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abstract
The positive relationship between a species’ geographic distribution and its abundance is one of ecology’s

most well-documented patterns, yet the causes behind this relationship remain unclear. Although many
hypotheses have been proposed to account for distribution-abundance relationships, none have attained
unequivocal support. Accordingly, the positive association in distribution-abundance relationships is
generally considered to be due to a combination of these proposed mechanisms acting in concert. In this
review, we suggest that much of the disparity between these hypotheses stems from differences in terminology
and ecological point of view. Realizing and accounting for these differences facilitates integration, so that
the relative contributions of each mechanism may be evaluated. Here, we review all the mechanisms that
have been proposed to account for distribution-abundance relationships, in a framework that facilitates a
comparison between them. We identify and discuss the central factors governing the individual mecha-
nisms, and elucidate their effect on empirical patterns.
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Introduction

THE POSITIVE RELATIONSHIP be-
tween the geographic distribution and

abundance of organisms is a recurrent pat-
tern in ecology (Figure 1 and 2) (Andreawar-
tha and Birch 1954; Bock and Ricklefs 1983;
Brown and Maurer 1989). Published associ-
ations between the two variables are dispar-
ate, in part reflecting the diversity of meth-
ods used to measure distribution or
abundance (Wilson 2008). Likewise, many
different mechanisms for governing the un-
derlying relationship have been proposed.
Here, we group these associations under the
overall term distribution–abundance relation-
ships, and argue that, although they may have
“multiple forms” (Gaston 1996; Blackburn et
al. 2006), these associations constitute a sin-

gle overall phenomenon. In this unifying
context, we emphasize the impact of any
given study’s ecological viewpoint on the per-
ception of underlying mechanisms. The
mechanisms governing the distribution-
abundance relationship act at different spatial
scales and on different aspects of distribu-
tion and abundance, and a consideration
of the differential impact of each individ-
ual mechanism is necessary for a coherent
understanding of the mechanistic basis of
these relationships.

The empirical evidence for a positive asso-
ciation between measures of the distribution
and abundance of organisms is strong. Posi-
tive correlations have been demonstrated for
a host of taxa, including birds (e.g., Lacy and
Bock 1986), butterflies (e.g., Pollard et al.

Figure 1. Intraspecific Distribution-Abundance Relationships
A) Shows the spatial location of individuals of a species. For clarity, we demonstrate sampling with uniform

grid cells; alternatives include distributed sampling quadrates, or sites defined by habitat characteristics.
B) Distribution and abundance are measured, as the presence/absence and population number in each grid
cell. On a larger grid (overlaid), the central areas have larger grid cell occupancy. C) The spatial intraspecific
relationship: There is a positive correlation between the cell occupancy and mean local abundance across areas
from different parts of the range. D) Depicts the same species sampled at a later point in time where the
population size has decreased. E) Repeating the sampling process gives a measure of distribution and
abundance at this time. F) The temporal intraspecific relationship: integrating the data from (B) and (E)
reveals a positive correlation between the distribution and abundance across time.
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1995; Conrad et al. 2001), mammals (e.g.,
Blackburn et al. 1997), and protists (e.g.,
Holt et al. 2002b); a few studies have also
been published on plants (e.g., Thompson
et al. 1998; Guo et al. 2000). Although most
studies have focused on the terrestrial
biome, relationships between distribution
and abundance have also been reported in
both marine (Foggo et al. 2003) and lim-
netic (Tales et al. 2004; Heino 2005) biomes,
and they have been documented in areas
across the planet (although with an overrep-
resentation of northern temperate regions;
for a meta-analysis, see Blackburn et al.
2006). Distribution–abundance relation-
ships have been identified over a large range
of spatial scales, from micro-invertebrates in
moss fragments on rocks (Gonzalez et al.
1998) to birds from the entire North Amer-
ican continent (Brown and Maurer 1987).
Indeed, although exceptions do occur (e.g.,
Johnson 1998; Paivinen et al. 2005; Reif et al.
2006; Symonds and Johnson 2006), distribu-
tion-abundance relationships are so general
that they have been proposed as a candidate
for an empirical ecological “rule” (Gaston
and Blackburn 2003).

Several hypotheses have been proposed to

explain the processes linking distribution
and abundance (Table 1). However, diver-
sity in terminology and ecological viewpoint
has made a straightforward evaluation of
these hypotheses difficult, and little consen-
sus currently exists regarding the mechanis-
tic basis of observed distribution–abundance
patterns (Gaston et al. 2000).

Up until the beginning of the 1990s, the
central tenet was that some species had evo-
lutionary adaptations that made them more
successful than others, enabling them to
both establish a wide range and a large pop-
ulation size (McNaughton and Wolf 1970;
Bock 1987). One of the most influential
hypotheses to explain this superiority was
originally put forward by Brown (1984) (see
Table 1, “resource use”), who related distri-
bution and abundance to the size of the eco-
logical niche of species. Analytical studies
from this period generally addressed the ef-
fects of the distribution of resources and hab-
itat on the distribution and abundance of
species (e.g., O’Connor 1987; Gaston and
Lawton 1990; Novotny 1991).

A different perspective, founded in popu-
lation ecology, was introduced when Hanski
and colleagues (1991a; Hanski et al. 1993)

Figure 2. The Interspecific Distribution-Abundance Relationship
Two co-occurring species are sampled in a similar way to the species in Figure 1. Plotting the distribution and

abundance of each species against each other reveals a positive interspecific relationship.
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TABLE 1
Proposed hypotheses

Mechanisms/Effects Original explanation
Distribution

measure Causality Reference Comment

Measurement effects
Sampling bias Species with low abundances are

more likely to be missed by
censuses, thus their
distributions are
underestimated.

Occupied sites A Bock and
Rickleffs (1983)

Not a mechanism

Phylogeny Species traits, such as
distribution and abundance,
are not independent, and
may reflect phylogeny rather
than ecology.

N/A N/A Gaston and
Lawton (1997)

Only interspecific
relationships;
not supported

Range position If the study area overlaps
different parts of species
ranges, intraspecific spatial
relationships will lead to
interspecific relationships.

Range density N/A Brown (1984) Not a biological
mechanism

Structural mechanisms
Resource use Species that are able to exploit a

broader range of resources
may acquire larger ranges
and also be more locally
abundant, as they will have
more resources available to
them where they occur.

Potential habitat B Brown (1984) Ambiguous
empirical
support

Resource availability Species that utilize abundant
and widespread resources
may themselves become
abundant and widespread.

Potential habitat B Hanski et al.
(1993)

See text

Vital rates The local abundance and the
number of occupied sites of
species are both determined
by rates of births and deaths
among populations: High
population growth rate leads
to high abundance, as well as
to more sites with a positive
absolute growth.

Occupied sites B Holt et al.
(1997)

See text

Unified theory If the spatial structure of
abundance follows a
monotonically decreasing
relationship from the center
of a species’ distribution, the
extent of the range (i.e., the
area where abundance � 0)
is larger for more abundant
species.

Extent B McGill and
Collins (2003)

Distribution
measure not
empirically
supported

continued
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TABLE 1
(continued)

Mechanisms/Effects Original explanation
Distribution

measure Causality Reference Comment

Dynamic mechanisms
Metapopulation

dynamics
The number of occupied patches

and local abundance both
influence the number of
dispersers, which again
influences both occupancy and
abundance.

Occupied sites C Hanski (1991)

Density-dependent
habitat selection

Individuals in populations with
high densities might be driven
by intraspecific competition to
exploit less suitable habitats,
thus increasing the occupancy
of the population.

Occupied/potential
habitat

A O’Connor (1987) See text

Habitat dispersal Populations with much available
habitat may produce sufficient
numbers of successful
dispersers to inflate local
abundances.

Occupied sites C Venier and
Fahrig (1996)

Spatial aggregation/
nonindependence

Individual
aggregation

A random spatial dispersion of
individuals leads to a
correlation between local
abundance and site occupancy.
This relationship is
strengthened when individuals
are spatially aggregated.

Range density B/D Wright (1991),
Hartley (1998)

Self-similarity The distribution of species is self-
similar across a range of scales.
Since the density of a species
equals the range density at the
scale where the average number
of individuals per cell equals 1,
density and range density will be
correlated across scales.

Range density B/D Harte et al.
(1999)

Neutral models Range-abundance relationships are
observed in neutral community
simulations, but no explicit
mechanism has been stated. The
causal pathway is through spatial
aggregation generated by
dispersal limitation.

Range density B Bell (2000)

A: One variable causes the other.
B: Both variables are controlled by another (unmeasured) variable.
C: Both variables affect each other (the effect takes place in the future, since causality can never be simultaneously mutual).
D: There is no causality between the variables.

This table lists all of the hypotheses proposed to explain distribution-abundance relationships. Hypotheses published
before 1997 essentially follow Gaston and Lawton (1997).
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argued that the geographic distribution and
abundance of a species need not be indepen-
dent measures of its ecological success, but
instead could be directly linked to each
other through the action of metapopulation
dynamics. At the same time, a statistical per-
spective was added to the discussion of dis-
tribution–abundance relationships by
Wright (1991), who pointed out that a ran-
dom spatial distribution pattern of individu-
als could in itself be predicted to result in a
correlation between the two variables.

These different frameworks were not easy
to integrate, and analytical studies formu-
lated within one of these hypotheses have
tended to ignore the others (e.g,. Nee et al.
1991; Venier and Fahrig 1996; Collins and
Glenn 1997; Newton 1997; Hartley 1998;
Gregory 1998; Gaston et al. 1998b), with the
notable exception concerning a large study
of British birds that attempted to test all of
the proposed hypotheses (reviewed in Gas-
ton et al. 2000). Recently, a number of com-
prehensive macroecological theories aimed
at explaining the multiplicity of observed
diversity patterns in a single theoretical
framework have also sought to account for
distribution–abundance relationships, nota-
bly those of community self-similarity (Harte
and Ostling 2001) and neutral theory (Bell
2001; Hubbell 2001).

In all, at least thirteen different hypotheses
have been proposed to explain relationships
between distribution and abundance (Table
1). The tendency for explanations of general
empirical patterns to accumulate mechanistic
hypotheses is common in (macro)ecology, and
can probably be attributed to difficulties with
applying strong inference to ecological theo-
ries (McGill et al. 2007). The complementarity
and overlap between hypotheses of distribu-
tion-abundance relationships mean that a
strict Popperian approach of generating spe-
cific and identifiable predictions from each
hypothesis is not likely to lead to clear-cut
empirical tests. In addition, it is very unlikely
that any one of these hypotheses will be
found to be correct to the exclusion of the
others (Gaston and Lawton 1997). The
mechanisms are not mutually exclusive, and
may often act in concert to give rise to distri-
bution-abundance relationships (Cowley et

al. 2001; Holt and Gaston 2003). The con-
cept that several mechanisms may be respon-
sible for creating general ecological patterns
(see Chamberlain 1890) is well-established in
the study of large-scale species richness gra-
dients (e.g., Rahbek and Graves 2001; Willig
et al. 2003; Colwell et al. 2004; Currie et al.
2004) as well as species-area curves (Rosenz-
weig 1995), as is the observation that the
relative importance of factors and their in-
teraction may change with spatial scale (e.g.,
Rahbek and Graves 2001; Lyons and Willig
2002; see Rahbek 2005 for a review).

The central claim of this review is that the
different mechanisms underlying distribu-
tion-abundance relationships do not consti-
tute competing hypotheses to be supported
or refuted; rather, they are descriptions of
processes working at different scales and in
different manners to create and modify
these relationships. The key to moving from
a list of potential hypotheses to a coherent
view of the causation of distribution-
abundance relationships is to consider the
factors that order and differentiate the hy-
potheses, in order to develop a framework
that allows comparisons to be made (Leibold
et al. 2004). The factors identified in this
paper include spatial scale, type and direc-
tion of causality, temporal dynamics, and the
measure of distribution and abundance that
are implicit in each hypothesis. This alliance
of factors also serves to differentiate many of
the primary ecological frameworks and
worldviews that constitute contemporary
ecological thought.

A Framework for
Distribution-Abundance

Relationships
Distribution-abundance relationships are

studied under a plethora of names: distribu-
tion-abundance relationships (Bock 1987;
Blanchard et al. 2005), density-distribution
relationships (Cowley et al. 2001; Paivinen et
al. 2005), abundance-occupancy (or occu-
pancy-abundance) relationships (Gaston et
al. 1998b; Freckleton et al. 2006), density
range-size relationships (Tales et al. 2004),
and range size-abundance relationships (Sy-
monds and Johnson 2006), just to name a
few. While this variety in nomenclature re-
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flects the important efforts made to distin-
guish precisely among different measuring
techniques, it has also fragmented the liter-
ature, and may have prevented important
findings and theoretical developments from
coming to the attention of researchers. Ac-
cordingly, although accurate nomenclature
is important, different names should only be
upheld if they describe clearly separate phe-
nomena. Unfortunately, until now it appears
that the exact choice of wording tends to re-
flect each researcher’s individual preference,
rather than following an exact nomenclature
aimed at clarifying the measures in use.

Therefore, we propose reverting to the de-
liberately general term “distribution-
abundance relationships” to indicate any
kind of correlation of a measure of range
and a measure of abundance; more specific
terms that do not contribute to the theoret-
ical understanding of the pattern should be
abandoned. This is the term used when the
pattern was originally described (Andreawar-
tha and Birch 1954; Brown 1984; Bock
1987), and thus provides consistency with
the original literature. This term also allows
for studies using nontraditional measures of
distribution and abundance—for instance,
the specificity and incidence of parasites on
birds (Poulin 1999)—to be understood in
light of distribution-abundance mechanisms.

Although we propose a general term to
encompass all studies relating distribution
and abundance, a first priority at the present
stage is to establish a clear consensus on ex-
act empirical patterns (Wilson 2008). To this
end, a stringent terminology of distribution-
abundance relationships is needed, and this
requirement should be kept in mind when
defining mechanistic hypotheses.

Measures of Abundance
Published studies of distribution-abundance

relationships have correlated distribution with
either the total population size of the species
(e.g., Blackburn et al. 1997; Webb et al. 2007)
or the local abundance (i.e., the average
abundance at occupied sites; e.g., Hanski and
Gyllenberg 1997). The most interesting distri-
bution-abundance relationship ecologically is
the relationship between local abundance and
distribution (Figure 3). Because population

size is the product of occupied area and local
abundance, a positive correlation between
total population size and distribution inevi-
tably follows; for distribution and population
size to be unrelated would require a negative
relationship between distributional size and
local abundance. Correlations between pop-
ulation size and distribution, therefore, do
not require any biological explanation.
Although some of the hypothesized mecha-
nisms of distribution-abundance relation-
ships are phrased in terms of population size
(e.g., neutral models [Bell 2001] and self-
similarity [Harte and Ostling 2001]), these
mechanisms are also expected to lead to cor-
relations between local abundance and dis-
tribution.

In local scale analyses, abundance can be
measured directly using site population
counts (e.g., Bibby et al. 1992). This is the
preferred method of measurement when
data of sufficient quality are available
(Blackburn et al. 1997), which may be the
case for certain organisms—typically verte-
brates and plants—or where the extent of
the study area is relatively limited. How-
ever, the size of the data set often makes a

Figure 3. The Relationship between Local
Abundance and Proportional
Occupany among Danish Birds

Data taken from the Danish breeding bird Atlas
(Grell 1998; for a description of data selection, see
Borregaard and Rahbek 2006) at the 5x5 km scale
(black dots), and subsequently resampled by lumping
grid cells to 25x25 km cells (white dots). The slopes
are significantly different (t � 7.14, p � 0.001).
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direct estimation of local abundance im-
practical, and, in these cases, local abun-
dance is estimated by dividing the total
population size of the given domain by the
number of occupied sites within that do-
main (Gaston and Lawton 1990). Although
some studies have estimated local abun-
dance by averaging population size over
the entire study area (including unoccu-
pied sites—termed the “true mean abun-
dance” by Wilson [2008]), this division by a
constant is merely a different scale repre-
sentation of total population size; there-
fore, the division of population size by the
number of occupied sites is to be preferred
(Gaston and Lawton 1990).

It is important to note that the use of aver-
aged local abundances may give rise to a num-
ber of issues. Since local abundances are
generally not normally distributed (McGill et
al. 2007), the average value may not accurately
describe species abundance at any specific
point on the landscape and should, thus, be
interpreted with caution. Furthermore, this ap-
proach may lead to spurious inference of dis-
tribution-abundance relationships. At large
grain sizes, a species usually occupies only a
portion of each grid cell. When averaging
occurrences over grid cells, one implicitly as-
sumes that the distribution of individuals is uni-
form—or at least comparable among different
species—within each grid cell. If there are dif-
ferences among species distributions within
grid cells (this in itself is a prediction of several
of the proposed hypotheses for distribution-
abundance relationships), then studies using
averaged abundances may in fact be compar-
ing the range density at different scales (i.e.,
comparing the within-cell occupancy with the
across-cells occupancy; see the discussion of
self-similarity theory below).

Measures of Distribution
Measures of distribution are fundamen-

tally different from measures of abundance
in that distributions are spatial patterns;
therefore, comparisons between the two vari-
ables are not straightforward. Abundances
are counts of individuals within a predefined
area, whereas the distribution of a species is
essentially a representation of the complex
spatial distribution of individuals (see Figure

1) (Brown et al. 1996). This is usually mea-
sured as the sum of occupied areas and, as
such, is always a function of how areas are
defined and delimited. Much of the confu-
sion regarding distribution-abundance rela-
tionships comes from the inherent difficulty
in relating absolute counts to measurement-
dependent distributions.

Importantly, the measurement of species’
distributions is strongly dependent upon the
scale of extent and the grain size at which
they are perceived (Hartley and Kunin 2003;
Rahbek 2005). Accordingly, the variety of
distribution definitions used in studies of dis-
tribution-abundance relationships is even
greater than those used for abundance (see
Gaston 1996; Blackburn et al. 2006; Wilson
2008). The empirically supported relation-
ship is a correlation of abundance with den-
sity of occupied sites or grid cells on a
range—a measure termed “range density” by
Hurlbert and White (2005). The extent of
the distribution is not very well-correlated
with local abundance (e.g., Harcourt et al.
2005); a recent meta-analysis showed that
studies using extent as the distribution mea-
sure generally report no correlation with
abundance (Blackburn et al. 2006). This
carries the implication that mechanisms pro-
posed to lead only to extent-abundance
correlations, such as the unified theory of
macroecology (McGill and Collins 2003), are
not able to account for observed distribu-
tion-abundance relationships.

A consequence of the spatial nature of
distribution measures is that abundance and
distribution are not expected to scale in the
same way. Accordingly, the exact slope of
distribution-abundance relationships is scale-
specific, and can only be compared between
communities censused at the same grain size
(He and Gaston 2000b) (see Figure 2). This
is further complicated by the fact that the
perception of scale varies between organisms
(Wiens 1989; Chust et al. 2003; Rahbek
2005). In any one assemblage, the same
grain size is likely to be perceived differently
by an eagle and a sparrow, for instance
(Wiens 1989).

Not all the proposed hypotheses are appli-
cable at all scales. Although the exact scale is
rarely explicitly defined in mechanistic hy-
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potheses (Collins and Glenn 1997), many of
the mechanisms are based on assumptions
that are characteristic of biological processes
operating at a specific spatial scale of resolu-
tion (see Figure 4). Scale issues are of great
importance. Analyzing a specific mechanistic
hypothesis that is operational within a given
range of spatial scales, but using data ob-
tained outside of this range to do so, can
seriously confound conclusions. For in-
stance, applying the hypothesis of density-
dependent habitat selection (O’Connor
1989) to relationships between the distribu-
tion and abundance measured at the spatial
resolution of 100x100 km grid cells is clearly
flawed. Individuals dispersing as a result of
density dependence are likely to disperse
into lower quality habitat patches that are
interspersed with optimal habitat within
the landscape matrix, and these individu-
als are not likely to affect the distribution
of the organism at a larger grain size. A
converse example would be interpreting
distribution and abundance of butterflies
in a set of closely connected forest patches
by employing the “vital rates” model (Holt

et al. 1997). This model is only applicable
at larger scales, where sites may be spaced
sufficiently far apart such that dispersal be-
tween them can be neglected. Another
equally important aspect of spatial depen-
dency is that some mechanisms, rather
than acting as competing explanations, de-
scribe processes working at different scales.
For instance, Brown’s (1984) resource use
hypothesis acts at a large landscape scale and
affects the distribution of potential habitat
rather than the distribution of individuals,
whereas metapopulation dynamics (Hanski,
1981) determine the individual occupan-
cies in a network of closely connected
patches and, hence, act at an organismic
scale nested within that of the resource use
hypothesis (Storch et al. 2008). Regardless
of these scale associations, positive distri-
bution-abundance relationships exist over
a wide range of scales and display a certain
degree of scale invariance: organisms com-
mon and widespread at one scale are gen-
erally equally so at any other (e.g., Bock
1987).

Another consequence of the spatial na-
ture of ranges is that distribution measures
are proportion data (i.e., the proportion of
the study area that is occupied). Because of

Figure 5. The Effect of Grain Size on
Measured Relationships

Log/log plots of occupancy on total population size
often exhibit saturation at large grid cell sizes. Data as in
Figure 3. A positive relationship between local abun-
dance and distribution is predicted to yield linear slopes
of �1 in this type of plot (Blackburn et al. 1997).

Figure 4. Scale Dependency of the Proposed
Mechanistic Hypotheses

Several of the hypotheses assume biological pro-
cesses that are characteristic of a certain spatial scale.
For example, meta-population dynamics depend on
dispersal between habitat patches and cannot explain
patterns at larger scales, whereas the unified theory
concerns distributional extent and is only applicable
at the largest scales. Individual aggregation models
individuals (dotted line) and is traditionally associ-
ated with local scales, although this is not a strict
assumption of aggregation theory.

March 2010 11DISTRIBUTION-ABUNDANCE RELATIONSHIPS



this, the linear trend of log-log plots of dis-
tribution on population size often shows a
flattening at high population sizes, where
distribution cannot increase further (Greg-
ory 1995; Gaston et al. 1998c; Webb et al.
2007). This behavior is caused by the grain
size or focus of the study rather than by the
extent (sensu Scheiner et al. 2000); as grain
size decreases, the flattened area moves pro-
gressively higher, and the effect almost dis-
appears at the smallest grain size (Figure 5).
The claim that this flattening is “a real phe-
nomenon” (Webb et al. 2007) seems to be
inaccurate, as it is actually a measurement
effect of grain size. Smaller variation of mea-
sured distributions among abundant species
is a product of poor resolution in this part of
the plot. A more appropriate approach is to
normalize the distribution values using logit
(logit(p):�log(p/(1�p)) transformation
(Hanski and Gyllenberg 1997; Williamson
and Gaston 1999), which generally leads to
stronger distribution-abundance relation-
ships (Blackburn et al. 2006) and removes
the above effect (Figure 3).

Sampling Bias
Spurious relationships between measured

distribution and abundance may be created
by sampling bias. If species with low densities
are more likely to elude detection at sites
where they are actually present, they will be
registered at fewer sites than more numer-
ous species, and a spurious relationship be-
tween distribution and local abundance will
result (Bock and Ricklefs 1983; Brown 1984).
This organism-specific sampling effect has
been demonstrated in empirical studies
(e.g., Selmi and Boulinier 2004) and will al-
ways contribute to distribution-abundance
analyses, especially when sampling intensity
is low or is carried out at small spatial scales.
However, the generality of distribution-
abundance relationships cannot be ascribed
only to the effect of sampling bias; positive
relationships are also found in studies where
the species inventory in each site is almost
complete (e.g., Figure 3).

Gaston and Lawton (1997) also sug-
gested that distribution-abundance rela-
tionships among related species may be
biased by phylogeny, as a result of the phy-

logenetic nonindependence of ecological
traits (Harvey and Pagel 1991). However,
this postulate has received no empirical
support (see Paivinen et al. 2005), and
there is no a priori reason to assume that
phylogeny itself should lead to the infer-
ence of spurious distribution–abundance
relationships.

Direction of Causality
Correlation between two variables indi-

cates the existence of an unresolved causal
relationship (Shipley 2004). This correlation
may indicate that one of the variables causes
the other, that both cause the other over
time, that both are caused by some external
latent (unmeasured) factor, or that the two
variables are merely measures of the same
entity (see Figure 6).

Studies of distribution-abundance pat-
terns have plotted both distribution and
abundance on the x axis. The low consis-
tency with regard to plotting this relation-
ship probably reflects a generally assumed
consensus that causality between the two
variables is likely to be bidirectional (e.g.,
Bock 1987; Gregory 1998). However, there is
no clear empirical evidence supporting this as-

Figure 6. Possible Causal Pathways for
Distribution-Abundance
Relationships

A correlation between two variables may indicate A)
that one variable causes the other; B) that both are
controlled by another (unmeasured) variable; C) that
both variables affect each other (i.e., as causality cannot
be completely mutual, they can only affect each other at
a future time [Shipley 2004]); and D) that there is no
causality as such between the variables, as they are just
different manifestations of an underlying entity.
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sumption, and the mechanistic hypotheses are
based on different assumptions of the causal
pattern underlying the distribution-abundance
correlation (as shown in Table 1).

Clarifying the causal direction of dis-
tribution-abundance relationships has im-
portant implications within the context of
conservation biology. Arguably, the most
serious threat against the world’s plants and
animal species is habitat destruction (Balmford
and Bond 2005; Jetz et al. 2007). If there is a
strong effect of distribution on the abundance
that a species can attain within the distribu-
tional range, species experiencing habitat de-
struction or range retraction as a result of cli-
matic change may actually face a “double
jeopardy” from the combined effects of small
distribution and low population numbers
(Gaston 1998; Johnson 1998). Similarly, spe-
cies whose population numbers are dwin-
dling as a consequence of human harvest-
ing may experience double jeopardy if the
influence of local abundance on distribu-
tion causes the ranges of these species to
collapse (Gaston 1999).

Types of Distribution-Abundance
Relationships

There are at least three types of relation-
ships between distribution and abundance
(Figure 1): interspecific, intraspecific tempo-
ral, and intraspecific spatial relationships. In-
terspecific relationships, which are the most
empirically well-supported, refer to a positive
correlation in a plot where each data point
represents the distribution and abundance
of one species (or other taxonomic level,
such as genus or family [e.g., Harcourt et al.
2005]). The distribution of data points usu-
ally comprises all of the species belonging to
an ecological community or taxonomic
group within the study area (Gaston 1994).
Interspecific relationships between local
abundance and distribution have been re-
ported to reveal both linear (e.g., Falster et
al. 2001) and triangular (e.g., Gaston et al.
1998c) shapes on log-log plots (“triangular,”
in this sense, means that all the points of a
scatter plot are located within a triangular
region in one corner of the graph [Brown
and Maurer 1987]). In logit distribution-log
local abundance plots, interspecific relation-

ships are generally linear (Figure 3) (Hanski
and Gyllenberg 1997; Frost et al. 2004).

Intraspecific temporal relationships de-
scribe a positive correlation between the distri-
bution and abundance of a single species
where each data point is a point in time—for
instance, a census done each year over a longer
period of time (e.g., Gaston et al. 1999a). In-
traspecific temporal relationships are far less
prevalent than interspecific ones, and positive,
negative, and nonsignificant intraspecific tem-
poral relationships have all been reported
(Gaston et al. 1999a; Borregaard and Rahbek
2006). In fact, the question of whether positive
intraspecific temporal relationships are a gen-
eral phenomenon is still not settled (Gaston et
al. 1998a), although recent evidence indi-
cates that they are exhibited by most species
of an assemblage over longer time scales (10
years) (Borregaard and Rahbek 2006; Zuck-
erberg et al. 2009).

Somewhat misleadingly, most researchers
refer to temporal relationships merely as “in-
traspecific relationships” (but see Venier and
Fahrig 1998 and Guo et al. 2000 for excep-
tions). However, intraspecific spatial distri-
bution-abundance relationships also appear
in the literature. These refer to a positive
relationship between the density of occupied
sites and the local abundance across differ-
ent parts of a species’ range, with the greatest
abundance and occupancy usually occurring
near the central parts of the range (Whit-
taker 1965; Brown 1984). Although this pat-
tern is generally assumed to exist, only few
empirical analyses actually demonstrate it
(but see Venier and Fahrig 1998), and there
are also theoretical grounds upon which to
assume an opposing, negative relationship. If
the relative lack of dispersers near the range
edges leads to extinction of patches with low
abundance, then only a few high-abundance
patches will persist here, thus leading to a
pattern of larger local abundances together
with lower occupancy near range edges
(Hanski 1999; Paivinen et al. 2005).

Structural and Dynamic Modes of
Causality

Although the three types of distribution-
abundance relationships may be perceived as
different patterns, they are not causally inde-
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pendent and can all be generated, indirectly,
by the same set of processes; however, the
causal pathways leading from the processes
to each type of relationship are different (see
Figure 7). There are two main causal pathways
for distribution-abundance relationships, and
each generates the three types of relationships
in different manners. We refer to these as
“structural” and “dynamic” causality.

To illustrate this point, consider the cau-
sality of interspecific relationships. These re-
lationships may arise because of differences
between the species of an assemblage, as
some species have ecological characteristics
that enable them to attain a greater distribu-
tion and a larger local abundance than
others. This is an example of “structural”
causality; the distribution-abundance rela-
tionship is a result of the attributes of the
studied system, and is not likely to be very

dynamic over time. On the other hand, in-
terspecific relationships may arise because
we are comparing species that each under-
goes some dynamic process linking distribu-
tion and abundance, and, in this case, a
positive relationship will occur even in the
absence of any species differences. This is an
example of “dynamic” causality. The distinc-
tion is conceptually similar to that between
neutral and niche-based models of commu-
nity assembly, but it does not represent two
competing models, as the two modes of cau-
sality act together in most cases to generate
the relationship.

Structurally causal models follow the type
of causality illustrated in Figure 6B. A rela-
tionship between distribution and abun-
dance is created because both are affected by
some latent variable, such as the range of
resources employed by a species. A conse-

Figure 7. Causality of Distribution-Abundance Relationships
The flow diagram illustrates the interlinks between the types of distribution-abundance relationships and the

different types of causality. The solid line denominates structural causality, the uniform dashed line represents
dynamic causality, and the slashed dotted line indicates measurement effects. (See the text for details.)
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quence of this is that distribution and abun-
dance are not directly causally linked (i.e.,
there are no arrows leading from one to the
other in Figure 6B). Therefore, if the distri-
bution of a species were suddenly halved by
habitat destruction, these models would not
necessarily predict any abundance changes
in the remaining habitat.

Even though they are not dynamic per se,
structural mechanisms will lead to temporal
intraspecific relationships if the latent variable
(e.g., the niche of a species) changes over time
(Gaston and Lawton 1997). Such temporal
changes are predicted to move the species
along the regression line of the interspecific
relationship in distribution-abundance scatter
plots—a pattern which has not been found in
empirical studies (Webb et al. 2007). However,
this is probably not a very common cause of
temporal relationships.

Dynamic causality works through a direct
mechanistic linkage between distribution
and abundance—the type of causality illus-
trated in Figure 6C. This implies that if one
of the variables changes, it will be reflected
by changes in the other; hence, distribution
and abundance will track each other dynam-
ically over time, although there may be a time
lag in the response of one variable to the other
(Gaston et al. 1999b; Conrad et al. 2001). Be-
cause the distribution and abundance of the
same species are linked, the direct effect of
dynamic causality is to create intraspecific tem-
poral distribution-abundance relationships. As
described above, dynamic causality will also
generate interspecific relationships, al-
though differences in the biology of spe-
cies (e.g., dispersal ability) will generate
“noise” and may lead to triangular relation-
ships (Hartley 1998; Harte and Ostling
2001).

It should be noted that the division into
dynamic and structural mechanisms is not
clear-cut. Metapopulation dynamics, for in-
stance, have both dynamic and structural
components. The basic model has dynamic
causality, as it provides a mechanistic linkage
between the distribution and abundance of
one species: both distribution and abun-
dance contribute to the number of dispers-
ers in the system, and both are again affected
by the number of dispersers. But interspe-

cific differences in dispersal propensity, for
example, which may affect both distribution
and abundance (Figure 6B), will contribute
to interspecific relationships in a structural
manner (this was discussed, though using
different terms, in Hanski et al. 1993).

Figure 7 shows the causal linkage between
intraspecific temporal and interspecific rela-
tionships. In addition, intraspecific spatial
relationships may lead to local interspecific
distribution-abundance relationships; this
occurs if the study area overlaps the central
part of the range of some species, and the
edges of the ranges of others (Brown 1984).
This has been termed the “range position”
hypothesis (Gaston and Gregory 1997) (see
Table 1), but it is not a first order biological
mechanism in itself.

The higher empirical prevalence of inter-
specific relationships (Gaston et al. 1999a)
seems to indicate that structural mechanisms
play a role in the causality of distribution-
abundance relationships; however, as tempo-
ral relationships are regularly observed (e.g.,
Borregaard and Rahbek 2006), there is also
evidence for dynamic mechanisms. A num-
ber of factors may make intraspecific rela-
tionships appear weaker than they are. For
instance, the time lag of intraspecific causal-
ity tends to increase the statistical noise in
representations of the intraspecific distribu-
tion-abundance relationship, and may pose a
major problem for the detection of patterns
(Conrad et al. 2001). Furthermore, it has
been argued that temporal changes in the
distribution and abundance of a single spe-
cies are generally of a significantly smaller
magnitude than the range of values across
the entire assemblage, which may in itself
make it more difficult to detect intraspecific
relationships (Gaston et al. 1999a).

A last group of mechanisms can be said to
operate within a third mode of “causality,”
where distribution and abundance are not
separate entities, but merely two represen-
tations of the same pattern (as argued by
Gregory 1998) (see Type D in Figure 6). For
example, an interpretation of self-similarity
theory is that distribution and abundance
are just manifestations, at different scales, of
a scale-invariant clustering tendency of spe-
cies distributions, measured by the fractal
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dimension (Kunin et al. 2000). This is not a
causal relationship, but occurs because
distribution and local abundance are both
measures of the spatial configuration of in-
dividuals (see above) and, hence, are not
necessarily independent. Such nonindepen-
dence between measurement of distribution
and measurement of abundance may cause
the observed relationship between distribu-
tion and abundance to be tightly dynamic. A
change in one of the measured variables is
immediately mirrored in the measurement
of the other variable. Although the consider-
ation of nonindependence is conceptually
important, self-similarity in itself must still
have a cause. Thus, some other mechanism-
based factor must link the distributional pat-
terns of species across different spatial scales,
following a straightforward Type B causality
(Figure 6).

A Fresh Look at the Mechanisms:
What are Distribution-Abundance
Relationships, and How Are They

Created?
Hypotheses proposed to explain distribu-

tion-abundance relationships can be divided
into groups based on their type of causality.
These groups represent views describing
complementary components of the process
that determines the distribution and abun-
dance of species, and an integrated ap-
proach incorporating these viewpoints is
needed to give a full picture of ecological
causality.

The hypotheses are formulated broadly,
emphasizing general ecological structures
and dynamics while ignoring potential differ-
ences between organisms. This is clearly an
oversimplification. As previously noted, each
hypothesis pertains to a certain range of
scales and to certain measures of distribution
and abundance, and each also reflects the
biology of the organism. For instance, meta-
population dynamics are expected to occur
at very different time scales for a population
of fruit flies than for forest trees. Studies
should consider the explicit causality im-
plied in relation to the temporal and spatial
scale of the study, as well as how distribution
and abundance were measured, and the way
in which the organism at the focus of the

study may perceive scale (Wiens 1989; Rah-
bek 2005).

structural hypotheses
Structural hypotheses have tended to deal

with the amount of resources available to
organisms. As originally formulated, the “re-
source use” hypothesis is based on the
breadth of resource usage (Brown 1984): a
species that can exploit a wider range of dif-
ferent resources is expected to be able to
exist over larger areas, and is also expected
to attain a higher density where it does oc-
cur, as a greater range of resources would be
available to the organism at any specific site.
A problematic implication of this argument
is that there should be no advantage to hab-
itat specialization, which can be expressed as
a trade-off between high distribution and
high local abundance. Since a specialist may
be more efficient than a generalist at exploit-
ing the same resource, it may be able to
attain a high abundance locally, at the cost of
a wide distribution. This implication seems
unrealistic in many cases, and there is some
empirical evidence that a high degree of re-
source specialization may counteract the re-
source use mechanism and lead to negative
distribution-abundance relationships (see
Paivinen et al. 2005 for an example among
butterflies in Finland). In spite of this, many
authors, somewhat misleadingly, refer to the
hypothesis as the specialist-generalist hypoth-
esis (e.g., Kotze et al. 2003).

Despite the intuitive appeal of the re-
source hypothesis, the central assumption
that high resource breadth should result in
the attainment of higher local abundance
has not always been empirically supported
(e.g., Gregory and Gaston 2000; Köckemann
et al. 2009), although several empirical stud-
ies have supported this and all other key
assumptions of the hypothesis (Barger and
Esch 2002; Kotze et al. 2003; Heino 2005).
Breadth of resource use practically always
correlates well with distribution (e.g., Har-
court et al. 2005), and so claims that the
resource use hypothesis can be discarded on
the basis of empirical evidence (e.g., Paivi-
nen et al. 2005) seem premature.

Alternatively, a species may have more re-
sources available to it if it is specialized with
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respect to a very plentiful resource. This “re-
source availability” hypothesis argues that
some species will be more widespread and
abundant if the resources that they use are
themselves both widespread and abundant
(Hanski et al. 1993). As the mechanism de-
pends on a correlation between the distribu-
tion and abundance of the resource, it has
been argued that this explanation merely
moves the question of causality to a lower
trophic level (Hanski et al. 1993) and, there-
fore, is a secondary-level mechanism (i.e.,
the distribution and abundance of the re-
source still remains to be explained).

Since the distribution of resources is auto-
correlated in the environment, the resource-
based hypotheses are predicted to lead to
intraspecific spatial distribution-abundance
relationships. The amount of suitable re-
sources and habitat is predicted to be highest
in an area close to the center of the range of
the species, and to diminish away from this
point. As the amount of resource available
controls both distribution and abundance, a
similar pattern is expected to appear for
these two variables, creating a spatially uni-
modal relationship (Brown 1984; Brown et
al. 1995).

The resource use of an organism has been
interpreted as its “niche,” so that resource
breadth is measured by niche width, and re-
source availability by niche position (Gaston
and Lawton 1997).This is convenient, since
niche width and niche position can be quan-
tified by using ordination analysis (Gregory
and Gaston 2000; e.g., Tales et al. 2004), for
example, or co-occurrence data (Fridley et
al. 2007). However, care must be taken when
using niche measures to evaluate resource-
based hypotheses, as the niche encompasses
both biotic resources as well as abiotic con-
ditions (Hutchinson 1957). Investigations of
the impact of niche factors on distribution-
abundance relationships should therefore
consider the causality implied, and not
merely invoke the theory of resource avail-
ability. The link between niche and distribu-
tion size is straightforward (Grinnell 1917),
whereas the influence of niche on abun-
dance is far less clear and depends on how
the niche is defined. While the idea that
more resources will allow a species to be-

come more abundant is not a matter of con-
tention, there is no obvious link between the
commonality of a habitat—or any set of abi-
otic conditions—and abundance.

Several studies have reported strong cor-
relations between niche position and both
distribution and local abundance (Gregory
and Gaston 2000; Tales et al. 2004; Heino
2005). However, in these studies, niche posi-
tion was based on habitat conditions at the
site where the species was found. This means
that the resource availability mechanism, as
described here, cannot explain the distribu-
tion-abundance correlations in these studies.
Instead, studies quantifying the niche from
habitat variables may in fact be comparing
occupancy at two scales. When the grain size
of a study is coarser than the scale of habitat
turnover, the species associated with the
most sparsely distributed habitat will appear
to have lesser abundance than the species
that are evenly distributed over the land-
scape, even though the abundance within
the species’ habitats may be the same.

In a paper entitled “Back to basics,” Holt
et al. (1997) generalized the structurally
causal mechanism and integrated it with a
population ecological perspective. Framing a
theory of distribution-abundance relation-
ships in terms of a simple population model,
they described the limiting case in which no
spatial dispersal connects the occupied sites,
effectively enabling the model to ignore dy-
namic processes directly linking distribution
and abundance. In such a system, the relative
growth rate r of a population is determined
by the rates of birth and death—the “vital
rates” of the population. High r leads to
higher local abundances, and, since all sites
with r � 0 are predicted to be occupied, a
correlation of abundance and distribution is
expected (Figure 6B with r as the latent vari-
able), assuming that the r of populations of
the same species are correlated (e.g., be-
cause death rates are identical).

The idea is conceptually similar to Brown’s
resource use hypothesis, which can be thought
of as a special case of vital rates dynamics—the
case in which the variation in r between species
is determined by the resource usage of the
species. Additionally, the vital rates model
makes explicit the required assumption that
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the strength of density-dependence is similar
among species (Holt et al. 1997). Since the
vital rates model is cast explicitly in terms of
demographic parameters, it should, at least in
theory, be more amenable to empirical testing.
However, very few empirical tests of this model
have been conducted, probably because of the
inherent difficulty in measuring population-
level birth and death rates.

One prediction of the vital rates model is
that interspecific distribution-abundance
relationships should be shaped by the dis-
tribution of habitat suitability on the land-
scape and its effect on the birth rates of
populations. This prediction was recently
tested by Freckleton et al. (2006), in a
study that provided support for several of
the predictions of the vital rates model.

dynamic mechanisms
For a species to be present in an area, the

presence or availability of suitable habitat and
environment is not sufficient. The species also
has to be able to reach the area and must be
sufficiently numerous (in terms of individuals)
for viable population dynamics to occur (Han-
ski 1999). Whereas resource-based mecha-
nisms determine the distribution and size of
areas that are potentially habitable by a species,
population dynamic mechanisms determine
how large a proportion of these habitable sites
will be occupied by the species at any given
time (see Figure 8 for an example).

According to the metapopulation theory
for distribution-abundance relationships, a
positive correlation between site occupancy
and local population arises due to dispersal
between patches of suitable habitat (Hanski
1991a,b). The causality works in both direc-
tions, and is based on the number of dispers-
ing individuals in the metapopulation. This
number is assumed to be a function of the
number of occupied patches, as well as the
abundance at each patch. A larger number
of dispersers will act to increase patch occu-
pancy by increasing the number of coloniza-
tion events, and may also serve to prevent
small subpopulations from undergoing ex-
tinction (the “rescue effect”) (Hanski and
Gyllenberg 1993). If the level of dispersal is
sufficiently high compared to local popula-
tion growth, immigrants may increase the
local abundance of subpopulations by facili-
tating a more rapid attainment of carrying
capacity (Hanski et al. 1993).

The metapopulation hypothesis has re-
ceived some empirical support. Gonzalez et al.
(1998) found that distribution-abundance re-
lationships in a system of moss patches on
rocks disappeared when dispersal between
patches was prevented, and Riis and Jensen
(2002) demonstrated that aquatic plant species
with better dispersal ability exhibited stronger
relationships between site occupancy and local
abundance. However, some authors have
questioned whether most species exhibit
metapopulation dynamics at the relevant
temporal and spatial scales (e.g., Lawton
1996; Newton 1997; Cowley et al. 2001).

Dynamic causality is not confined to popu-
lation dynamic mechanisms. A hypothesis
based on resources was proposed by O’Connor
(1987), who argued that individuals in popula-
tions existing at high densities could be forced
to colonize lower quality habitats, which is ef-
fectively equivalent to increasing the width of
the realized niche. This “density-dependent
habitat selection” is expected to lead to distri-
bution-abundance correlations at very local
scales, although it is unlikely to result in the
linear relationships shown in Figure 3. Since
density is expected to be lower in the low-
quality habitat, this mechanism might even
lead to a negative correlation between occu-
pancy and average local density (Paivinen et al.

Figure 8. The Relationship between Structural
and Dynamic Causal Pathways

Different mechanisms affect different aspects of the
distribution of species, and may work together to create
observed patterns. Here the interaction is demonstrated
for the most commonly quoted hypotheses: the re-
source use hypothesis and meta-population dynamics.
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2005). Nevertheless, this mechanism has been
demonstrated to play an important role for
some organisms, such as cod in the North At-
lantic (Blanchard et al. 2005).

A hypothesis aimed at integrating these
views was proposed by Venier and Fahrig
(1996, 1998), who suggested that a synthesis
between habitat availability and dispersal dy-
namics would not have to make meta-
population assumptions in order to generate
distribution-abundance relationships: If a
species can establish and breed in a larger pro-
portion of the available landscape, a larger
proportion of dispersal propagules will be suc-
cessful and will elevate both local abundance
and site occupancy at a landscape scale.

interspecies interactions
At inspection, all of the proposed mecha-

nisms are found to fall within a noninteracting
community paradigm, in which species act out
their population processes independently of
the other species within the community. How-
ever, species interactions are a fact of ecologi-
cal reality and are repeatedly found in local as
well as individual-based studies (e.g., Brown et
al. 2001; Suttle et al. 2007). In addition, the
long-lasting debate concerning whether spe-
cies interactions play an important role in
structuring community-level patterns now
seems to indicate that this is in fact the case
(Gotelli and McCabe 2002). Processes such as
interspecific competition could certainly play
an important role in structuring interspecific
distribution-abundance relationships (Holt et
al. 2002b). By way of example, competitively
dominant species have been hypothesized to
expropriate portions of the potential niche
space of other species, enabling the dominants
to attain higher species densities and greater
geographical distributions (McNaughton and
Wolf 1970). The mechanism driving this pro-
cess is basically an extension of the resource
use hypothesis to incorporate interactions be-
tween the niches of species in the community.
This “competitive dominance” hypothesis is
also amenable to the critique that the effi-
ciency of a species at exploiting a resource may
be related to niche breadth (as noted above
for specialists vs. generalists); i.e., the com-
petitive dominant may have a smaller niche,
and hence attain a smaller spatial distribution

(the “included niche” phenomenon) (Chase
1996).

Although the dispute over the influence of
interspecific interactions on community pat-
terns has persisted for more than 30 years (Di-
amond 1975; Connor and Simberloff 1979;
Gotelli and McCabe 2002), their potential im-
portance for distribution-abundance relation-
ships has been addressed by few studies. In
studies of microcosms, Holt et al. (2002b) dem-
onstrated that communities where several
species were allowed to interact did, in fact,
generate stronger distribution-abundance rela-
tionships than noninteracting communities.
While these results are promising, microcosms
are different from natural systems (Rick-
lefs 2004), and we have yet to see any field
studies demonstrating the role of interspecific
interactions.

Distribution-Abundance
Relationships as Spatial Aggregation

Based on an argument by Wright (1991), a
different school of thought maintains that
distribution-abundance relationships are
merely the result of the clumped nature of
the spatial distribution of organisms (Hartley
1998; Holt et al. 2002a). To understand this,
one can consider two extreme cases for a
species increasing its population size: (1) if
new individuals never occupy the same site as
existing individuals, the number of occupied
sites will increase linearly with population
size, and (2) if new individuals always settle
in already occupied sites, the local abun-
dance will increase linearly with population
size. For any case between those two ex-
tremes, both the number of occupied sites
and the local abundance will increase when
population size increases (Figure 6B).

Accordingly, even if the individuals of a
species are randomly distributed, a positive
distribution-abundance relationship can be
expected (Wright 1991). This suggests that a
Poisson distribution is a more correct null hy-
pothesis for testing distribution-abundance re-
lationships than the flat baseline assumption of
no relationship that is used in most studies
(Hartley 1998; for a discussion of null models,
see Gotelli and Graves 1996). However, the use
of a Poisson-based baseline has not, somewhat
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surprisingly, been generally implemented (but
see Falster et al. 2001; Conlisk et al 2009).

Regressions of observed values of local
abundance on distribution size are steeper
than those predicted by the Poisson distribu-
tion (Wright 1991). However, the distribu-
tion of most organisms is not random but
rather exhibits some degree of spatial aggre-
gation, which may be modeled as a negative
binomial (or similar) distribution (Hartley
1998; He et al. 2002). Using realistic values for
the aggregation parameter in these distribu-
tions renders a good fit with observed distribu-
tion-abundance relationships (Hartley 1998).

Modeling aggregation patterns of individ-
uals usually assumes rather small spatial ex-
tents (e.g. Hartley 1998) in which the habitat
is relatively homogenous; however, there is
no reason why aggregation at higher levels
could not also be described by models of
individual aggregation (hence the dotted
line in Figure 4).

A different way of expressing aggregation in
species’ distributions is described by the self-
similarity theory. Whereas the individual aggre-
gation theory models the structure of species
distributions at larger scales from very local-
scale, individual locations, the self-similarity
theory takes a top-down approach and uses
large-scale distribution patterns to model ag-
gregation at smaller scales (Kunin et al. 2000).
The basis for this model is an observation
that many natural patterns have a similar
structure regardless of spatial scale; i.e., they
have fractal properties (Halley et al. 2004).
The distribution of the individuals of a spe-
cies is one measure that has been shown to
be self-similar over a certain range of scales
(Ostling et al. 2000). Models incorporating
this species-level self-similarity consistently
generate a positive relationship between oc-
cupancy and local abundance (Harte and
Ostling 2001).

Since self-similarity theory makes explicit
mathematical predictions about the relation-
ship between distribution and abundance, a
number of studies have attempted to use it to
estimate abundance directly based on the
density of occupied sites at larger scales. The
studies carried out so far have yielded some
promising results (Hui and McGeoch 2007;
Conlisk et al 2009), with potential applica-

tion for conservation-orientated monitoring
programs (Kunin 1998; He and Gaston
2000a; Figueiredo and Grelle 2009).

The main theoretical difficulty associated
with the application of the self-similarity
hypothesis to distribution-abundance rela-
tionships is that it is not clear whether the
self-similarity condition should be assumed
to apply to the distribution of individuals of
one species (species-level self-similarity), or
to the distribution of the species within a
community (community-level self-similarity)
(Harte et al. 1999; Ostling et al. 2000). These
two types of self-similarity are mutually exclu-
sive unless the fractal dimensions of all spe-
cies are identical (Green et al. 2003), and
only species-level similarity is expected to
lead to realistic distribution-abundance
relationships (Harte and Ostling 2001).
However, it has been suggested that the ho-
mogenizing effect of factors such as geomet-
ric constraints and the distribution of habitat
on the fractal dimension of species could
reconcile these theories (Sizling and Storch
2004).

Recently, Storch and colleagues imple-
mented the general concept of aggregation as
a determinant of most macroecological pat-
terns in a framework based on the idea of
“general fractals” (Storch et al. 2008). By sub-
dividing patches into random sub-patches at
consecutive, discrete levels of spatial scale in a
simulation model, they were able to generate
several empirically established macroecological
patterns, including species-area relationships
and realistic abundance frequency distribu-
tions. They also suggested that the distribution-
abundance relationship might be explained by
this framework. This work further strengthens
the argument for an aggregation-based causal-
ity for distribution-abundance relationships.

It has been repeatedly argued that the
concept of spatial aggregation is merely a
way of rephrasing distribution-abundance re-
lationships in terms of a different pattern
and is, thus, of limited value (Gaston et al.
1998b; Paivinen et al. 2005; Blackburn et al.
2006). However, synonymizing separate pat-
terns and combining the theory surrounding
them is in itself a worthwhile goal of theoret-
ical science (Lakatos 1978). Furthermore, it
should not be overlooked that if distribution-
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abundance relationships are merely another
expression of aggregation across spatial
scales, this will significantly increase the num-
ber of potential mechanisms and change our
view of their causality. Any behavioral or eco-
logical process that acts to increase aggregation
(e.g., limitations on juvenile dispersal, flocking
behavior, and habitat requirements) will then
play a role in generating distribution-
abundance relationships.

This accounts for the appearance of distri-
bution-abundance relationships in the neu-
tral model of biodiversity (Hubbell 2001). In
neutral models, distribution-abundance rela-
tionships appear as a result of the spatial
structure of colonization and dispersal on
the community grid (Bell 2000, 2001). These
factors act to produce positive relationships
through their combined effect on the spatial
aggregation of individuals, as dispersers origi-
nate from a few colonized spots and move only
a limited distance before settling (Bell 2001).

Not only does spatial aggregation underlie
the distribution-abundance relationships gen-
erated by these “unifying theories” of macro-
ecology (Harte et al. 1999; Bell 2001; McGill
and Collins 2003; Storch et al. 2008), but, as
described in the section on structural mecha-
nisms, it may also be the factor driving the
effect of niche characteristics on relationships
between distribution and abundance, as habi-
tat specificity creates aggregation.

A Tentative Synthesis
Have all the pieces of the puzzle regarding

the causality of distribution-abundance rela-
tionships fallen into place? Not quite yet. But
the scale-specific causal framework outlined
in this paper indicates how the complete pic-
ture may appear.

Distribution-abundance relationships occur
as a complex interplay of ecosystem structural
factors and the dynamics of individual popula-
tions (Figure 7). The different habitat and re-
source requirements of organisms mean that
each species perceives the landscape in a spe-
cific manner. Species with abundantly available
resources have dense distributions and attain
greater local abundances, resulting in positive
interspecific distribution-abundance relation-
ships. Within that context, population dy-
namics link the occupancy of habitat patches

with local abundances of each species dy-
namically, creating consistent relationships
across time (temporal intraspecific relation-
ships). These two pathways are not sharply de-
limited, and they affect each other mutually.
Since interspecific relationships are compari-
sons of species that each experience popula-
tion dynamics, these relationships are also
affected by dispersal-based mechanisms, al-
though the effect may be obscured by species
differences. Similarly, since the resource basis
for species varies in time and space, both tem-
poral and local spatial relationships of the dis-
tribution and abundance of individual species
will be created by the structural causal pathway.

This entire system describes a series of pro-
cesses that causally link distribution and
abundance as though they were two separate
measures. However, it is questionable
whether they can be treated like completely
independent entities. The spatial clustering
will affect measures of both distribution and
abundance for each species, further contrib-
uting to linking the two variables. This non-
causal link has very different properties from
the mechanistic hypotheses, as it is primarily
an effect of how distribution and abundance
are measured and defined. Importantly, this
view of distribution-abundance relationships
allows for a much wider range of potential
ecological explanations. However, the de-
gree to which distribution and abundance
are mechanistically linked or merely linked
through aggregation remains a largely unre-
solved question that should be a priority for
future investigations. This can only be inves-
tigated, most likely, through controlled
experiments specifically targeted at the indi-
vidual hypotheses. The few experimental
studies that have been conducted thus far
seem to indicate that a mechanistic causality
plays at least some role in generating the
various forms of distribution-abundance re-
lationships (e.g., Gonzalez et al. 1998).
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Köckemann B., Buschmann H., Leuschner C. 2009.
The relationship between abundance, range size
and niche breadth in Central European tree spe-
cies. Journal of Biogeography 36:854–864.

Kotze D. J., Niemela J., O’Hara R. B., Turin H. 2003.
Testing abundance-range size relationships in Eu-
ropean carabid beetles (Coleoptera, Carabidae).
Ecography 26:553–566.

Kunin W. E. 1998. Extrapolating species abundance
across spatial scales. Science 281(5382):1513–1515.

Kunin W. E., Hartley S., Lennon J. J. 2000. Scaling
down: on the challenge of estimating abundance
from occurrence patterns. American Naturalist 156:
560–566.

Lacy R. C., Bock C. E. 1986. The correlation between
range size and local abundance of some North
American birds. Ecology 67:258–260.

Lakatos I. 1978. Philosophical Papers. Cambridge (UK):
Cambridge University Press.

Lawton J. H. 1996. Population abundances, geo-
graphic ranges and conservation: 1994 Witherby
Lecture. Bird Study 43:3–19.

Leibold M. A., Holyoak M., Mouquet N., Amarasekare
P., Chase J. M., Hoopes M. F., Holt R. D., Shurin
J. B., Law R., Tilman D., Loreau M., Gonzalez A.
2004. The metacommunity concept: a framework
for multi-scale community ecology. Ecology Letters
7:601–613.

Lyons S. K., Willig M. R. 2002. Species richness, lati-
tude, and scale-sensitivity. Ecology 83:47–58.

McGill B., Collins C. 2003. A unified theory for mac-
roecology based on spatial patterns of abundance.
Evolutionary Ecology Research 5:469–492.

McGill B. J., Etienne R. S., Gray J. S., Alonso D., Ander-
son M. J., Benecha H. K., Dornelas M., Enquist B. J.,
Green J. L., He F., Hurlbert A. H., Magurran A. E.,

24 Volume 85THE QUARTERLY REVIEW OF BIOLOGY



Marquet P. A., Maurer B. A., Ostling A., Soykan
C. U., Ugland K. I., White E. P. 2007. Species abun-
dance distributions: moving beyond single predic-
tion theories to integration within an ecological
framework. Ecology Letters 10:995–1015.

McNaughton S. J., Wolf L. L. 1970. Dominance and
the niche in ecological systems. Science 167(3915):
131–139.

Nee S., Gregory R. D., May R. M. 1991. Core and satellite
species: theory and artefacts. Oikos 62:83–87.

Newton I. 1997. Links between the abundance and
distribution of birds. Ecography 20:137–145.

Novotny V. 1991. Effect of habitat persistence on the
relationship between geographic-distribution and
local abundance. Oikos 61:431–433.

O’Connor R. J. 1987. Organization of avian assem-
blages: the influence of intraspecific habitat
dynamics. Pages 163–183 in Organization of Com-
munities: Past and Present, edited by J. H. R. Gee
and P. S. Giller. Oxford (UK): Blackwell Scientific
Publications.

Ostling A., Harte J., Green J. L., Condit R. 2000.
Self-similarity and clustering in the spatial distri-
bution of species. Science 290:671a.

Paivinen J., Grapputo A., Kaitala V., Komonen A.,
Kotiaho J. S., Saarinen K., Wahlberg N. 2005. Neg-
ative density-distribution relationship in butter-
flies. BMC Biology 3:5.

Pollard E., Moss D., Yates T. J. 1995. Population
trends of common British butterflies at monitored
sites. Journal of Applied Ecology 32:9–16.

Rahbek C. 2005. The role of spatial scale and the
perception of large-scale species-richness patterns.
Ecology Letters 8:224–239.

Rahbek C., Graves G. R. 2001. Multiscale assessment
of patterns of avian species richness. Proceedings of
the National Academy of Sciences USA 98:4534–4539.

Reif J., Horak D., Sedlacek O., Riegert J., Pesata M.,
Hrazsky Z., Janecek S., Storch D. 2006. Unusual
abundance-range size relationship in an Afromon-
tane bird community: the effect of geographical
isolation? Journal of Biogeography 11:1959–1968.

Ricklefs R. E. 2004. A comprehensive framework for global
patterns in biodiversity. Ecology Letters 7:1–15.

Riis T., Sand-Jensen K. 2002. Abundance-range size
relationships in stream vegetation in Denmark.
Plant Ecology 161(2):175–183.

Rosenzweig M. L. 1995. Species Diversity in Space and Time.
Cambridge (UK): Cambridge University Press.

Scheiner S. M., Cox S. B., Willig M. R., Mittelbach
G. G., Osenberg C., Kaspari M. 2000. Species rich-
ness, species-area curves, and Simpson’s paradox.
Evolutionary Ecology Research 2:791–802.

Selmi S., Boulinier T. 2004. Distribution-abundance
relationship for passerines breeding in Tunisian
oases: test of the sampling hypothesis. Oecologia
139:440–445.

Shipley B. 2004. Cause and Correlation in Biology: A
User’s Guide to Path Analysis, Structural Equations
and Causal Inference. Cambridge (UK) and New
York: Cambridge University Press.

Sizling A. L., Storch D. 2004. Power-law species-area
relationships and self-similar species distributions
within finite areas. Ecology Letters 7:60–68.

Storch D., Sizling A. L., Reif J., Polechova J., Sizlin-
gova E., Gaston K. J. 2008. The quest for a null
model for macroecological patterns: geometry of
species distributions at multiple spatial scales. Ecol-
ogy Letters 11:771–784.

Suttle K. B., Thomsen M. A., Power M. E. 2007. Spe-
cies interactions reverse grassland responses to
changing climate. Science 315:640–642.

Symonds M. R. E., Johnson C. N. 2006. Range size-
abundance relationships in Australian passerines.
Global Ecology and Biogeography 15:143–152.

Tales E., Keith P., Oberdorff T. 2004. Density-range
size relationships in French riverine fishes. Oecolo-
gia 138:360–370.

Thompson K., Hodgson J. G., Gaston K. J. 1998.
Abundance-range size relationships in the herba-
ceous flora of central England. Journal of Ecology
86:439–448.

Venier L. A., Fahrig L. 1996. Habitat availability causes the
species abundance-distribution relationship. Oikos 76:
564–570.

Venier L. A., Fahrig L. 1998. Intra-specific abundance-
distribution relationships. Oikos 82:483–490.

Webb T. J., Noble D., Freckleton R. P. 2007. Abundance-
occupancy dynamics in a human dominated envi-
ronment: linking interspecific and intraspecific
trends in British farmland and woodland birds.
Journal of Animal Ecology 76(1):123–134.

Whittaker R. J. 1965. Dominance and diversity in land
plant communities. Science 147:250–259.

Wiens J. A. 1989. Spatial scaling in ecology. Functional
Ecology 3:385–397.

Williamson M., Gaston K. J. 1999. A simple transforma-
tion for sets of range sizes. Ecography 22:674–680.

Willig M. R., Kaufman D. M., Stevens R. D. 2003.
Latitudinal gradients of biodiversity: pattern, pro-
cess, scale, and synthesis. Annual Review of Ecology,
Evolution, and Systematics 34:273.

Wilson P. D. 2008. The pervasive influence of sampling
and methodological artefacts on a macroecologi-
cal pattern: the abundance-occupancy relation-
ship. Global Ecology and Biogeography 17:457–464.

Wright D. H. 1991. Correlations between incidence
and abundance are expected by chance. Journal of
Biogeography 18:463–466.

Zuckerberg B., Porter W. F., Corwin K. 2009. The
consistency and stability of abundance-occupancy
relationships in large-scale population dynamics.
Journal of Animal Ecology 78(1):172–181.

Associate Editor: Monica G. Turner

March 2010 25DISTRIBUTION-ABUNDANCE RELATIONSHIPS


