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Abstract

Ecological neutral theory has been controversial as an alternative to niche theory for
explaining community structure. Neutral theory, which explains community structure in
terms of ecological drift, is frequently charged with being unrealistic, but commentators have
usually not provided an account of theory or model realism. In this paper, | propose a
framework for comparing the “realism” or accuracy of alternative theories within a domain
with respect to the extent to which the theories abstract and idealize. Using this framework |
argue, contrary to most previous commentators, that neutral and niche theories are similarly
realistic. Realism cannot provide a basis for accepting or rejecting either type of theory;
instead, community ecologists should continue working with a plurality of models. While
theoretical unification may become possible, we should treat a plurality of complementary,
partial models as the expected situation within community ecology.

Keywords: Ecological drift, ecological equivalence, Hubbell, modelling, abstraction,
idealization
1. Introduction

There are two major strategies for explaining the structure of ecological
communities.* Traditional explanations of community structure appeal to the niche and
niche-related processes such as resource partitioning and interspecific competition. The
second strategy—a more recent and controversial theoretical development—is to explain
community structure by appeal to neutral dynamics. The most influential neutral theory and
my focus in this paper is Stephen Hubbell’s Unified Neutral Theory of Biodiversity and
Biogeography (UNTB), published as a book in 2001. Neutral theories appeal to events such

as birth, death, and migration, which are assumed to occur with equal probability for

! Ecological communities consist of the interacting populations of multiple species inhabiting

a given location or type of environment.



organisms of any species, to explain community change. Neutral theories importantly do not
represent competitive differences among organisms. Thus, they model community structure
as undergoing ecological drift, i.e. fluctuations in population numbers that occur
indiscriminately or irrespective of fitness differences.

The neutral framework generated controversy among ecologists. Many found it very
surprising that a theory that fails to represent ecological properties of organisms (such as
differential use of resources) can accurately reproduce important structural properties of
some communities. A lot has been written comparing niche and neutral theories, sometimes
with a view to either testing the neutral theory, interpreting its core assumptions, or providing
justification for its use (McGill 2003; Chave 2004; Leibold and McPeek 2006; Leigh 2007;
Rosindell et al. 2012; Munoz and Huneman 2016). A major concern of many such
commentators has been the belief that neutral theory is highly unrealistic. For example,
ecologists have written papers addressing questions about UNTB such as “why a model
whose principal assumption looks so evidently false still deserves consideration” (Chave
2004).2

As suggested by these comments, some community ecologists are concerned about
theory or model realism, meaning roughly representational accuracy. The literature on theory
realism in ecology is strongly influenced by Richard Levins’ classic argument that realism
trades off with other properties of a theory such as generality (Levins 1966; Levins 1993;

also Orzack and Sober 1993; Odenbaugh 2003; Weisberg 2006; Elliott-Graves 2018). A

2 In this context, “theory” and “model” are used interchangeably. The “evidently false”
assumption referenced in the quote is the assumption of ecological equivalence, which |

discuss in Section 6.



recognized problem within this literature is that Levins and others sometimes use “realism”
and related terms unclearly or inconsistently. Thus, there is a need for a clear account of how
to assess theory realism in ecology. Such a framework is given by this paper.

It should be noted that I use the term “realism” in this paper only in the modelling
sense. | take this model property to be distinct from and likely orthogonal to the issues in the
core scientific realism literature, e.g. issues about truth and reference. To illustrate, it could
be that a model’s terms refer to “real” objects, yet the model is highly idealized and therefore
fails to be an accurate (model-realistic) representation of a system. Or, it could be that a
phenomenological model very accurately (model-realistically) captures the dynamics of a
system, yet does not contain terms referring to many “real” components of the system. In
what follows, I will use “real” and “realistic” only in the modelling sense.

In this paper | propose to evaluate realism in this sense with respect to abstraction and
idealization. Abstraction is leaving out detail from a theory, while idealization involves
distortion of a representation relative to its target (Jones 2005; Godfrey-Smith 2009; Elliott-
Graves and Weisberg 2014; Levy 2018). | will compare niche and neutral theories with
respect to how they abstract and idealize in order to argue that they are similarly realistic
theories (or similarly unrealistic, depending on one’s perspective). In my discussion, |
respond to several authors who claim that niche theory is more realistic, and | also respond
to Jay Odenbaugh (forthcoming) who argues that UNTB is more realistic.

My argument has several implications for ecological theorizing and for philosophical
views about model pluralism and unification. A direct upshot is that realism cannot be used
to choose between these theories. Instead, my analysis suggests that community ecologists

ought to continue working with a plurality of theories in order to represent different facets of



communities. Niche and neutral theories should be seen as complementary rather than as
competing frameworks (or research programs: see Bausman 2019). Although theoretical
unification may ultimately be possible, the persistence of multiple complementary models
should be treated as the expected outcome, not as a failure. | further explore these themes at
the end of the paper.

The discussion is organized as follows. In section 2 | propose a framework for
assessing theory realism based on how theories abstract and idealize. In sections 3 and 4, |
present niche and neutral theories, respectively, in more detail. In sections 5 and 6, | evaluate
niche and neutral theories for realism using my framework. | argue they are similarly realistic
theories. Finally, | conclude with a discussion of the implications of my argument for

thinking about pluralism and unification in community ecology.

2. Framework for Assessing Theory Realism

In this section | develop a framework for assessing the realism of ecological theories.
The literature about UNTB and realism focuses on the theory’s putatively false assumptions
and its omission of certain ecological properties of species. The focus on what is omitted
from UNTB suggests that it is appropriate to interpret the discussion of theory realism in
terms of abstraction and idealization.

Abstraction and idealization are central to modeling practice and both involve leaving
stuff out from models. Specifically, abstraction is omitting detail from models, while
idealization involves deliberately distorting or fictionalizing a model relative to a target
system, often though not necessarily in a way that simplifies the model (Jones 2005; Godfrey-
Smith 2009; Levy 2018). Thus, leaving out the atmosphere from a model of the earth is an

abstraction, while modelling the earth as a perfect sphere is an idealization. In this section |
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will show how abstraction and idealization relate to realism. In the remainder of the paper, |
will utilize the concepts of abstraction and idealization to refine our understanding of UNTB
and to assess claims about its realism.

Everyone should agree that highly idealized models are less realistic representations
compared to less idealized models of the same phenomena, all else being equal (Wimsatt
2007; Godfrey-Smith 2009; Potochnik 2017; Levy 2018). This is because idealization, by
definition, involves the distortion of a model relative to its target. While philosophers have
recognized the connection between idealization and realism, this connection has not
frequently been exploited for evaluating biological theories such as UNTB.

The relationship between abstraction and realism is more complex. There are a few
ways one might approach this relationship. First, one might think that leaving out certain
details from a model does not affect or even improves the representational accuracy of a
model. This is the approach of Jay Odenbaugh (forthcoming) and of Michael Strevens (2004).
These philosophers emphasize the representational value of eliminating explanatorily
irrelevant variables from proposed models or explanations. The idea is that models that
abstract away from extraneous detail will be more faithful representations of which core
processes explain a phenomenon.

A contrasting position is the view that a model that is highly abstracted compared to
another model is less realistic. On this view, realistic models must capture a certain degree
of detail—perhaps causal or mechanistic detail—about the structure of a system. This
perspective is held by many ecologists, for example: “In ecology there is also a preference
for specific, typically small-scale and detailed models, perhaps because these are more

practical to construct in a way that is satisfactory from a realist perspective” (Wennekes et



al. 2012, 260, emphasis added). According to these ecologists, they tend to view detailed
models as both more realistic and more desirable.

The two presented viewpoints on the relationship between abstraction and realism
need not be in conflict; rather, they represent the distinct emphases of different authors. That
is, the cited philosophers focus on the problem of eliminating irrelevant factors, while some
ecologists focus on the challenge of including enough ecological detail in models. These
goals are not mutually exclusive. For the purpose of evaluating ecological theories, | will
take the position that abstraction relates to realism in the following way: realistic models
balance the two factors just cited. Thus, a realistic model achieves a balance between (A)
representing a target system with adequate detail while (B) omitting details that are not
explanatorily relevant to a target.

How much detail counts as adequate will depend on many situational factors,
including disciplinary norms, as well as empirical facts about how many factors are
explanatorily relevant to a target phenomenon. It is also likely not possible to assign an
absolute degree of realism to a model. So, | assume that assessments will always be made
comparatively. As in the case of community ecology, if we have a pair of theoretical
frameworks applied to a given domain, we can compare the extent to which they idealize,
and how they balance the abstraction desiderata (A) and (B). In some cases, models will be
too dissimilar to be usefully compared along these dimensions. However, | will show that
relatively straightforward comparison is possible between neutral and niche theories.

With respect to abstraction, different commentators on UNTB have implicitly
stressed either (A) or (B). Thus, some ecologists have argued that UNTB is less realistic than

niche theory because UNTB is putatively more highly abstracted, i.e., they claim it does not



represent systems with adequate detail as per condition (A). In contrast, Jay Odenbaugh has
argued that UNTB is more realistic than niche theory, because he thinks that niche theory
includes non-explanatory details, i.e., it fails on condition (B). | will argue against both of
these claims. Both UNTB and niche theory satisfy conditions (A) and (B) similarly well (or
similarly poorly). So, I conclude that UNTB and niche theory are similarly realistic.

In what follows, | will give a more detailed overview of the theories, and then I will

evaluate them with respect to abstraction and idealization.

3. Niche Theory

I begin with niche theory, since it has historical precedence. Loosely speaking, a
species’ niche is its place or role within an ecological community. The niche has been
conceived slightly differently by ecological theorists over time, but remains an explanatorily
central concept.® For the purpose of this discussion I focus on resource conceptions of the
niche: a species’ niche is the sum of resources it utilizes or requires (Hutchinson 1957;
Griesemer 1992).

In ecological theory, the way niche space, or available resources, are allocated among
species is thought to be a key driver of community assembly. Niche theorists expect that the
way species differently utilize resources should drive different patterns of abundance. For

example, a species that utilizes an abundant food resource is expected to be more abundant

3 For example, Grinnell (1917) describes the niche in terms of habitat needs; Elton (1927)
describes the niche in terms of trophic functional roles; Chase and Leibold (2003) describe
the niche in terms of reciprocal interactions between the species and its environment. These

conceptual developments do not make a difference at the level of this paper’s discussion.



(all else being equal) than a species that utilizes a scarce food resource. Species that require
similar resources are expected to be under intense competition, which will affect their relative
abundances. Thus niche phenomena are thought to explain various community level patterns
such as why certain species can or cannot coexist; the geographic ranges of species; and
properties of communities pertaining to the relative abundances of species.

While all niche models share this general perspective, there is not a single “niche
theory.” Rather, “niche theory” refers in the collective to any niche- or competition-based
models of communities.* The feature that these otherwise heterogeneous models share is the
assumption that species-specific properties drive community dynamics.

Here | will make a brief digression to address a concern raised by some philosophers
about the niche concept. James Justus has argued that the niche concept is too heterogeneous,
disunified, and unclear; and that it does not play a central role in actual competition-based
models of communities. So he thinks the niche concept is problematic (Justus 2019). | don’t
agree with Justus’ position, but arguing for this is beyond the scope of this paper. If you share
Justus’ concerns, you can read my discussion about niche models throughout this paper as
referring to competition-based models. Because my main aim in this paper is to compare two
modelling approaches, rather than to reconstruct the concepts underlying the models, it
should not make a difference to my argument whether you accept the niche concept. | will
continue to use the standard terminology of referring to competition-based and resource

partitioning models collectively as “niche models.”

4 “Niche theory” might be read in an even broader sense, to mean all ecological thought
related to the niche. For the purpose of this paper, | restrict my discussion to niche-related

models of communities.



An influential principle derived from niche or competition theorizing is the principle
of competitive exclusion, which states that species with the same (realized) niche cannot
coexist indefinitely.> Relatedly, the evolution of niche differentiation is taken to explain why
otherwise similar species, such as different species of related songbirds, can coexist in the
same region.

A challenge for niche theorists has been whether the core prediction of competitive
exclusion holds up across ecological systems. If competitive exclusion fails to occur in some
systems, this would suggest that niche-theoretic explanations fail to capture all the processes
that drive community structure. This is relevant to our assessment of theory realism since it
pertains to the inclusion or omission of explanatory factors.

The empirical evidence for competitive exclusion has been mixed, a fact that has
motivated the development of alternative neutral models. Evidence in favor of competitive
exclusion has been obtained from a limited number of systems that are relatively simple to
experiment on. A classic source is the experimental work done by G. F. Gause on
Paramecium and Stylonychia, during which one species always displaced the other over time
in laboratory flasks (Gause 1934). A case often cited in contemporary textbooks is that of
two species of acorn barnacle, where one species was shown to restrict the realized range of
the second species to the upper part of the intertidal zone due to the former’s superior
competitive ability in the rest of the intertidal zone (Connell 1961a; Connell 1961b). This
case was ideal for study due to the easy experimental manipulability of sessile barnacles.

However, there are other cases that are prima facie counterexamples to the principle

of competitive exclusion. The classic discussion of this is G. E. Hutchinson’s (1961) “The

® An important early statement of this principle is due to G. F. Gause (1934).



Paradox of the Plankton,” in which he describes the apparent violation of competitive
exclusion by the huge numbers of ecologically similar phytoplankton species that
simultaneously occupy large bodies of water.® A more recently discussed case involves two
genera of North American damselfly. These damselfly genera, Ischnura and Enallagma,
exhibit a trade-off between growth and predation risk at the genus level. More specifically,
Ischnura grow more efficiently but Enallagma better avoid predators (Leibold and McPeek
2006). This is at first glance the sort of ecological differentiation that is predicted under niche
theory. However, the species within each genus are extremely biologically similar (aside
from their reproductive isolation), and multiple species within each genus can occupy a given
lake at the same time. The authors propose that “each genus [could] essentially operate as a
separate functional group within the food web, with the ecological dynamics of the food web
regulating the total number of Ischnura and Enallagma individuals, respectively, and not the
abundances of each species separately” (Leibold and McPeek 2006, 1405). In their view, the
species with each genus fail to exhibit ecological differentiation, contrary to the prediction
of the competitive exclusion principle. It would be difficult to overstate how surprising this
case looks from the perspective of traditional niche-related thought.

Further research will no doubt continue to contribute to the understanding of how
often competitive exclusion holds in nature. However, conducting experiments within real
communities to investigate this has been challenging. One problem is that while one can
directly manipulate the species present in a community, it is more difficult to directly

manipulate the occurrence of a process such as competition. A second challenge is that

® Hutchinson does propose a niche-theoretic solution to the apparent problem in the paper,

although I’'m unsure whether the solution should be considered adequate.
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different theoretical explanations (e.g., competition versus drift) can predict similar
outcomes. Thus, in some cases in which the predicted outcome of competitive exclusion
appears to have occurred, the outcome could be explained by a process other than
competition. This makes it difficult to discriminate between processes on the basis of
observational data, a well-known challenge among community ecologists. A third challenge
has to do with providing sufficient evidence for the absence of a process. A committed niche
theorist might feel that they have adequate theoretical justification for believing that
competitive exclusion always occurs, so there must be some ecological differentiation not
yet discovered among species in cases that are apparent violations of the principle. Thus,
there is a general evidentiary question about how to show that a certain process is not
responsible for a given outcome.

Consider the second challenge in more detail. For a majority of studied communities,
we only have data about community patterns or outcomes. To illustrate, we might observe
that ecologically similar species fail to occupy the same islands in an island chain. This
observation, while compatible with the past occurrence of competition, does not entail that
competition produced the outcome. For example, the pattern could be explained by historical
dispersal routes rather than by a competitive process. As a result, observing the pattern fails
to either confirm or disconfirm a niche-based explanation. The ecologists working on
contemporary community theory have appreciated the importance of this problem, which
might be described as the underdetermination of processes by patterns (my phrase, but see
Du et al. 2011; Rosindell et al. 2012). In light of this underdetermination, some ecologists
have investigated whether alternative models can predict observed patterns as well as

traditional niche models.
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To summarize, some communities have structures that appear to violate key
expectations of niche theory, and it is often difficult to obtain direct evidence that competition
is responsible for shaping community structure. Thus, there is reason to suspect that niche
theory may exclude some important processes generating the structures of some
communities. Among other considerations, these have motivated the development of neutral
theories in ecology, which attempt to explain community structure without reference to

niche-based processes. | turn to an important neutral theory in the next section.

4. Ecological Neutral Theory

In the 1990s, some ecologists departed from the niche tradition and proposed neutral
models of community assembly. These models treat biodiversity patterns as outcomes of
stochastic and neutral (i.e., indiscriminate or fitness-indifferent) processes rather than of
competition. In these models, species-specific differences among organisms are treated as
irrelevant to community dynamics. The most influential such work, and the one | will focus
on in this paper, is Stephen Hubbell’s (2001) Unified Neutral Theory of Biodiversity and
Biogeography (UNTB).

Hubbell’s theory is a mathematical framework for predicting community and
metacommunity composition. Note that in UNTB, different trophic levels must be treated
separately, so the communities picked out for the purpose of this theory consist of organisms

within a single trophic level.” Examples of trophic levels are primary producers (e.g., plants)

" A reason for this restriction is that UNTB treats communities as saturated with individuals,
such that one individual being in a given spot excludes any other individual. This makes

sense as an approximation for the behavior of trophically similar organisms (e.g., trees), but
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and herbivores. Traditional niche theorists would expect there to be a great deal of niche
differentiation within a trophic level. The surprising feature of UNTB is that it does not
represent any of this niche differentiation.

UNTB represents communities in the following manner. First, communities are
modeled as a saturated grid of individuals. The theory makes a zero-sum assumption that one
individual must die in order for a new individual to enter the community. Individuals can
enter a community by migration (from the surrounding metacommunity) or via reproduction
of nearby organisms. Second, the diversity structure of a community (e.g., the relative
abundances of species) is treated as resulting solely from individual-level events. The
possible events in UNTB are death, reproduction, dispersal, and speciation. In UNTB,
speciation consists simply of an individual leaving an offspring with a new species identity.
Speciation must be included in the model in order to replace species that go extinct, which
occurs when all of a species’ members die without reproducing. UNTB attaches a probability
of each of these events to each individual, with the result that the community undergoes
stochastic drift over time. The third and most important feature of UNTB is that it treats
organisms of different species within the community as being “ecologically equivalent.”
Quantitatively, this means that all individuals have equal probabilities of undergoing events
like death and reproduction. Biologically, this means that UNTB treats species membership
or species-specific properties as conferring no competitive advantage or disadvantage to

organisms. The speciation rate in UNTB will influence the species richness predicted by the

not for trophically dissimilar organisms like a tree and a bird that do not occupy the same
physical spaces in a forest. Restriction to a trophic level is not unusual—many ecological

studies and models focus on a single trophic level.
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model, but species identity confers no advantage to an individual. The controversial feature
of UNTB is that all features of community structure are explained within this neutral
framework that ignores competitive differences among organisms.® This is a major way in
which it departs from niche models.

UNTB has generated controversy since it was first developed. Ecologists were
initially surprised by how well this theory can predict structural features of some
communities. The theory has generated controversy because many ecologists have claimed
that it is less realistic than niche theory because it leaves out ecological differences among
species. Some ecologists view realism as a key theoretic virtue, and based on this they prefer
niche models over neutral theory (see Wennekes et al. 2012). In the following sections I look
more closely at UNTB to see whether this claim about realism is warranted. | will argue that

neither UNTB nor niche theory has a clear advantage with respect to realism.

5. Abstraction
First I will show that UNTB and niche theory are similarly realistic with respect to
the detail they include and omit. Recall that there are two ways abstraction hooks up to
realism:
(A) Realistic theories represent a system with adequate detail to explain the target

phenomena.

& There is some analogy to evolutionary drift, but a close parallel with evolutionary theory
should not be assumed. Hubbell developed UNTB primarily as an extension of another

neutral ecological theory, the Theory of Island Biogeography (MacArthur and Wilson 1967).
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(B) Realistic theories omit details that are not explanatorily relevant to the target
phenomena.
My conclusion will be that often, both drift and competition contribute to explaining
ecological community structure.® Because traditional niche theories leave out drift, and
UNTB leaves out competition, both theories omit a major explanatory factor, while neither
includes an irrelevant factor. So, they are similarly realistic (or unrealistic) theories.
Ecologist Paul Wennekes and coauthors view UNTB as less realistic than niche
theory in virtue of their view that it is both more abstracted and more idealized than niche
theory.° First, they claim that UNTB makes false (i.e., idealizing) assumptions. They argue
that this makes UNTB less realistic than niche theory, but that the use of UNTB can be
justified from a predictive or pragmatic perspective. I will return to this issue about UNTB’s
main idealizing assumption in the next section. Second, they claim that UNTB is less realistic
in part because it omits individual-level detail:
Niche-assembly is in itself a more realist theory than neutral theory; it focuses
on detailed interactions between individuals and species and from this ‘real’
base builds up a picture of the ecological community as a whole. Neutral

theory partly works top-down: local community structure is determined, to a

® You might think that some additional processes also importantly influence community
properties—for example, evolution. While this paper focuses on drift and competition, it is
compatible with my arguments that other processes are also important. UNTB in particular
relies on the inclusion of speciation and migration, though both are treated in a highly
idealized manner.

10 Eraming this in terms of abstraction and idealization is my interpretation of their argument.
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considerable extent, by processes at the metacommunity level. (Wennekes et
al. 2012, 266)
Thus, they link individual-level detail with realism; they hold that abstracting from individual
details results in a less realistic model.

The cited authors draw a contrast between top-down and bottom-up explanation.
Bottom-up explanation contains individual-level causal detail, while top-down explanation
abstracts away from this detail and explains a phenomenon in terms of larger-scale processes.
While potentially a good distinction, its application to UNTB is misleading. It is true that
UNTB can represent larger-scale metacommunity dynamics, while traditional niche theories
are limited to local communities. However, this is not because UNTB is a less individual-
based or a less mechanistic theory.

UNTB represents (meta-)communities at the level of individual organisms.
Community structure is then predicted as an outcome of demographic and dispersal events
affecting each of these individuals, e.g. individual trees leaving offspring. This is clearly a
mechanistically explicit, individual-level explanation. This is not top-down explanation if
“top-down” means that the theory abstracts away from individuals.** Thus, UNTB illustrates
that it is possible for a theory to apply to larger scales but still represent details at the
individual level.

In fairness, UNTB abstracts away from most of the properties of individual
organisms. UNTB tracks species membership but not the physiological properties of

individuals, for instance. However, the same is true of most ecological models, including

11 Also see Levy (2018) for a similar discussion of individual-based population models and

abstraction.
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niche-based models, which for the sake of tractability leave out idiosyncratic properties of
individual organisms. So, there is not any major contrast here.

In addition to considering the inclusion of individual-level detail, we can consider
abstraction at the level of processes included in the models. There is a huge number of
processes occurring in any given community—nutrient cycling, natural selection, succession,
facilitation, circadian rhythms, erosion, etc.—and ecological models must omit most of these
and focus on only the most seemingly relevant to given phenomenon. Due to the causal
complexity of ecological systems, we can expect ecological models to leave out a lot of
potentially relevant processes. This applies equally to niche and neutral theories.

As previously discussed, some philosophers have emphasized that excluding
unneeded detail can make a model more realistic. Models that represent too many processes
at once suffer from various tractability problems, but what’s more important here is that they
become less realistic if they fail to pick out those processes that are most relevant to an
outcome. From this perspective, Jay Odenbaugh (forthcoming) argues that UNTB is more
realistic than niche theory because he argues niche differences fail to be explanatory of
community structure. | will summarize and respond to this argument.

To support his position, Odenbaugh appeals to an account of causal relevance. This
account states that for “a pair of models which differ only with regard to an assumption
concerning [whether] a causal factor C is present, takes a non-zero value, etc. C is causally
irrelevant to our prediction if adding or removing C from our model doesn’t alter whether
the prediction is implied” (emphasis in original). This test for causal relevance applies to a

pair of models that are very similar but differ with respect to the inclusion of a causal factor.
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Intuitively, if eliminating a causal factor from a model results in equally good predictions
about an outcome, then that extra factor may not be causally relevant to the outcome.

Appealing to this causal relevance framework, Odenbaugh claims that UNTB
accurately predicts the relative abundance structure of a community without including niche
differences. So, he thinks that niche differences are causally and explanatorily irrelevant to
community structure. He concludes that UNTB should be seen as supplying realistic
explanations of community structure.

I have several reservations about this argument as applied to neutral theory. There is
a background issue about how theories of community assembly should be evaluated. As
Odenbaugh also recognizes, testing work needs to bear in mind the distinction between
neutral theories or models—that explain outcomes in terms of a process of drift—and null
models—simplified models that are used to statistically test whether a target model supplies
a good causal explanation for some data. UNTB is a neutral mechanistic theory of community
structure that cannot generally be treated as a null model for the purpose of statistically testing
competition-based models. Rather, UNTB itself should be tested against an appropriate null
model (Gotelli and McGill 2006; Bausman 2018; Bausman and Halina 2018). Odenbaugh
agrees that UNTB should not be treated merely as a null model by ecologists.

However, this raises questions about the comparison procedure proposed by
Odenbaugh. The causal relevance framework utilized by Odenbaugh is most informative
when a model is designed to be a simplified or null version of another model for the purpose
of testing causal structure. When working with two dissimilar types of model, as in the case
of neutral versus niche models, comparing predictive accuracy is not a viable way of

assessing causal relevance. To illustrate why, consider the well-known fact that highly
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simplified, idealized, phenomenological models can sometimes produce excellent
predictions, but this cannot be taken to show that few causal factors are at work at a
mechanistic level.

A key point is that UNTB is not a simplified niche model. Instead, UNTB and
traditional niche models are mathematically and conceptually dissimilar types of model. This
means it is not appropriate to test for causal relevance by comparing their predictive accuracy.
The predictive accuracy test assumes that models differ only in respect to the inclusion or
omission of one causal factor, an assumption violated by many pairs of community models.
In such cases, there is no way to eliminate the likelihood that other incidental structural
differences between the models partially explain their predictive differences.

A second point is that neither UNTB nor niche models can be privileged as causally
simpler in terms of the number of processes included in the model. Neutral models capture
drift and, in the case of UNTB, migration and speciation (treated neutrally), while excluding
competition or resource partitioning. Traditional niche models capture competition or
resource partitioning while excluding drift (and also usually speciation).'? So, since the
model types differ from each other in multiple respects, it is unclear what we should conclude
from a comparison of predictive accuracy. A more appropriate comparison would be between

a niche model and a structurally similar hybrid model, or between a neutral model and a

12 Because UNTB includes speciation and traditional niche models don’t, you might
conclude that UNTB includes more processes and is more realistic. The reason I have not
argued for this interpretation is that in UNTB, speciation is not treated in a mechanistically-
explicit or realistic manner; it is an instantaneous and fitness-indifferent event. For this
reason, it seems ambiguous whether speciation counts towards the theory’s representational

realism.
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structurally similar hybrid model (where a hybrid model represents both niche-related
processes and drift). Hybrid models do exist, and if a structurally similar hybrid model made
predictions about community structure no better than UNTB, that might constitute evidence
that niche mechanisms are not active in a particular context.> My main reservation here is
that hybrid models are an even newer development than neutral models, and it seems likely
that the predictive accuracy and realism of all model types will continue to improve into the
future, making any current comparison seem premature.

My argument assumes that drift can be treated as a process on par with competition.
If one assumes that drift results from the absence of positive forces or processes, then it is
true that UNTB and niche models differ from each other in mainly one respect (setting aside
speciation). The latter position is assumed by Odenbaugh’s argument (personal
communication). Although I cannot here offer a general account of what counts as a process,
I will give some reasons for considering ecological drift a prima facie process. First, UNTB
represents drift in a mechanistically explicit way, as resulting from birth-death-reproduction
events. Second, treating drift as the absence of a process may imply that non-neutral
processes are automatically explanatorily privileged, but this presupposition could be in
tension with empirical facts. Third, interpreting neutral models as representing the absence
of niche processes invites the incorrect view that they function merely as null models for
competition models. Fourth, biologists tend to use the term “process” liberally, including

sometimes referring to drift as a process (e.g., Vellend 2010). (While not decisive, | assume

13 Given the complexity of ecological modelling, evidence gained from comparing models’
predictive accuracy needs to also be weighed against more direct forms of empirical evidence

as obtained by field experimental and observational data.
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that the burden of proof should be on philosophers who claim that scientists use terms
incorrectly.) Fifth, philosophers have argued persuasively that genetic drift should be treated
as a process in the evolutionary context, and | expect that similar arguments can be made in
the ecological case (Millstein et al. 2009; though cf. Lange 2013).

Certainly none of these reasons are conclusive, but | believe the burden of proof is on
those who would treat drift as the absence of a process for the purpose of evaluating
biological models. In addition, given that Odenbaugh’s argument relies on a substantive
ontological position about the nature of drift, his argument must be considered at least as
inconclusive as that ontological position.

| grant that it would be of interest if there were one community model that clearly
outperformed all of the others in terms of accurately reproducing diversity patterns across
real communities. However, this does not seem to be the way community ecology is heading.
Neutral models have been found accurate in tests on some community types (including some
tropical rainforests, Hubbell’s main system) but not on other community types, where niche
or hybrid models perform better (Tang and Zhou 2013). Based on both empirical tests and
theoretical considerations, many ecologists now think that communities which are
predominately neutral or niche-governed represent ends of a continuum, with many
communities importantly influenced by both (Gravel et al. 2006; Chase and Myers 2011). In
addition, it is likely that different processes predominate at different spatiotemporal scales.
Given this, it would be remarkable if a single model were to emerge in the near future that
was clearly predictively superior to existing frameworks across all communities and scales

of interest.
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UNTB and niche models are all partial treatments of communities that have achieved
a level of predictive success. Importantly, there is antecedent experimental and observational
evidence that competition is sometimes relevant to structuring communities.** Even the most
spectacular predictive successes of UNTB cannot be taken to override empirical evidence
that competition influences some communities. So, neutral and niche models are not in
competition to be the most realistic theory; instead, they are complementary in the sense that
they each emphasize an important process. With respect to abstraction, presumably neither
of these theories includes irrelevant detail, while each theory omits at least one important

process, rendering them both comparably unrealistic according to this criterion.

6. ldealization

As stated earlier, idealization involves distorting a model relative to its target system.
Idealization is inversely related to model realism. Many ecologists have thought that UNTB
is far more idealized than niche theory. In this section | clarify the nature of UNTB’s most
prominent idealizing assumption in order to evaluate the extent to which it renders UNTB
unrealistic.

The noteworthy assumption is that all organisms are “ecologically equivalent” or lack
competitive advantages. Many ecologists have commented on the apparent falsity of the
assumption (e.g., Chave 2004; Leigh 2007; Wennekes et al. 2012). Hubbell himself has
opined that “the deepest puzzle raised by neutral theory is why it does as well as it does
[predictively], despite its radical assumptions,” referring to ecological equivalence (Hubbell

2006, 1387-88). Many ecologists worry that this “radical” idealizing assumption conflicts

14 See MacArthur (1958) for another classic example.
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with commonsense ecological knowledge about species’ differences. However, there has
been some confusion about how to understand the assumption that has led to premature
criticisms of UNTB.

There are several ways in which “ecological equivalence” might be interpreted. I have
ordered them from what are intuitively stronger to weaker potential understandings of
“equivalence.” This is likely not an exhaustive list, but is illustrative of relevant alternative
interpretations.

(1) All individuals under consideration are functionally identical.

(2) All individuals under consideration belong to species with the same ecological niche.

(3) All individuals under consideration have the same probability of demographic and

dispersal events.

Among these alternatives, UNTB only requires something like interpretation (3). That is,
models of UNTB assign the same probabilities of demographic and dispersal events to all
individuals, regardless of species. To clarify, at the population level, different species will
have different chances of, say, going extinct by a given time if the populations are of different
sizes to begin with. In UNTB, a different chance of going extinct is explained solely by facts
about probability and not by any potential difference in competitive ability between species.
Thus changes in community composition are treated as being produced entirely by neutral or
indiscriminate processes.

Clearly, it is an idealization to treat all individuals (within and between species) in a

community as having an equal probability of demographic events. However, in a community
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in which different species have a similar average fitness or reproductive rate, this assumption
looks more like a warranted simplification and not a major distortion.*

UNTB does not require assumptions (1) or (2), both of which are more obviously
large distortions of biological reality. That is, it is not built into UNTB that communities
consist of individuals that are biologically or ecologically identical (e.g., having the same
growth strategies, light needs, or mechanisms of pollination). What UNTB does assume is
something weaker, for instance, that these differences are irrelevant to the (average)
probabilities of demographic events, and therefore not predictively or explanatorily linked to
community structure outcomes.

Several authors have thought that UNTB requires assumption (2) that there are no
niche differences among species. For example, in their well-known book on niche theory,
Chase and Leibold characterize UNTB as “assuming that all species are, in essence, identical
in their ecological niches” (Chase and Leibold 2003, viii). Similarly, Gotelli and McGill say
that “Neutral models posit that consistent niche differences are not present and that
community structure can be accounted for by random colonization, migration, and

extinction” (Gotelli and McGill 2006, 795, emphasis added).'® E. G. Leigh, Jr offers the

15 See Munoz and Huneman (2016) for a more technical discussion of the circumstances
under which neutral community behavior can arise—even in communities in which species
have fitness differences. A reviewer suggested that there may be some even weaker potential
interpretations of the equivalence assumption, for instance that individuals can be treated as
having equivalent probabilities of events for specific predictive purposes, even in
circumstances where competitive differences are known to exist. My aim is to show that
interpretations stronger than (3) are not required by UNTB, and this is compatible with the
suggestion that even weaker interpretations may be viable.

16 This is a very helpful article on the challenges for testing neutral models in ecology.
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objection that UNTB’s “fundamental axiom, that all trees are alike before natural selection
regardless of their species, is false,” going on to cite examples including the fact that
“Different species adjust differently to the master trade-off between growing fast in bright
light and surviving in shade” (Leigh 2007, 2081). While | agree with some of the other
examples given, Leigh apparently takes the existence of niche differentiation to conflict with
the equivalence assumption. I argue that these claims reflect a subtle misreading of UNTB.
One reader suggested that although UNTB only requires (3), ecologists might assume
that something like (2)—the lack of niche differentiation—is the most plausible explanation
for how (3) could hold in a real community. This view could explain the above quotes. While
some researchers might believe this, it is false that the lack of niche differentiation is the only
plausible way for neutral behavior to arise. It is possible for species to have differences in
their niche-related properties and nevertheless to have the same average chance of
reproduction. This is because different ecological strategies do not have to lead to fitness
differences. To illustrate, imagine two plant species whose flowers are adapted for pollination
by different kinds of animal. They may nevertheless have identical expected reproductive
rates, assuming both pollinators are abundant enough and the plants’ reproductive strategies
are otherwise similar. If this is the case, then a community consisting of these two species
may be governed by drift, even though the species differ along at least one niche axis. Thus,
if ecological differences among species fail to create different average reproductive rates,
this will result in neutral behavior of a niche-differentiated community (see Hubbell 2005).
Hubbell correctly suggests that UNTB can realistically represent the dynamics of such a

community. In this case, contrary to popular belief, the equivalence assumption does not
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represent a problematic idealization, and is not inconsistent with the presence of niche
differences in a community.’

Odenbaugh (forthcoming) interprets the equivalence assumption in the same manner:
“the neutrality assumption...says interspecific differences do not make a causal difference to
the patterns of interest and thus are explanatorily irrelevant” (emphasis in original). So, |
agree with a conditional version of Odenbaugh’s thesis, namely that UNTB can be considered
a realistic representation of a community if that community is in fact primarily undergoing
drift, regardless of the presence of niche-related differentiation. UNTB would not be an
unduly distorted representation of the assembly of this type of community, because no
process with important explanatory relevance to that community’s structure is left out.®

As Hubbell and other neutral theorists allow, it seems unlikely that the majority of
communities are actually fully neutral (i.e., not influenced by competitive differences). The
claim that some communities do approximate neutrality is an empirical question that requires
experimental evidence (Hubbell 2005; Hubbell 2006; cf. Leigh 2007) as well as better
attention to statistical procedures (Gotelli and McGill 2006). However, it is also likely that
drift makes a difference in many communities. Thus, the omission of drift from traditional

competition models also results in a distorted representation of community behavior. The

most realistic model will often be one that includes both drift and niche-related factors.

17 1t’s still an idealization to ignore within-species differences in fitness, but this isn’t the
feature of UNTB that has been controversial.

18 At least, by hypothesis nothing important is left out, but I allow that there may be
important factors not commonly included in either model type. Potential examples include

evolution, environmental patterns, and effects of within-species individual differences.
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Both UNTB and niche models make various idealizing assumptions typical of
ecological models in general. These will depend on the exact niche model considered, but
such models often ignore within-species differences and omit evolution, for instance.
However, the default view is that UNTB is far worse off with respect to idealization,
specifically because the equivalence assumption has been taken to be wildly false. This
section has argued that the equivalence assumption, interpreted correctly, is not as extreme
as it has been portrayed, and may in fact correctly reflect the dynamics of some communities.
So, this default view is mistaken.

In short, the gulf in realism between UNTB and niche theory is not as wide as other
commentators have thought. UNTB and niche-only models each provide partial

representations of community dynamics.

7. Outlooks: Unification and Pluralism

My argument has several implications for future theorizing about communities and
for philosophical views about pluralism and unification. As we have seen, appeals to realism
have played a prominent role in the rhetoric about UNTB. Based on my argument that neutral
and niche theories are similarly realistic, the prior focus on realism has been misleading and
will not help with selecting among these theories.

In pursuit of realism, integrated or hybrid theories seem more promising that either
niche-only or neutral theories. An important example of an integrated framework is Mark
Vellend’s theory of community ecology, which proposes that communities are assembled via
four processes (selection, drift, dispersal, and speciation) (Vellend 2010; Vellend 2016).

These integrated ecological theories should be of interest to philosophers of biology, many
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of whom have argued that biology is generally ill-suited to theoretical unification (Beatty
1995; Beatty 1997; Mitchell 2003). However, we cannot assume that such a theory will
outcompete existing theories with respect to theoretical virtues other than realism (Levins
1966; Odenbaugh 2005). To illustrate, Vellend’s theory has been presented primarily in a
qualitative form, much like common statements of the theory of evolution, with the 2016
work containing simple illustrative models. An issue will be whether increasingly inclusive
and realistic predictive models remain operable, and whether it will be possible to statistically
disentangle the relative contributions of four or more processes at once to real diversity
patterns (see Zhou and Ning 2017). In view of these modelling and statistical challenges, the
current persistence of multiple, partially realistic theories in community ecology should not
be seen as a failure with respect to unification, but rather as a strategy for parsing the
complexity of ecological communities.

So, my discussion suggests that unless a single theoretical framework emerges that
very clearly outperforms existing ones according to a range of desiderata, we should adopt a
pluralistic stance about models in community ecology. Since communities are complex and
not fully captured by any major theory or research program, our understanding of
communities must be informed by multiple theories that highlight different processes as well
as by other sources of knowledge, particularly experimental work (see Longino 2006;
Longino 2013).

Some ecologists and philosophers have viewed the state of community ecology as
one of “competitive pluralism” (to use a phrase from Sandra Mitchell). On this view,
mutually incompatible explanatory strategies are maintained only in response to epistemic

uncertainty, and the aim is to ultimately settle on the single best supported theory. In contrast,
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I have argued that UNTB and niche models are not in competition, and there is no longer
serious uncertainty about the fact that both ecological drift and niche differentiation
sometimes operate in communities. So, Mitchell’s integrative pluralism model is more apt
for this context (Mitchell 2002; Mitchell 2003). On this view we expect there to be multiple
coexisting models at the theoretical level, even when there is (in principle) a single integrated
explanation for each concrete outcome.

There are additional routes to pluralism. For example, William Bausman has
characterized competitionism and neutralism as research programs with somewhat different
starting questions, key study systems, and methodological approaches (Bausman 2019), and
has argued for methodological pluralism within community ecology (Bausman 2022). |
largely agree with this position. The present paper focuses on properties of individual models,
but reaches a compatible conclusion about pluralism.

There is a question lurking behind my discussion: Why are some community
ecologists so concerned about theory realism, and is this concern warranted? There are plenty
of cases in which an abstracted or idealized theory performs better for some purpose than a
theory with more representational detail. A canned illustration of this is the way subway maps
distort the directions and distances between stops in the interest of readability. Examples
from science include the way some idealized, higher-level physical theories are better able
to explain macro-scale behaviors than micro-scale theories (Batterman 2018) and how the
spatial resolution of climate models trades off with the amount of time required to run a
simulation, rendering models with too much detail useless (Parker 2014).

Ecologists in community ecology are attempting to develop theories that are highly

mechanistically explicit and detailed while at the same time being both general and
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predictively accurate. This is surprising given the conventional wisdom that realism
(representational detail) trades off with model generality in ecology, partly because of the
causal heterogeneity of ecological systems (Elliott-Graves 2018). It is intriguing that
community theorists seem to be aiming for both realism and generality at once, as evidenced
by the sorts of criticisms and tests levelled against theories of community assembly. It
remains to be seen whether it is possible to generate a theory that is simultaneously highly
realistic and general, but | have discussed a few of the likely challenges. It could be that
community ecologists are holding their theories to impossible standards, and should

reconsider the most desirable way to balance desiderata such as realism and generality.
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