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Robert E. Ricklefs†
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abstract: In this essay, I argue that natural history—observing the
natural world and deciphering its patterns—is as essential today as
it was during Darwin’s lifetime to the continuing development of
ecology and evolutionary biology. This tradition, which I illustrate
through the example of E. O. Wilson’s discovery of the taxon cycle
50 years ago, is still very much alive, but there is a growing tendency
for observation to serve theory rather provide new insight or to test
the predictions of theory. This tendency manifests itself in the failure
of ideas about the diversity, distribution, and abundance of species
to be informed by patterns in nature that are readily apparent. On
the one hand, supporters of neutral theory have sidestepped the
unrealistically slow dynamics of random processes in large meta-
communities, and they have failed to note global correlations in
species numbers and population sizes within taxa. On the other hand,
proponents of niche theory have disregarded the implications of
variation in distribution and abundance among close relatives, which
implies population regulation largely by species-specific agents, such
as pathogens. Nor has community niche theory addressed the in-
dependence of distribution and abundance with respect to number
of close relatives (and presumed competitors). The diversity, abun-
dances, and distributions of species represent the unfolding of many
processes over a historically and geographically contingent landscape,
for which experimental methods of scientific inquiry are poorly
suited. To interpret patterns of diversity, we must continue to depend
on inductive reasoning inspired by the data of natural history.

Keywords: community ecology, competition, E. O. Wilson, host-path-
ogen relationships, neutral theory, niche relationships, niche theory,
species richness, taxon cycle.

Introduction

One of the privileges of the office of President of the
American Society of Naturalists is the opportunity to pre-
sent the Presidential Address at the annual meeting, which
in 2011 was held in Norman, Oklahoma. While contem-
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plating the topic of my address, it occurred to me that we
are a society of naturalists and yet few, if any, of us would
declare “naturalist” to be our occupation. We would rather
call ourselves “evolutionary biologists” or “ecologists,” for
example, in spite of a growing trend to recognize the in-
timate connection between natural history and the quality
of human life (e.g., http://naturalhistorynetwork.org/). For
many biologists, the words “naturalist” and “natural his-
tory” bring to mind out-of-fashion pursuits, especially
from the nineteenth century, a time when biologists were
preoccupied with a fascination for nature and before mod-
ern scientific investigations of ecology and evolutionary
biology. In this essay, I argue that natural history obser-
vation and thinking are essential to understanding the or-
igin, maintenance, and significance of biodiversity. Ob-
servation of nature remains an important source of new
discovery, provides insight about pattern and process in
biology, and makes possible critical tests of predictions
from theory. This is particularly important when patterns
are dominated by accidents of history and geography (con-
tingency) that complicate the outcomes of underlying de-
terministic processes and obscure their causal nature. Most
biologists accept the central role of observation in science.
Yet, a tendency to downplay natural history has from time
to time allowed biodiversity (and other) research to stag-
nate while investigators were distracted by ideas of limited
usefulness, as I shall say more about below.

A dictionary on my shelf defines a naturalist as a student
of animals and plants, but also an adherent of “natural-
ism,” which is “the doctrine denying that anything in re-
ality has a supernatural significance; specif., the doctrine
that scientific laws account for all phenomena, and that
teleological conceptions of nature are invalid” (Webster’s
New Collegiate Dictionary, G. & C. Merriam, 1953). In this
sense, as we are scientists we are also naturalists. However,
in normal usage among ecologists and evolutionary bi-
ologists, “naturalist” still recalls the nineteenth-century
concept of Victorian natural history distinguished by “an
overwhelming drive to collect, witness, and catalog nature”
(Gates 2007, p. 540). This drive materialized in natural
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424 The American Naturalist

history collections that featured mounted skeletons of ex-
tinct mammals and cabinets full of colorful stuffed birds
and pinned insects. Most of these hodgepodge collections
have been modernized, save a few that are kept as mu-
seums of Victorian natural history museums (see, e.g., the
Victorian Natural History Gallery of the Ipswich Museum
[UK; http://www.ipswich.gov.uk/museums], and the Wag-
ner Free Institute of Science in Philadelphia [http://
www.wagnerfreeinstitute.org/]).

The American Naturalist was founded in 1867, at the
height of the Victorian natural history craze, by four re-
search assistants of Louis Agassiz at Harvard’s Museum of
Comparative Zoology (Messrs. Packard, Morse, Hyatt, and
Putnam), who approached the Essex Institute in Salem,
Massachusetts, to publish the journal (Conklin 1944).
Their purpose was to “popularize the best results of scien-
tific study, and thus serve as a medium between the teacher
and the student, or, more properly, between the older and
the younger student of nature” (American Naturalist 1867,
p. 1) They went on to say that, “If the reader, however
slight his intercourse with nature may have been, shall find
something in these pages to stimulate his zeal, and direct
his mind to the right methods of investigation, and also
teach him new facts concerning the haunts and habits of
his favorites of the wood, the lake and the seashore,” then
the purpose of the journal shall have been fully realized.
The founding of the American Society of Naturalists, by
two of this same group, followed a couple of decades later.

Natural history observations—by Charles Darwin, Al-
fred Russel Wallace, Thomas Huxley, and many others—
laid the foundations of modern ecology and evolutionary
biology. Nonetheless, nineteenth-century public and even
professional enlightenment in the natural sciences tended
to stray from the discipline of rigorous scientific inquiry.
Darwinian evolution soon descended into social Darwin-
ism and eugenics (Hofstadter 1992). Even so great a nat-
uralist as A. R. Wallace turned to spiritualism and the
supernatural later in life (Raby 2001). Indeed, the situation
became so desperate by the mid-twentieth century that
prominent scholars, including Herman J. Muller (1959),
George Gaylord Simpson (1961), and Theodosius Dob-
zhansky (1973), felt compelled to defend the teaching of
Darwinism in American schools (see Ayala 2009 for a more
recent reprise).

Scientific methods are what keep us on the narrow path
toward truth and enlightenment. The scientific method
currently taught in many American high school and uni-
versity science courses begins with an observation that begs
for explanation (the natural history part) and then pro-
ceeds through hypothesis development (the explanation,
which might also benefit from knowledge of natural his-
tory), formulation of prediction(s) from the hypothesis
that are independent of the initial observation(s), and usu-

ally, experimental tests of these predictions that provide
either support for, or grounds for rejecting, the hypothesis.
Depending on the outcome, these steps are followed by
further hypothesis formation, prediction, and testing, until
a general theory emerges. In this scheme, subsequent to
the initial observation, naturalists and natural history take
a back seat to “science.”

This scientific tradition has served us well in areas of
inquiry that seek to understand mechanisms underlying
the function of natural systems, whether organelles, or-
ganisms, or entire ecosystems (Kingsland 1985; McIntosh
1985). Indeed, ecology and evolutionary biology have de-
veloped an extensive body of theory concerning, for ex-
ample, evolution by natural selection, organism function,
population dynamics and interactions, and energy flow
and element cycling through ecosystems. Nevertheless,
many expressions of these processes are historically con-
tingent and unique. Observation and inductive reasoning
are required to divine plausible scenarios for the influence
of the environment on natural history outcomes and to
test predictions of hypotheses arising from these scenarios.
That is, many aspects of “biodiversity,” including the num-
ber, distribution, and relative abundance of species, not
to mention the particular attributes of organisms, are not
readily predictable from underlying principles and com-
mon mechanisms. (Who, not having been to Australia,
could imagine kangaroos?) It is in this arena that natural
history remains most relevant, and even vital, today. To
illustrate this principle, I turn to the development of the
taxon cycle concept more than 50 years ago by E. O. Wil-
son, after whom the Naturalist Award of the American
Society of Naturalists is named. I begin with this example
because it is one that intrigued me early in my career.
Moreover, I believe that Wilson’s natural history insight—
that population abundance and distribution respond to
an evolutionary dynamic independent of the physical en-
vironment—is fundamental to community ecology and
biodiversity research.

Edward O. Wilson and the Taxon Cycle

In a pair of papers published in 1959 and 1961, Wilson
describes how he was inspired by the taxonomy and dis-
tribution of ants in Southeast Asia and Melanesia to en-
visage an evolutionary progression of both ecological and
geographic distribution. The “taxon cycle,” as Wilson
called it, began with colonization from continental regions
of higher diversity to islands supporting lower diversity
and shifting from forested to marginal habitats and back
again by means of long-distance dispersal and local ad-
aptation to new environments, eventually ending in ex-
tinction after one or more of these phases of expansion
and contraction (Wilson 1959, 1961). The dynamics of
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The Nature of Biological Diversity 425

taxon cycles are too slow to observe, yet Wilson inferred
the possibility of their existence from contemporary pat-
tern. This process of inductive reasoning, of which Wilson
is a master, involves arriving at a conclusion from observed
facts placed in a framework of generally accepted prin-
ciples, or premises.

Wilson recounted this scientific epiphany in his auto-
biography thus: “It dawned on me that the whole cycle of
evolution, from expansion and invasion to evolution into
endemic status and finally into either retreat or renewed
expansion, was a microcosm of the worldwide cycle en-
visioned by Matthew1 and Darlington2. To find the same
biogeographic pattern in miniature was a surprise then. ...
It came within a few minutes one January morning in
1959 as I sat in my first-floor office ... sorting my newly
sketched maps into different possible sequences—early
evolution to late evolution.... Discovery of the cycle of
advance and retreat was followed immediately by recog-
nition of another ecological cycle.... I knew I had a can-
didate for a new principle of biogeography” (Wilson 1994,
pp. 214–215).

During my graduate studies, which began a few of years
after the appearance of Wilson’s seminal papers, I expe-
rienced a similar revelation while poring over maps of the
distributions of bird species among islands in the West
Indies (Ricklefs 2011b). Inspired by Wilson’s insights, it
occurred to me that each species might provide a snapshot
of a progression through stages of (i) initial colonization
and spread through the archipelago, (ii) taxonomic dif-
ferentiation following diminished gene flow between iso-
lated island populations, (iii) formation of distributional
gaps resulting from the extinction of individual island pop-
ulations, (iv) further extinction leaving a single-island en-
demic population, and (v) occasional reinitiation of an
expansion phase by an endemic population from within
the archipelago, completing the cycle (Ricklefs and Cox
1972, 1978).

As Wilson understood, the taxon cycle unfolds so slowly
that it appears static on the scale of a human life span.
No one has witnessed a population’s progress through the
cycle, although species invasions, range expansions, and
extinctions in human-altered landscapes might reflect cer-
tain of its elements. Absent direct observation, the process
of inductive reasoning that led to the taxon cycle hypoth-
esis for West Indian birds was, in hindsight, reasonably
straightforward. It began with the premise (a hypothesis,
actually) that taxonomic differentiation among island pop-
ulations indicates the relative age of a taxon in the archi-

1 See, for example, Matthew, W. D. 1915. Climate and evolution. Annals

of the New York Academy of Sciences 24:171–318.
2 Darlington, P. J., Jr. 1959. Area, climate, and evolution. Evolution 13:

488–510.

pelago. In this context, three observations (this is the nat-
ural history part) led to the conclusion that populations
proceed through a sequence of stepping-stone coloniza-
tion, followed by differentiation and, later, extinction of
island populations. First, species that lack subspecific dis-
tinctions among populations within the West Indies are
found on all islands, or at least over continuous ranges;
second, differentiated species may be widespread or lo-
calized within the archipelago; and third, all species with
gaps in their distributions are differentiated.

We can take this inductive process a step further fol-
lowing on a second premise that island populations have
a higher probability of extinction than continental pop-
ulations. The additional observation that some widespread
undifferentiated species are endemic to the archipelago
leads to the conclusion that such species are archipelagic
endemics because they evolved there, not because conti-
nental source populations became extinct. Furthermore,
such species are undifferentiated because they have re-
cently expanded within the archipelago. Thus, taxon cycles
could be reinitiated from isolated populations within the
archipelago.

Finally, based on the premise (hypothesis, perhaps) of
evolutionary conservatism of ecological traits, George Cox
and I predicted that the distributions of related species
would respond to the environment in the same way. To
the contrary, we found that the position of a species in
the taxon cycle (i.e., its distribution, degree of taxonomic
differentiation, and range fragmentation) bore no rela-
tionship to that of close relatives in the archipelago (Rick-
lefs and Cox 1972). Our conclusion, that geographic and
ecological distributions are evolutionarily labile and likely
influenced by species-specific factors (rejecting the hy-
pothesis of evolutionary conservatism), will become im-
portant below when I consider the implications of vari-
ation in population distribution and abundance for
biodiversity theory.

Underlying causes of patterns in diversity and abun-
dance have been a principal focus of ecologists and evo-
lutionary biologists for much of the past half-century.
Niche-based theory, relating diversity and relative abun-
dance to the partitioning of resources among competing
species, has dominated this discussion. Niche-based sys-
tems are typically characterized by mostly stable outcomes
of local interactions, which reflect the variety of resources
and the conditions of the environment, as well as the
adaptations of organisms to exploit these resources. More
recently, however, many ecologists have entertained the
notion that these patterns might result from purely sto-
chastic processes determining the diversity, distribution,
and abundance of ecologically equivalent species. Al-
though few doubt that species differ in ecologically mean-
ingful ways, some ecologists have nonetheless found it
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difficult to reject explanations for observed patterns based
on stochastic processes. Again, this is an area in which
ecologists have ignored some basic natural history obser-
vations that address this issue. Although nature has its
random side, patterns of species diversity, abundance, and
distribution are shaped largely by deterministic ecological
processes.

The Unified Neutral Theory of Biodiversity
and Biogeography

Ten years ago, Steve Hubbell (2001) formalized the idea
that the relative abundances of species reflected the out-
come of a random zero-sum (constant total population)
birth-death process. Add a model of random species for-
mation, and this “neutral” theory predicts steady-state
(“metacommunity”) diversity; with dispersal limitation,
neutral theory also gives us local diversity, b diversity (spe-
cies turnover with respect to distance and time), species
abundance distributions, and species-area relationships. It
is a magnificent idea. The theory itself, its implications,
and tests of many of its hypotheses have been reviewed
extensively (e.g., Chave 2004; Bell et al. 2006; McGill et
al. 2006; Leigh 2007; Rosindell et al. 2011). These tests
suggest that many patterns in nature are consistent with
the underlying assumption of a completely stochastic
world.

Neutral theory posits that species are competitively
equal (i.e., neutral with respect to each other), or nearly
so, and that diversity and distribution represent the sto-
chastic outcome of random birth, death, dispersal, and
species production. Competitive neutrality of differently
adapted species has been a sticking point for many ecol-
ogists (e.g., Purves and Turnbull 2010), but defenders have
nonetheless pointed to the utility of neutrality as a null
model for community patterns (Alonso et al. 2006).

Neutral theory in ecology was born out of Hubbell’s
deep natural history experience with Neotropical rainfor-
ests (Hubbell 1979; Hubbell and Foster 1986). The ob-
servations are straightforward: first, at the hectare scale,
the hundreds of species of canopy trees in a rainforest do
not exhibit obvious niche partitioning (i.e., all use the same
sunlight, water, and soil nutrients), although specialization
that is apparent along habitat and microenvironment gra-
dients (Tuomisto et al. 1995; Clark et al. 1999; Kraft et al.
2008; Ellwood et al. 2009; Fine and Kembel 2010; Higgins
et al. 2011 ) contradicts the neutrality assumption (but see
Etienne 2007); second, the replacement of individual can-
opy trees is largely unpredictable with respect to the species
within a reasonable seed dispersal distance (Hubbell et al.
1999). Given this high degree of randomness, Hubbell
suggested that individuals of each species of tree in a trop-
ical forest behave like neutral alleles in the gene pool of

a population, propagated at random from generation to
generation. The appeal of neutral theory derives in large
part from its mathematical tractability. For example, the
theory makes specific quantitative predictions about spe-
cies-abundance distributions and beta diversity that can
be compared to empirical data (Bell 2000; Bell et al. 2006;
McGill et al. 2006).

The apparent match of several predictions to data has
gained support for neutral theory among some ecologists
and population biologists, in spite of the case against the
theory posed by simple natural history considerations. One
of the tests on which neutral theory stands is its ability to
predict (i.e., to fit) species abundance distributions. For
example, the rank-abundance distribution of trees (110
cm dbh) on the 50-ha plot on Barro Colorado Island
(BCI), Panama, is closely matched by a neutral (zero-sum
multinomial) distribution having parameters andV p 50

(Hubbell 2001). The parameter m representsm p 0.10
that 10% of the individuals on the 50-ha plot arrived at
random from the metacommunity in the surrounding
world at large; the parameter V suggests that the product
of twice the size of the metacommunity (individuals) and
the rate of speciation (new species per birth event in the
metacommunity) is equal to 50 new species per generation.
Metacommunities have not been defined or characterized
(do they have spatial structure, for example?); migrants to
a local plot are unlikely to be drawn at random from a
metacommunity (Chisholm and Lichstein 2009; Etienne
and Rosindell 2011); speciation rates within a metacom-
munity have not been quantified, and indeed, they cannot
be evaluated in the context of Hubbell’s original “muta-
tion” model of species formation (Ricklefs 2003; Rosindell
et al. 2010). Thus, the parameters of fitted zero-sum mul-
tinomial distributions cannot be related to any particular
quantitative expectation, or validated against empirical
measurements.

Although problems related to the mutation model of
species formation have largely been resolved, or at least
rationalized (Etienne et al. 2007, Rosindell et al. 2010),
other issues remain. For example, neutral theory param-
eters fitted to species-abundance distributions in six trop-
ical forest plots in the Neotropics, tropical Africa, and
southern Asia (Volkov et al. 2005) span parameter values
of V between 27 and 289 and of m between 0.09 and 0.55;
estimated V is a linear function of plot diversity (166–
1,004 species; ) and m is further adjusted to fit2R p 0.98
the shape of the species-abundance distribution. Thus, the
data appear to drive the fit of the model rather than test
specific predicted values of parameters. Other models pro-
vide equally good fits to similar data in several studies
(e.g., McGill 2003; Bell et al. 2006).

The success a curve-fitting exercise cannot be related,
through our current understanding, to a concept of meta-
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community, to realistic rates of species production by any
known speciation mechanism, or to measurements of in-
dividual dispersal in tropical forests. Moreover, a recent
study by Comita et al. (2010) (also see Mangan et al. 2010;
Metz et al. 2010), demonstrated, in contradiction of neu-
tral theory, that species abundances in tropical forest plots
are strongly related to the depressing effect of intraspecific
competition on seedling survival—a classic Janzen-
Connell effect (Janzen 1970; Connell 1978). If the effects
of competition on seedling survival cause variation in
abundance, rather than vice versa, the neutrality assump-
tion is violated and one cannot use species-abundance
distributions to test neutrality.

In an early attempt to test neutral theory in the context
of beta diversity, Condit et al. (2002) fit parameters of the
neutral function describing the decay of species similarity
with distance, using data within central Panama and as
far as plots in Ecuador and Peru in the Amazon Basin.
The data were described well by the predicted exponential
decay in species similarity with distance, but the param-
eters cannot be interpreted, let alone independently ver-
ified: average dispersal distance of trees between genera-
tions, m (reasonable, perhaps); rate of speciationj p 40.2

new species per individual in the meta-�8n p 4.8 # 10
community per generation. Thus, “testing” neutral theory
in this context, as with species-abundance curves, is a mat-
ter of fitting the parameters of a general relationship to
data rather than rejecting alternative hypotheses. Indeed,
few hypotheses concerning biodiversity patterns have been
clearly rejected (Currie et al. 2004; Ricklefs 2006; Mittel-
bach et al. 2007).

As Condit et al. (2002) point out, equilibrium in a neu-
tral system is reached in ca. 1/2n generations or, in the
case of the fitted parameters in their study, about 109 years,
assuming a generation time of 50 years (Condit et al.
1999). Neutral processes are very slow. Egbert Leigh (1981)
pointed out that the expected time to extinction (as well
as the expected time to increase from a single ancestral
individual) in a random birth-death process is, in mul-
tiples of the generation time, about twice the population
size, far too long for most natural systems (Ricklefs 2003;
Nee 2005, 2006). My back-of-the-envelope estimates for
contemporary forest trees in the Amazon basin suggested
an average population size per species of about 106 indi-
viduals, which would imply an average time to extinction
of about 100 million years assuming a 50-year genera-
tion—far beyond any plausible range (Ricklefs 2003).

Neutral theory predicts that with increasing distance
between sites, or time between samples, correlations in
abundance per species or number of species per clade
steadily decay toward 0. Pitman et al. (2001) used this
principle to argue that the strong correlations in clade
species richness and individual species abundance over the

1,400 km between Yasuni, Ecuador, and Manu, Peru, ef-
fectively reject neutral processes. Of course, dispersal
might be rapid enough to link abundance and clade rich-
ness between the two sites, which share many of their most
abundant species. At a rate of 40 m per generation (Condit
et al. 2002), 1,400 km represents 35,000 generations, or
ca. 1.75 million years—possibly too little time for spatial
differentiation through drift in the numbers of individuals
in abundant species in the metacommunity. However, dis-
persal cannot explain the significant strong correlations in
the number of genera per order of flowering plants be-
tween tropical areas in South America, Madagascar, and
Malaysia (Ricklefs 2009) or in the number of species and
individuals per family between forest plots in the Neo-
tropics and southeast Asia (Gentry 1988; Ricklefs and Ren-
ner 2012), which share no species and few genera and have
diversified independently, excepting rare long-distance dis-
persal events, for tens of millions of years (Chanderbali et
al. 2001; Couvreur et al. 2011). Drift also cannot explain
the apparent stability in species richness of families of
Neotropical rainforest trees over a nearly 60-million-year
period since the middle Paleocene (Wing et al. 2009).

Paying attention to natural history observations (i.e.,
data) leaves little room for a neutral interpretation of na-
ture. Neutral theory also seems to have little value as a
“null” hypothesis because the essential premise of an ab-
sence of ecology—that is, ecologically relevant differences
between species—is demonstrably false and because some
plainly nonneutral patterns can be fit to a reasonable ap-
proximation by neutral models. Moreover, the fitted pa-
rameters of neutral models, which should reflect attributes
of the underlying processes required to predict, for ex-
ample, species abundance distributions or species turnover
with distance, have little relationship to the characteristics
of any known ecological or evolutionary entities (see the
examples above). So, although ecological processes clearly
exhibit stochasticity—the species identities of gap-filling
trees in a tropical rainforest are difficult to predict—neu-
tral theory cannot explain patterns of species richness and
relative abundance at either local or regional scales or serve
as a useful approximation to the complex reality of nature.
Neutral processes are simply too slow at the scales of re-
gional ecology to represent, in any useful manner, the
processes that influence species richness and the relative
abundance of species. Nature may appear neutral, but that
is primarily because nature is complex.

Niche-Based Community Ecology

Although I am not a fan of neutral theory as a rational-
ization of pattern in nature, I share the frustration of many
ecologists over the limited success of niche-based theory
in explaining large-scale patterns of diversity, distribution,
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428 The American Naturalist

Figure 1: Left, Stylized representation of the distribution of species’ competitive abilities and/or potential resource utilization along a local
continuum of resource qualities, such as prey size, fiber content of leaves, or height in a foliage profile, or a regional gradient of environmental
conditions, such as temperature, precipitation, or soil nutrients. Right, Alternative view possibly more appropriate for the distributions of
populations across regional landscapes, within which species differ little in competitive ability but each species is nonetheless restricted to
a small part of the overall space (black bar) by competitive interactions. A small increase in population productivity resulting from change
in the physical environment, or a shift in the outcome of coevolutionary interactions with specialized antagonistic species, could greatly
increase the range of environmental conditions over which a species’ population could persist.

and abundance. Students of my generation became ecol-
ogists in the shadow of MacArthur, Hutchinson, Lack,
Elton, Gause, Volterra, and Lotka, among others—a pan-
theon of giants in the development of niche theory in
ecology (Brown 1981; Kingsland 1985; Chase and Leibold
2003). Our received wisdom was that each species was able
to persist in an ecological community by utilizing some
part of the total available resource space more efficiently
than any other species. Eventually, however, this parti-
tioning of resources through specialization would reach a
limit that ultimately constrained the number of coexisting
species—an ecological saturation point. Accordingly, the
positions of species in a community could be portrayed
as curves of utilization along a resource axis, which was
thought of as more or less equivalent to a niche dimension
(see fig. 1 below).

This view seemed to fit the way in which individuals of
each species were specialized to use different resources
within a local environment. Among birds, for example, we
find flycatchers, leaf gleaners, bark probers, and seed crack-
ers, among others, each of which has morphological, phys-
iological, and behavioral adaptations for utilizing its par-
ticular resource most efficiently (Ricklefs and Miles 1994;
Schluter 2000). Phylogenetic analyses typically show that
such adaptations are evolutionarily conservative (e.g., Vitt
and Pianka 2005; cf. Losos et al. 1998). However, even
among related species that are otherwise rather similar,
resources might be partitioned by subtle differences in

foraging location, perhaps based on variations in substrate
and foraging movements, as MacArthur (1958) famously
reported in regard to five species of warblers (Dendroica
spp.) feeding on insects in spruce forests in Maine. This
local view of ecological distribution corresponds to the
Eltonian niche (Elton 1927; Root 1967; Chase and Leibold
2003; Soberón 2007; Holt 2009), defined more or less by
the role a species plays in a local assemblage, particularly
as a consumer of resources.

The idea of niche partitioning has also been applied to
the distribution of populations across ecological land-
scapes, encompassing gradients of ecological conditions
such as temperature and precipitation (Bozinovic et al.
2011). Indeed, the earliest articulation of the niche concept
described this “population component” (Ricklefs 2008) of
the niche in reference to the distribution of a bird species,
the California thrasher, with respect to climate and habitat
(Grinnell 1917). Certainly, a species can be adapted to a
particular range of ecological conditions, which would in-
fluence the position and breadth of its distribution across
spatial ecological gradients. However, the population com-
ponent of the niche differs importantly from the individual
component in that the presence of a population at a par-
ticular place represents the balance of births and deaths,
and immigrants and emigrants, in the local population.
Inasmuch as most populations are approximately balanced
throughout their distributions by density-dependent feed-
backs on population growth, small changes in demography
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could lead to large changes in population distribution and
abundance. Thus, the connection between particular ad-
aptations and distribution across the ecological landscape
might be more tenuous than the correspondence between
adaptations and distribution across the local resource space
(e.g., Götzenberger et al. 2011).

Partitioning of the Grinellian niche among populations
across regional landscapes is often portrayed in much the
same way as the partitioning of resources by individuals
of different species within habitats, resembling the distri-
butions of species across geographic gradients of ecological
conditions popularized by Robert Whittaker (1967; fig. 1,
left). Suppose, instead, that the competitive abilities of
different species were more nearly similar across these re-
gional gradients (fig. 1, right). In this case, the species
would be relatively evenly matched and distributions of
populations across an environmental gradient could be
influenced by small changes in demographic influences,
whether caused by adaptive responses to physical condi-
tions or by interactions with competitors or other antag-
onists, which can switch between positive and negative
under different conditions (e.g., Travis 1996; Klironomos
2003; Thompson 2005). Under this scenario of relatively
equivalent competitive abilities, a small change in de-
mography reflecting an increase or decrease in competitive
ability could have a profound effect on distribution. Al-
though this bears some relationship to Hubbell’s concept
of neutrality and competitive equivalence, it differs in that
variations in competitive ability that drive the distribution
and abundance of populations can be fully deterministic
and caused by changes in environmental conditions, ad-
aptations to those conditions, or by the outcome of co-
evolutionary relationships with other populations, includ-
ing pathogens (Ricklefs 2010b, 2011b).

Some species are abundant and widespread, while others
are rare and/or restricted in their distributions (Rabinowitz
1981; Gaston 1994; Brown 1995; Gaston and Blackburn
2000; McGill and Collins 2003; Morin and Chuine 2006).
The connection between adaptation to the physical en-
vironment and distribution often is not apparent (Sexton
et al. 2009; Bozinovic et al. 2011). Certainly, many plants
are restricted to particular soil types (as shown experi-
mentally already by Tansley in 1917). However, as J. C.
Willis (1915, p. 324–325) noted early in the last century,
localized species often thrive when transplanted to places
with different conditions. In his words, “We have been in
the habit of looking upon endemic species with very small
range as if they were suited to very special local conditions,
and yet some of these, when planted elsewhere, grow with
remarkable success. A very notable example is that of Cu-
pressus macrocarpa, confined in nature to a small area in
California, and yet proving to be one of the most successful
conifers in all the sub-tropical regions of the world.” The

distribution of the Monterey cypress is undoubtedly lim-
ited by abiotic and biotic barriers to dispersal, but the
small range belies its broad physiological tolerances.

Ecologists also have been unable to reconcile the success
of many invasive species with the idea that native species
are perfectly adapted to their own environments (Bruno
et al. 2005; Broennimann et al. 2007; Vila et al. 2011).
Charles Darwin understood this conundrum with typical
clarity: “As natural selection acts by competition, it adapts
the inhabitants of each country only in relation to the
degree of perfection of their associates; so that we need
feel no surprise at the inhabitants of any one country,
although on the ordinary view supposed to have been
specially created and adapted for that country, being eaten
and supplanted by the naturalised productions from an-
other land” (Darwin 1859, chap. 14, “Recapitulation,” p.
472).

If phylogenetic relationship provided a guide to the
sharing of adaptations that influenced distribution and
abundance, one would expect close relatives to exhibit
similar patterns of distribution (Freckleton et al. 2002;
Freckleton and Jetz 2009). However, as emphasized by
Brown et al. (1996) and Gaston (1998), most of the var-
iance in the abundance and geographic distribution of
populations resides between close relatives, and little of
the variation can be attributed to species age, range size
at origin, and dispersal limitation (Lester et al. 2007; Paul
et al. 2009). That is, closely related species differ with
respect to distribution and abundance as much as any pair
of species drawn at random. For example, among forest
birds in eastern North America, most of the variance in
several population attributes reflects differences between
species within the same genus (fig. 2). In contrast, variance
in morphology is more evenly distributed among taxo-
nomic ranks, reflecting its evolutionary conservatism.

Evolutionary lability similarly characterizes variation in
population sizes of European passerine birds (Scheuerlein
and Ricklefs 2004) and the filling of geographic and eco-
logical space in South American birds (Ricklefs 2010a). Of
the variance in log-transformed abundance among tree
species on 50-ha tropical forest plots maintained by the
Center for Tropical Forest Science (CTFS), 73% is dis-
tributed among congeneric species in the Barro Colorado
Island, Panama, plot and 75% in the Pasoh, Malaysia, plot
(R. Ricklefs, unpublished nested analyses of variance based
on CTFS plot data). Most of the remaining variance is
distributed among genera within families. Evidently, the
determinants of abundance and breadth of distribution
can vary dramatically between close relatives in spite of
their presumably similar morphology and physiology. We
can see the direct effect of competition on distribution in
the replacement of congeneric species along elevation gra-
dients (Terborgh 1977; Diamond 1986; Price 2008), but
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Figure 2: Distribution of variance in several measures among nested taxa of forest birds in eastern North America, based on data assembled
in Ricklefs (2011a). The analyses represent the densities (pairs ha�1) of 79 species distributed across 142 sites. BC1, BC2, and BC3 are
average positions on the first three Bray-Curtis ordination axes of the data; SD1, SD2, and SD3 are standard deviations of the positions of
the species on each of these axes, reflecting the breadth of the distributions of species within eastern North America. PC1, PC2, and PC3
are the first three axes produced by a principal components analysis of the covariance matrix of seven log-transformed external measurements.
For details of the distributions, see Ricklefs (2011a).

Figure 3: Under niche-based models of community assembly, one
would expect individual species from less diverse clades (dark lines
in the phylogram) to exhibit broader ecological distributions than
individual species from more diverse clades (light lines).

the broad elevational distributions of some species, such
as the 4,000-m vertical range of the rufous-collared spar-
row (Zonotrichia capensis) in the Andes of South America,
expose a generally broad tolerance of environmental con-
ditions, as illustrated in the right-hand panel of figure 1,

The occurrence of so much variance at the level of spe-
cies within genera suggests that factors that influence the
distribution and abundance of populations are not evo-
lutionarily conservative, in contrast to adaptations for for-
aging or the utilization of niche space by individuals. In-
dividuals are adapted to occupy particular positions within
the total niche space available locally, but population dis-
tribution does not clearly correspond to the evolutionarily
conservative adaptations of individuals. This presents a
problem for strict niche-based interpretations that link
population abundance and distribution to the occupation
of ecological space. History, the influence of predators,
and competition with distantly related taxa that share re-
sources soften this criticism but also expand the concept
of niche and allow flexibility in the way that niche space
is filled. In neutral theory, the lack of phylogenetic cor-
relation with respect to distribution and abundance would
follow directly from the randomness of species formation
and the dispersal, birth, and death of individuals.

Another challenge to niche-based theories of commu-
nity assembly is that population sizes, local abundances,
and the breadths of ecological distributions are unrelated
to the number of closely related species. One presumes
that close relationship indicates ecological similarity, and
so species in diverse clades should exhibit ecological niche
compression and reduced abundance and distribution (see
fig. 3). The well-characterized phenomenon of ecological
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Figure 4: Relationship between number of species per family and the average density of species within each family in three tropical forest
plots. None of the regression slopes differs from 0. Data are from the Center for Tropical Forest Science (http://www.ctfs.si.edu/).

release (MacArthur et al. 1972) describes the increase in
the size and distribution of individual species populations
on islands as species richness decreases, clearly the result
of relaxed interspecific competition (Cox and Ricklefs 1977
and references therein). However, where I have analyzed
population abundance or distribution in relation to clade
size, either in local areas or within regions, I have yet to
find a relationship between the two: number of habitats
and zoogeographic zones occupied by South American
passerine birds (Stotz et al. 1996; Ricklefs 2009); abun-
dance of tree species on the 50-ha forest plot on Barro
Colorado Island, Panama (Ricklefs 2010a); density of bird
species on a 100-ha plot at Manu, Peru (Terborgh et al.
1990; Ricklefs 2011b); local density and distribution of
forest birds in eastern North America (Ricklefs 2011a).
The data for tree species abundance in relation to clade
(family) size for three CTFS tropical forest plots show that
this phenomenon is generalizable across biogeographic
regions whose floras have largely independent evolutionary
histories (fig. 4). Of course, the absence of evidence for
niche compression in species-rich clades would be a pre-
diction from neutral theory, which has, however, been
rejected by other evidence. Thus, simple natural history
observations suggest that neither neutral theory nor com-
petition-based niche theory, predicated on the partitioning
of resources or environmental space related to physical
conditions, is compelling as a general explanation for pat-
terns of species diversity or the distribution and abundance
of populations.

Reconciling Theory and Natural History Observations

Geographic distribution, habitat distribution, and local
abundance—the population components of the species
niche—are highly variable and weakly correlated among
closely related species (previous section). The geographic
distribution and local abundance of any one species also
appears to be largely independent of the number of closely
related species with which it interacts in both regional and
local settings. These observations suggest that competition
for shared resources does not perceptibly influence pop-
ulation size and distribution. Although these observations
are consistent with neutral theory (i.e., they fail to reject
some of its predictions), rates of change in population size
and distribution are too rapid for stochastic processes and
random ecological drift; species life spans are too brief.

Taxonomic independence of range size and abundance
implies species-specific, evolutionarily labile causes. Along
with others (e.g., Bruno et al. 2005), I have argued that
these causes can involve coevolutionary host-pathogen in-
teractions (Ricklefs 2010b, 2011b). Parasites and pathogens
tend to be host specialists (Poulin 2007), they can strongly
impact host populations, and they evolve rapidly. Even in
populations of apparently healthy individuals, clearing
chronic parasite infections can increase population pro-
ductivity substantially (e.g., Merino et al. 2000; Marzal et
al. 2005). One can imagine that the evolutionary balance
between a host species and one or more pathogens could
be upset from time to time by random mutations of path-

This content downloaded from 192.104.39.2 on Wed, 15 Aug 2018 19:06:19 UTC
All use subject to https://about.jstor.org/terms

http://www.ctfs.si.edu/


432 The American Naturalist

ogen virulence or host resistance that might greatly change
the productivity of a population and its ability to maintain
itself across an ecological gradient.

Taxon cycles, first characterized by E. O. Wilson more
than 50 years ago through inductive reasoning based on
patterns of distribution in archipelagoes, implied “intrin-
sic” species-specific causes underlying phases of expansion
and contraction of populations, and alternation between
generalized and specialized ecological distributions. These
causes have not been pinpointed, although Ricklefs and
Cox (1972), influenced by Pimentel’s (1961, 1968) exper-
imental work on parasitoid-host “genetic feedback,” sug-
gested that the balance between expansion and contraction
phases of the cycle reflected the particular coevolutionary
outcome of antagonistic relationships. Subsequent work
on blood parasites in the Lesser Antilles has provided evi-
dence for independent coevolutionary outcomes between
particular genetic lineages of hemosporidians and partic-
ular host populations on different islands (Apanius et al.
2000; Fallon et al. 2003).

Patterns of population expansion and contraction,
which can be readily appreciated across the discrete spatial
structure of archipelagoes, undoubtedly apply more widely
on continental scales and could underlie the patterns of
distribution and abundance highlighted in this article.
These patterns suggest that although competition is a po-
tent force in ecology, similar (often related) species are
approximately equivalent in their ability to use resources
over broad ranges of ecological conditions, and their dis-
tributions are thus shaped mainly by other more special-
ized and labile interactions. There is much indirect support
for this proposition, but it is also an area that is ripe for
further natural history inquiry before the science of ex-
perimental manipulation and hypothesis testing can link
host-pathogen relationships to the distribution of popu-
lations and the local and regional coexistence of species.

Conclusion

I have discussed contributions of neutral and niche-based
theories to our understanding of pattern in ecological
communities, but the core message has been about the
critical importance of natural history observation, not only
as a means of identifying pattern in ecology but also as a
critical component of testing theory. Although much of
what we observe in ecology (and evolution) reflects ran-
dom change and historical contingency in the world, neu-
tral theory cannot rationalize pattern in nature because
several key assumptions, as well as predictions about large-
scale dynamics, are inconsistent with the natural history
of regional communities. Niche-based theory built on the
premise that resources are consumed, competed for, and
ultimately limit the abundance of life, also does not ac-

count for such fundamental observations as the evolu-
tionary lability of population distribution and abundance.

Neither niche theory nor neutral theory provides a sat-
isfying narrative for ecological communities, and the de-
fense of one or the other (sometimes both) by ecologists
has at times slowed progress toward understanding bio-
diversity. Niche-based theory supports the core of our un-
derstanding of local species interactions and related con-
structs, including adaptive radiation. Neutral theory
addresses an aspect of randomness in the natural world.
Both have assumed central places in our effort to under-
stand the distribution of diversity over the earth’s surface.
However, failing to observe nature fully, we have missed
critical insights and not tested core predictions related to
both neutral and niche-based theory. Ecological and evo-
lutionary processes are, for the most part, well understood,
thanks to decades of experimental science. However, the
expression of these processes in the patterns of biological
diversity we see around us depends on so many contin-
gencies that we must continually balance our insights with
direct observation of the natural world to guide our rea-
soning. Natural history still has primacy in these
endeavors.

Whereas the origins of ecology were firmly grounded
in direct observation of nature, the emergence of strong
theory in ecology appears to have changed our perspective
on natural history, to the point that observation often is
used to serve theory rather than test predictions and find
inspiration for new ideas. This trend is reinforced by the
general decline of teaching focused on organisms and hab-
itats in favor of an emphasis on ecological concepts. Nat-
ural history and empirically focused coursework certainly
were formative in my development as a biologist, although
I still remember the intellectual excitement of theoretical
developments in community and evolutionary ecology
during my graduate student years at the University of
Pennsylvania with Robert MacArthur. Nevertheless, look-
ing back on my career since then, I believe that most of
my inspiration has been drawn from observation rather
than theory. It is telling that many of the questions posed
by ecologists during the 1960s—for example, addressing
geographic patterns in reproductive rate (e.g., clutch size
in birds) and species richness (why are there so many
species in the tropics?)—remain largely unanswered. I can-
not help but wonder whether the development of strong
theoretically derived hypotheses concerning these issues
might have shifted our gaze away from nature and left us
with an unfinished image of, and dimmed curiosity about,
natural history. The pressure on early-career scientists to
publish leaves little room for observation and reflection,
much to the detriment of our science and of the pure joy
of being a scientist. Nonetheless, natural history remains
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integral to the exploration and rationalization of nature.
I hope that we will continue to cherish this truth.
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