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Abstract

The pervasive idea that species should be most abundant in the centre of their geographic range
or centre of their climatic niche is a key assumption in many existing ecological hypotheses and
has been declared a general macroecological rule. However, empirical support for decreasing pop-
ulation abundance with increasing distance from geographic range or climatic niche centre
(distance–abundance relationships) remains fairly weak. We examine over 1400 bird, mammal, fish
and tree species to provide a thorough test of distance–abundance relationships, and their associa-
tions with species traits and phylogenetic relationships. We failed to detect consistent distance–
abundance relationships, and found no association between distance–abundance slope and species
traits or phylogenetic relatedness. Together, our analyses suggest that distance–abundance relation-
ships may be rare, difficult to detect, or are an oversimplification of the complex biogeographical
forces that determine species spatial abundance patterns.
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INTRODUCTION

A shared common goal of macroecology, biogeography and
population ecology is to understand the distribution of species
abundances across geographic space (Gaston & Blackburn
2003; Vandermeer & Goldberg 2013). One such species abun-
dance pattern is the tendency for species to be most abundant
in the centre of their geographic ranges (Hengeveld & Haeck
1982; Brown 1984; Holt et al. 1997; McGill & Collins 2003).
This phenomenon, sometimes referred to as the abundant centre
hypothesis (Sagarin et al. 2006), is one of many distribution–
abundance relationships in macroecology, which attempt to
relate species abundance patterns to geographic extent (e.g.
occupancy, geographic range area, etc.). Under the umbrella of
distribution–abundance relationships, the way both distribution
and abundance are quantified can have a large influence on the
resulting relationship. For instance, quantifying distribution as
the number of occupied spatial grid cells typically yields positive
relationships with abundance (abundance–occupancy relation-
ships; Gaston & Blackburn 2003), but variation in this relation-
ship exists when measured at different spatial scales, or if
distribution is defined as geographic extent (Blackburn et al.
2006). Distance–abundance relationships are a subset of distribu-
tion–abundance relationships that relate the distance from the
centre of a species geographic range to local population sizes,
which tests the hypothesis that species are most abundant at
their range centres. Further, the distance–abundance relation-
ship is a common assumption of theoretical modelling efforts
(Gaston & Blackburn 2003; Sagarin et al. 2006), has been used
to inform conservation and management decisions (Borregaard
& Rahbek 2010), and has served as the basis for many biogeo-
graphic and macroecological hypotheses (Sagarin et al. 2006).
However, empirical support for distance–abundance relation-

ships is mixed (Sagarin & Gaines 2002; Pironon et al. 2016),

with no clear causal basis (Borregaard & Rahbek 2010).
Studies on trees (Murphy et al. 2006; Ren et al. 2013) and
coastal plants (Samis & Eckert 2007) failed to detect distance–
abundance relationships, while evidence has been found for a
small number of animal species (Mart�ınez-Meyer et al. 2013).
The variable support for distance–abundance relationships
may relate to how distance is quantified, the spatial scale of
studies, or ecological and biogeographic differences in species
groups through conserved traits related to population growth
and dispersal (Fl€ugge et al. 2012). Logistical constraints have
typically restricted researchers to examine distance–abundance
relationships at smaller spatial scales and for a limited number
of populations (Sagarin & Gaines 2002), which may not fully
capture abundance patterns across species’ geographic ranges.
Understanding associations between species-level covariates
may provide much needed insight into when a distance–
abundance relationship is likely to be observed. For instance,
species body size may be associated with the slope of the dis-
tance–abundance relationship, as macroecological patterns
have suggested that body size is closely related to metabolic
rate (Nagy 2005), range size (Diniz-Filho et al. 2005), and is
central to many macroecological studies (see Smith & Lyons
2013).
Another confounding influence on the generality of dis-

tance–abundance relationships is the considerable variation in
how distance is quantified, suggesting the need for an integra-
tive and unified approach to examinations of distance–abun-
dance relationships (McGill & Collins 2003). Distance may be
measured from geographic range edge or centre (see table 2 of
Sagarin & Gaines 2002), where range centre may be quantified
in a number of ways (Borregaard & Rahbek 2010). Recently,
Mart�ınez-Meyer et al. (2013) demonstrated that the lack of a
relationship between local population abundance and geo-
graphic distance from range centres of eleven animal species
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belied a clear relationship between species abundance and
environmental distance from species niche centres. The use of
environmental distance provides a link between species niche
requirements and corresponding geographic distribution
(Pulliam 2000), and potentially explains the limited support
for distance–abundance relationships to date. Further, this
tests a slightly different assumption that is central to niche
theory; species should be most abundant under optimal niche
conditions (Weber et al. 2016). Together, these issues may
underlie the limited support for distance–abundance relation-
ships, and highlight a clear knowledge gap in a fundamental
area of ecological research (Sagarin et al. 2006).
A final note on the ambiguity of distance–abundance rela-

tionships relates to the quantification of abundance itself. The
inherent difficulty in measuring population abundance has
resulted in the use of standardised counts of individuals in
place of overall abundance. That is, although abundance is the
commonly applied term, density is a perhaps more sensible
term, and, in most cases, the only possible measure. In keep-
ing with previous terminology, we use the term abundance,
but it is important to note that perhaps density would be
more accurate.
To address the degree of empirical support for distance–

abundance relationships, we proposed a simple test: if species
are most abundant at their range or niche centres, then a neg-
ative correlation should exist between species abundance and
distance from either geographic or niche centre. To this end,
we used a number of extensive datasets on natural popula-
tions to examine distance–abundance relationships, and how
they can be influenced by species-level traits and evolutionary
relationships. First, we investigated the relationship between
distance – measured as either geographic distance or climatic
niche distance – and species abundance for a diverse set of
mammals, birds, fishes, and trees distributed across a broad
latitudinal gradient through the Americas. When data were
available, species distance–abundance correlations were related
to species body size and range size in order to determine the
presence of a species-level trait basis for distance–abundance
relationships. Lastly, we related distance–abundance correla-
tion coefficients to measures of phylogenetic distance to deter-
mine associations between the strength of distance–abundance
relationships and species evolutionary history. We found very
little support for distance–abundance relationships when dis-
tance was defined as either geographic distance from range
centre or environmental distance from niche centre. Further,
we failed to detect associations between the distance–abun-
dance relationship slope and species body size, geographic
range area, climatic niche area, or phylogenetic relatedness.
Together, our findings suggest that distance–abundance rela-
tionships may be rare, difficult to detect, or are an oversimpli-
fication of the complex biogeographical forces that determine
species spatial abundance patterns.

METHODS

Data sources

To examine the relationship between species abundance and
the distance from species geographic range centre or climatic

niche centre, we used estimates from databases based on
published work (Thibault et al. 2011), aggregated data from
large-scale citizen science efforts (Sullivan et al. 2009), and
government-sponsored repeated sampling efforts (Woudenberg
et al. 2010). As we noted above, these estimates are, strickly
speaking, estimates of density, not abundance. Data spanned
a broad latitudinal gradient (see Fig. S8) and a diverse set of
taxa, including mammals (MCDB; Thibault et al. 2011), birds
(eBird database; Sullivan et al. 2009), tree seedlings (USDA
Forest Inventory and Analysis database; FIA; Woudenberg
et al. 2010), and fish species (EPA Environmental Monitoring
and Assessment Program – EPA-EMAP; https://www.e
pa.gov/emap/ and a subset of the USGS National Water
Quality Assessment – NAWQA; Knouft & Anthony 2016a;
https://water.usgs.gov/nawqa).
The total number of species examined represents the largest

investigation of distance–abundance relationships to date,
including a total of bird (n = 1109), fish (n = 63), mammal
(n = 81), and tree (n = 166) species for which enough data
were available to calculate distance–abundance correlations.
Further, the number of observations tended to be large,
including over a million total observations among the data
sources (birds = 593 288; trees = 389 850; fishes = 9375 and
mammals = 20 412).
We limited the scope of our analyses to species occurring in

the Americas with more than 10 sampled populations, result-
ing in a data set consisting of over 118 000 sampled and geo-
referenced localities (see Fig. S8 for sampling locations). We
discuss the sensitivity of our results to this threshold in Sup-
porting Information. Also, the spatial extent of the eBird data
was constrained to the Americas, while the other data sources
occupied either the Americas (Mammal Community Data-
base) or were restricted to the United States (tree and fish
data). For datasets restricted to the United States (USDA-
FIA tree seedlings and fish data from the EPA-EMAP and
NAWQA data), we discarded species whose northernmost or
southernmost abundance was greater than the mean abun-
dance observed over all sampled populations for that species.
This was an effort to remove species whose geographic range
exceeds the sampled range. Sampled populations on distant
islands were removed, as these potentially dispersal-limited
populations may strongly influence distance–abundance rela-
tionships. Lastly, migratory status might influence species
range estimation in the eBird data. We examine this further in
Supporting Information, demonstrating our results are robust
to the inclusion/exclusion of migratory species.

Species abundance estimation

Species abundance was estimated from sampling data; either
repeated samples of variable (MCDB) or standardised
(USDA-FIA) plot sizes, rarefied estimates of abundance based
on repeated sampling (NAWQA), or acoustic and visual sur-
veys (eBird). For these analyses, species abundance was esti-
mated as the number of individuals within a sampling area,
standardised by either sampling area or sampling intensity.
This approach results in standardised species counts most
akin to a measure of species density, as abundance may not
be sensibly measured at the scale we examine here. There is
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also little assurance that sampling was equal across study sites
or across species, as this is an impossibly high bar given the
spatial scale examined. However, we accounted for sampling
biases in a number of ways. First, some data sources were
based on rigorous national efforts, which used standardised
plot sizes (USDA FIA data), which means that abundance
estimates are comparable across space. That is, even if esti-
mates do not capture true abundance, abundance estimates
will be proportional to true abundance as a function of sam-
pling design. Other data sources contained sufficient detail to
allow for rarefaction (NAWQA; Knouft & Anthony 2016a), a
form of statistical standardisation of sampling effort. For data
based on published literature (MCDB data), raw species
abundance was standardised by the number of trap nights, a
commonly used measure of sampling effort (Richards & Sch-
nute 1986). Lastly, abundance estimates from citizen science
efforts (eBird) were standardised by the duration of time spent
sampling, while data for which duration was not available
was discarded. While other factors (e.g. time of day, length of
transect, etc.) may also influence observations, these variables
were less often recorded by users.

Distance calculation

We examined the distance–abundance relationship by measuring
the distance of all sampled populations from a central point
(Fig. 1a), which was represented either as the geographic centre
of the species range or the species climatic niche centre. The
geographic range centre was determined by finding the centre
point of a convex hull around observed populations. Mean-
while, the climatic niche centre was determined by first translat-
ing the multivariate climate space into a two-dimensional space

comparable to geographic space. To do this, we calculated the
first two principal components (PCA) of the set of 56 BioClim/
WorldClim variables (Hijmans et al. 2005), translating geo-
graphic points into climatic niche space, and finding the centre
of the convex hull of points in niche space (Kriticos et al. 2014;
T. Dallas and J.M. Drake, unpublished). WorldClim variables
(n = 36) contain monthly information on minimum and maxi-
mum temperature and precipitation, while the BioClim vari-
ables (n = 19) are derived quantities (e.g. temperature
seasonality, mean annual precipitation). Together, these climate
data (plus altitude) represent the best available data for defining
species niches and modelling species geographic distributions
(Barbet-Massin & Jetz 2014). While species likely vary in their
sensitivities to these variables, previous work has demonstrated
high predictive accuracy from models trained on these climatic
covariates (Barbet-Massin & Jetz 2014).
The first two PCA axes explained 77% of the variation in

the global climate (T. Dallas and J.M. Drake, unpublished).
We make the assumption that favourable climatic conditions
will result in larger population sizes, as we don’t have detailed
information on species growth responses to various environ-
mental variables. This is a common assumption of niche mod-
eling efforts, and evidence suggests that climatic suitability
does capture aspects of local abundance (VanDerWal et al.
2009). Geographic distance from species range centres was
calculated as Haversine distance, while distance in species
niche space was calculated, using Euclidean distance between
points in niche space created by the two PCA niche axes. We
used Pearson’s correlations to quantify the relationship
between distance and abundance (Fig. 1a,b), and explore the
possibility of non-linear relationships, using Spearman’s rank
correlation coefficients in Supporting Information.
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Figure 1 An example of the spatial distribution of abundance for Dipodomys merriami, whose range is outlined by a blue convex polygon, and whose centre

is denoted by a red square (panel a). Lines connecting this centroid to each population – black points with population size proportional to point size –
provide a means to measure geographic distance. The relationship between scaled abundance of D. merriami and geographic (b) and environmental (c)

distance provide an instance of the lack of a clear distance–abundance relationship. Photograph of D. merriami (d) is by Marshal Hedin.
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Range area, niche area, body size and phylogeny

The slope of the distance–abundance relationship could be
associated with species traits or with overall geographic range
or climatic niche area. This could, in part, explain the variable
support for distance–abundance relationships. To explore vari-
ation in distance–abundance relationships as a function of spe-
cies ecology or distribution, we examined relationships
between the slope of the distance–abundance relationship and
species geographic range, climatic niche area, body size and
phylogenetic relatedness.
Species geographic range size and climatic niche area were

determined by calculating the area of the minimum convex
polygon that encompassed all sampling locations for a given
species either in space (i.e. geographic range size) or in the
phase space of the first two climatic niche axes (i.e. niche
area). Species body size estimates were obtained in terms of
mass for bird (Myhrvold et al. 2015) and mammal (Jones
et al. 2009) species, length for fish species (Froese & Pauly
2000), and height for tree species (Kattge et al. 2011). Species
body size and range size, either geographic range area or
niche area, were related to the slope of the distance–abundance
relationship obtained from a best fit linear model relating spe-
cies abundance to either geographic or niche distance. Some
species were not sampled in enough unique geographic loca-
tions (n < 4) or environments to estimate geographic or niche
area accurately, resulting in slightly reduced numbers of spe-
cies that could be used to examine relationships between slope
of the distance–abundance relationship and species traits. This
number was also reduced for some species where estimates of
body size were unavailable (see Table 1). We explore the sen-
sitivity of distance–abundance relationships to the number of
occurrence points in Supporting Information. For the set of
species for which data were available (n column of Table 1),
we fit linear models to each taxa (mammal, bird, fish and tree
species) including species body mass, estimated geographic
range size and climatic niche area as covariates.
Phylogenetic data were obtained from the mammal

(Bininda-Emonds et al. 2007) and bird (Myhrvold et al. 2015)

phylogenetic supertrees. Branch lengths were not included
in the avian supertree, but were calculated using the well-
established Grafen method (Grafen 1989). Taxonomic
dissimilarity was used instead of phylogenetic distance for
trees and fishes. We used Moran’s I to determine if the slope
of the distance–abundance relationship contained a phyloge-
netic (or taxonomic) signal. Taxonomic data was accessed
using taxise (Chamberlain & Sz€ocs 2013; Chamberlain et al.
2016), and ape was used for the calculation of Moran’s I
statistic (Paradis et al. 2004). Some species in the data were
not found in the supertree or through taxise, constraining our
analyses to 713 bird, 48 fish, 39 mammal and 152 tree species.

RESULTS

Distance–abundance relationships

Distance–abundance relationships were rarely observed when
measuring distance as geographic distance from a species
range centre (Fig. 2a) and environmental distance from a spe-
cies niche centre (Fig. 2b). The mean correlation coefficients
between geographic distance and species abundance were near
zero for birds (�qbird = �0.015), fishes (�qfish = �0.041), mam-
mals (�qmammal = 0.002), and trees (�qtree = 0.015). Significant
correlations, both positive and negative, were detected for
some bird (n+ = 151; n� = 123), fish (n+ = 1; n� = 3), mam-
mal (n+ = 2; n� = 2), and tree (n+ = 35; n� = 8) species.
However, these significant correlations tended to occur for
species with limited sampling (Fig. S6). Further, relative to
the number of species examined the percent of significant dis-
tance–abundance relationships in bird (p+ = 0.12; p� = 0.10),
fish (p+ = 0.02; p� = 0.06), mammal (p+ = 0.04; p� = 0.04),
and tree (p+ = 0.12; p� = 0.03) species was quite low, and
positive relationships – indicating higher abundance at range
edges – were just as common as negative relationships. These
findings were robust to using Spearman’s correlation coeffi-
cients to capture potentially nonlinear relationships between
distance and abundance (Fig. S4) and when defining species
range and climatic niche centroids (and subsequent distance

Table 1 Species body size, geographic range area (log km2 + 1), and climatic niche area (log area + 1) explained very little of the variation in distance–
abundance slope, treating distance either as geographic distance from species range centre (models identified by subscript G) or environmental distance from

species climatic niche centre (identified by subscript E). Due to limited data availability, species body size was estimated as mass (g) for mammals and birds,

length (cm) for fish and height (m) for trees. The number of species for which data were available is given by n. b are model coefficients (with standard

errors SE), and t and P are the t-statistic and P-value associated with model coefficients

Taxa Variable n bG SEG t P R2 bE SEE t P R2

Birds Body mass 1047 �0.001 0.003 �0.397 0.69 0.03 �0.004 0.003 �1.058 0.29 0.002

Range size 1137 0.024 0.005 4.680 < 0.001 �0.002 0.010 �0.205 0.84

Niche area 1137 �0.007 0.010 �0.672 0.50 0.006 0.005 1.174 0.24

Trees Height 48 �0.006 0.014 �0.410 0.68 0.03 �0.004 0.014 �0.299 0.77 0.13

Range size 48 0.011 0.006 1.810 0.07 0.003 0.018 0.174 0.86

Niche area 48 �0.006 0.018 �0.338 0.74 �0.008 0.006 �1.332 0.18

Mammals Body mass 39 0.019 0.054 0.345 0.73 0.04 �0.041 0.045 �0.915 0.37 0.06

Range size 42 �0.070 0.062 �1.136 0.26 �0.098 0.082 �1.207 0.24

Niche area 42 0.078 0.098 0.795 0.43 0.051 0.051 0.991 0.33

Fishes Length 209 �0.016 0.031 �0.529 0.60 0.02 0.040 0.034 1.174 0.25 0.01

Range size 294 0.037 0.071 0.522 0.60 0.112 0.140 0.796 0.43

Niche area 294 �0.025 0.127 �0.195 0.85 �0.111 0.078 �1.419 0.16
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to centroid) based on occurrence data instead of abundance
data (Fig. S3). Lastly, we failed to detect consistently strong
relationships between geographic distance to species range
centroids and environmental distance to species niche
centroids (Fig. 3), though these relationships did tend to be
positive.
Examining the distance–abundance relationship in terms of

environmental distance from the niche centroid did not increase
the detectability of distance–abundance relationships; environ-
mental distance from centroid and species abundance had near
zero correlation coefficients for birds (�qbird = �0.010), fishes
(�qfish = 0.018), mammals (�qmammal = �0.068), and trees
(�qtree = 0.009). Similarly when distance was measured as the
geographic distance from species range centres, significant cor-
relations, both positive and negative, were detected only rarely
for bird (n+ = 109; n� = 101), fish (n+ = 2; n� = 1), mammal
(n+ = 1; n� = 1), and tree (n+ = 34; n� = 15) species. As with
geographic distance–abundance relationships, these numbers
represented small portions of the number of species tested, and
the percent of significant distance–abundance relationships in
bird (p+ = 0.09; p� = 0.08), fish (p+ = 0.04; p� = 0.02), mam-
mal (p+ = 0.02; p� = 0.02), and tree (p+ = 0.11; p� = 0.05)
species was quite low, and positive relationships – indicating
higher abundance at climatic niche edges – were just as com-
mon as negative relationships.

Ecological and phylogenetic covariates to distance–abundance slope

Species body size, geographic range area and climatic niche
area were unrelated to the slope of the relationship between
species population abundance and geographic distance to
range centre or environmental distance from niche centre
(Table 1). Further, we failed to detect evidence for a phyloge-
netic signal in the distance–abundance slope for any species
group, regardless of whether distance was defined in terms of
geographic distance from species range centroid or niche dis-
tance from species niche centre (Table 2).

DISCUSSION

The assumption that species abundance – or perhaps more
properly termed density – is highest at the geographic range
or climatic niche centre is a central assumption of many
hypotheses in macroecology (Brown 1984; Gaston & Black-
burn 2003) and population ecology (Pulliam 2000), with quali-
tative evidence for the pattern dating back to the formation
of ecology as a discipline (Gause 1930; Whittaker 1952). How-
ever, empirical support remains limited, for a number of fac-
tors including variation in environmental conditions,
incomplete sampling of species ranges, or interactions with
competitors and parasites (Sagarin et al. 2006; Borregaard &
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Rahbek 2010). We suggested a simple test of the distance–
abundance relationship; if species are most abundant in the
centre of their spatial range, then a negative correlation
should exist between species abundance and distance from
either geographic or niche centroid. We failed to detect a sig-
nal of distance–abundance relationships using a dataset con-
sisting of over 118 000 sampled populations across over 1400
species across a wide range of species, including birds, mam-
mals, trees, and fishes. Further, we have provided the first
attempt to relate the strength of the distance–abundance corre-
lation to species traits, range size and evolutionary history.
We failed detect any influence of body size, range size, or evo-
lutionary history on the correlation between species abun-
dance and spatial or environmental distance. Together, our
findings suggest that distance–abundance relationships may not
be as general as previously believed, and that hypotheses and
models based upon the assumption that species abundance is
highest in the interior of a species geographic range or niche
may need to be reconsidered.
Some previous studies have found support for distance–

abundance relationships (references within Pironon et al. 2016;
Sagarin & Gaines 2002), and the closely related relationship
between mean abundance and species range size (Gaston et al.
2000), leading to classification of distance–abundance relation-
ships as a general rule in macroecology (Hengeveld & Haeck
1982). However, several recent studies have failed to detect
any effect of spatial distance from species range centre or to
species niche edges on species local abundance (see meta-
analysis by Sagarin & Gaines 2002). More recently, research-
ers have begun to explore the conditions under which
distance–abundance relationships should be observed. For
instance, several recent studies have recognised that geo-
graphic distance may simply be a surrogate for environmental
distance, in which niche constraints are responsible for the
relationship between distance from a species range centre and
abundance (Mart�ınez-Meyer et al. 2013; Knouft & Anthony
2016a). However, we failed to detect strong associations
between distance and species abundance regardless whether
distance was measured as geographic distance or environmen-
tal distance. Further, we arrived at different conclusions than
Knouft & Anthony (2016a), though we used the same data on
freshwater fish abundance (Knouft & Anthony 2016b). This
disparity stems from a key difference between our conceptual
approaches; Knouft & Anthony (2016a) uses a model selec-
tion procedure to examine if principal component axes repre-
senting climatic variation can explain local abundance, while
we examine the shape of decay relationship between local
abundance and geographic or environmental distance. While
relating climatic conditions to species abundance is important

to understand patterns of species abundance, the application
of regression analyses from niche modelling may not be
appropriate to address macroecological rules like the distance–
abundance relationship, as the ability to predict species abun-
dance as a function of climatic covariates does not directly
test if species abundance declines from a species range or
niche centre.
There are at least two classes of mechanisms that reduce the

probability of observing a distance–abundance relationship.
First, species abundances may not be strongly constrained by
the environmental variables measured here. This suggests that
unmeasured environmental variation may underlie distance–
abundance relationships, or that species interactions and
community structure may be more important in regulating
population abundance than the environment. Second, the spa-
tial distribution of abundance, and subsequent distance–abun-
dance relationships, may be limited by dispersal boundaries or
unmeasured ecological interactions. For instance, coasts and
mountain ranges represent obvious barriers to species spread.
Species abundance may be highest at the barrier (Brown et al.
1996), with the putative explanation being directional disper-
sal against a barrier, and an environment capable of sustain-
ing relatively high species abundance. To address this in our
analyses, we discarded species with greater than average abun-
dance at sampling limits present in the USDA FIA seedling
data and the eBird data (sampling locations in Fig. S8).
Though we used the most extensive data available, temporal
variation in abundance, changing environmental conditions,
and the role of interspecific interactions with competitors and
natural enemies (Hastings et al. 1997; Frick et al. 2010;
Robinson et al. 2010) may further confound detection of dis-
tance–abundance relationships. Understanding how interspeci-
fic interactions, natural enemies, environmental forces and
dispersal barriers influence the existence of distance–abundance
relationship remains an open question; one, when answered,
may provide an underlying basis for the emergence of the
macroecological pattern.
Macroecological relationships, such as those examining spa-

tial abundance patterns, are interesting due to their perceived
generality (Brown 1984; McGill & Collins 2003; Lennon &
Locey 2017). However, the development of macroecological
laws is confounded when researchers use different measures of
abundance or distribution. This confusion may promote the
construction of hypotheses which assume these general rela-
tionships. Clear definitions of terms used to refer to macroe-
cological variables (e.g. distribution, abundance), the
application of mechanistic approaches to the study of macroe-
cological relationships (Eckert et al. 2008; Alexander et al.
2016), and closer examination of hypotheses assuming the

Table 2 We failed to detect a phylogenetic signal in the relationship between spatial distance from either the geographic (G) or niche (E) centroid for any

species group examined. The analysis uses a permutation approach of Moran’s I values to test for the presence of a phylogenetic signal in distance–
abundance relationships

Taxa ObsG ExpG SDG PG ObsE ExpE SDE PE

Birds 0.001 �0.001 0.02 0.80 �0.01 �0.001 0.02 0.72

Trees �0.003 �0.004 0.002 0.70 �0.004 �0.004 0.002 0.65

Mammals �0.03 �0.004 0.03 0.48 0.02 �0.004 0.03 0.46

Fishes �0.02 �0.016 0.01 0.52 �0.02 �0.016 0.01 0.82

© 2017 John Wiley & Sons Ltd/CNRS
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existence of distance–abundance relationships are necessary to
determine support for distance–abundance relationships, and
macroecological relationships in general
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