towayg
The SW program differs from the MacArthur Program in thyy ;,
ily looks for common principles across ecology’s subdisciplines, Whereas th;
MacArthur program was looking for “piecemeal” connections, In fact, e o
“harmonize” the SW and MacArthur programs if we recognize tha both are
emphasizing different parts of the theoretical hierarchy. SW have worked hard
in identifying the key general principles that constituent theories and models
share. MacArthur spent most his time attempting to articulate novel constiry.
ent theories and more specifically models for understanding the distribution
and abundance of organisms. Thus, unification and integration are regions
along a continuum. Unification is largely to be found at the most abstract level
of the theoretical spectrum. Integration, on the other hand, is to be found at
the level of constituent theories and models, These two features of theoretical
structures are points of emphasis and are complimentary. :
Having said this, MacArthur at times was clearly engaged in the same proj-

ect as SW. MacArthur most famously wrote,

Science should be general in its principles. A well-known ecologist remarked
that any pattern visible jn my birds but not in his Paramecium would not be
interesting, because, [ presume, he felt it would not be general. The theme
running through this book is that the structure of the environment, the ﬂ'fo"‘
phology of the species, the economics of species behavior, and the dy'namlcs
of population changes are the four essential ingredients of all intcrcsun’g
biogeographic patterns, Any good generalization will be likely to build i

all these ingredients, and a bird pattern would only be expected to look like
that of Paramecinm if birds and Paramecium had the same morphology,
cconomics, and dynamics, and found themselves in environments of the same
structure. (MacArthur 1972, p.1)

Clearly, MacArthur believed that there were general principles comfcmuf
morphology, economics, and dynamics that would be made concrete in 5;
sibly different Ways in different constituent theories and models, depending

on the taxonomic group under study.
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Elaborating on the SW program

Jgain to the SW program. First, how do we distinguish be-
cituent theory, and models? Are they different in
mighe argue is that they are not different in kind

gind Of antinuo usly along some dimension. For example, a principle is more
but vary C:n another when the former’s domain is a superset of the former’s do-
gencs vers clya domainisaproper subset of another. However, one might
main; OF € hat SETUCTUEES differ in kind. For example, itis customary to believe
comprisc 4 small set of nature‘ll la’ws. Consider Newtonian mechanics

1 i¢s three 1aWs of motion and gravitation as familiar case in point. Models,
withits her hand,are often thought of as not consisting in natural laws at all;
on the :hc)’ are idealized representations of natural systems without natural
rathcfl’f s is so, then cheories and models are distinct. So, there is a general
Jaws:  sbout how these different sorts of structures relate to one another.
nd, biologists make much out of the notion of contingency, and SW
ple three. However, what is “contingency”? In what sense it is 2

is much work to be done clarifying the

logical patterns? There
cy in ecological theories. Here is one way of construing con-

Yis contingent on a causal variable X to the degree
in values of X greatly change values of Y. Of course, this is
just sensitivicy €O initial conditions—a species of nonlinearity—and there are
various quantitative measures of it. Morcover, we could generalize with regard
t0 amultivariable system where small changes in a set of causal variables X, X,

change in the effect variable Y. In the way that I have

X, 90X lead to a large
characterized contingency, it is not a cause of anything; rather, it is a pattern

concerning causes and their effects.
Third, SW claim that evolution causes the ecological properties of spe-

cies. As the eminent ecologist G. E. Hutchinson (1965) argued, ecology is
the theater of the evolutionary play. Put less metaphorically and only in terms
of natural selection, ecological processes create selective regimes. These eco-
logical processes cause or determine mechanistic or proximate differences in
reproductive success. One way of construing SW’s insight is that they are in-
sisting that current ecological processes are in play because of past evolutionary
Elr::ssd:'t Hutchinson's idea can then be coupled to this proposition with .thc
Processes f;:”” ¢ evolutionary processes are m play because cff past ecological
are SPad;;Cmus’ EL Op.crly understood, ecological a.nd evoh‘mo.nary pr.occs;cs
tween cc010gi}::1r imtcrdfpcndcnt. Thus, there is a crucial interaction e
Finally, V"l'lcrcacil cvolutionary processes. ;
oes ecosystem ecology fit in the prescrl

¢ us 1OV e
Lot eral cheory, cons
qween B ree?One thingone

qucstio

Seco
dosoin princi
cause of the €0
role of contingen

tingency. AD cffect variable
that slight changes

bed domain of the
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Jbundance and distribution of organisms? The domain of ecosysye

is roughly the cycling of nutrients and flow of energy. For cxample m e
ecologists focus on the nitrogen and carbon cycles or gross ang net py
production. One could and some do argue t-hat ccosystem ecology ,caﬂma"y

is biogeochemistry and not ecology per se since organisms—the cumn);iust

ecology and other biological sciences—have disappeared from ghe SCic);of

(Cooper 2003). However, in my view, this would inject a bias in fayo, ofpg ce

lation and community ecology and the history of ecology has been Ehse onf :d
with ecosystem ecology just as much as these other disciplines, In fat, histo.
rians of ecology have spent more time writing about ecosystem ccology thay
about population or community ecology. I am unsure of why this is, but jt i
an interesting fact about the history, or historians, of science.

If ecosystem ecology is a genuine branch of ecology as I have suggested
that it is, then this is where an integrative framework is important since it can
couple energy flows and nutrient cycles with food web dynamics for example,
Of course, there may be even more general principles one can provide that
bring ecosystem, community, and population ecology together.

Conclusion

In this essay, I have presented the SW unification framework and have also pre-
sented a similar though importantly different integrative framework through
the work of Robert MacArthur, Importantly, unification concerns finding the
most general principles of a domain, and integration consists in bringing to-
gether different constituent theories and models. However, unification and
integration are complementary because they concern different regions of the
theoretical hierarchy. I also considered some specificelementsofthe SW frame-
work including the notion of contingency, the relationship between ecology
and evolution, and the place of ecosystem ecology in their general principles.

Whether SW have provided a complete account of the unifying principles of
ecology or not, they have certainly made an excellent and productive start.
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