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Abstract. The abundant-center hypothesis posits that species density should be highest in the center
of the geographic range or climatic niche of a species, based on the idea that the center of either will
be the area with the highest demographic performance (e.g., greater fecundity, survival, or carrying
capacity). While intuitive, current support for the hypothesis is quite mixed. Here, we discuss the
current state of the abundant-center hypothesis, highlighting the relatively low level of support for
the relationship. We then discuss the potential reasons for this lack of empirical support, emphasiz-
ing the inherent ecological complexity which may prevent the observation of the abundant-center in
natural systems. This includes the role of non-equilibrial population dynamics, species interactions,
landscape structure, and dispersal processes, as well as variable data quality and inconsistent meth-
odology. The incorporation of this complexity into studies of the distribution of species densities in
geographic or niche space may underlie the limited empirical support for the abundant-center hypoth-
esis. We end by discussing potentially fruitful research avenues. Most notably, we highlight the need
for theoretical development and controlled experimental testing of the abundant-center hypothesis.
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INTRODUCTION

Based on observational evidence, early ecolo-
gists formulated the hypothesis that species abun-
dance (or perhaps more accurately, species density)
should be highest in the center of the species geo-
graphic range (geographic abundant-center; Brown
1984; Sagarin and Gaines 2002). This makes the as-
sumption that the geographic range is centered on the
niche optimum. One way this could occur is through
spatially-autocorrelated environmental conditions,
the absence of dispersal limitation, and equilibri-
al population density within each local population
across the landscape. This allows for the translation
of geographic performance into niche space, where
species growth rates are highest where conditions
are the most favorable, coinciding with the center of
their geographic distributions (Gaston 2009; Sagarin
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and Gaines 2002). However, this may be an oversim-
plification, as it assumes a coherent environmental
gradient, a lack of strong density-dependence, equi-
librium population dynamics, no dispersal limitation,
and the absence (or unimportance) of competition,
predation, mutualism, and parasitism in regulating
population demography. It is perhaps due to these
strong assumptions that the abundant-center hy-
pothesis has received such mixed empirical support
(Pironon et al. 2017; Sagarin et al. 2006; Dallas et
al. 2017; Santini et al. 2019). Recently, it was pro-
posed that variation in species density should not be
viewed in geographic space, but instead of species’
niche space (niche abundant-center; Martinez-Mey-
er et al. 2013). This helps to remove the confounding
effect of spatial autocorrelation on population pro-
cesses, and links species density more closely with
species abiotic tolerances (i.e., the niche). However,
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few studies of the niche abundant-center hypothesis
have been performed to date (but see Waldock et al.
2019; Dallas et al. 2017; Martinez-Meyer et al. 2013;
Santini et al. 2019). Here, we review evidence for
abundant-center ideas, discuss the potential reasons
for variability in support, outline existing conceptual
issues, and highlight potentially fruitful open ques-
tions related to the abundant-center hypothesis.

WHAT IS THE EVIDENCE FOR THE
ABUNDANT-CENTER HYPOTHESIS?

Questions surrounding the spatial distribution
of species density are central to population ecology
and biogeography, leading to a great interest in un-
derstanding the constraints on population size across
spatial and environmental gradients (Hengeveld and
Haeck 1982; Bell 2000). This interest has generated
numerous hypotheses concerning the distribution of
abundance across a species geographic range (Hen-
geveld and Haeck 1982) e.g., the geographic abun-
dant-center hypothesis. Support for the geographic
abundant-center hypothesis from large scale analy-
ses can vary from 10% (Dallas et al. 2017) to val-
ues around 50% (Pironon et al. 2017) of examined
species. A systematic meta-analysis is outside of the
scope of the current review, and is perhaps redundant
considering the two other comprehensive reviews on
the topic (Sagarin and Gaines 2002; Pironon et al.
2017). Numerous studies exist examining geograph-
ic abundant-center relationships for single or small
set of species (Scrosati and Freeman 2019; Samis
and Eckert 2007; Feldhamer et al. 2012; Virgo6s et
al. 2011). These studies tend to find more positive
support for abundant-center relationships, potentially
as a result of increased sampling effort in these more
focused studies, or due to a publication bias toward
species providing support for the hypothesis.

While the abundant-center hypothesis was first
conceptualized with respect to species’ geograph-
ic distributions, a recent effort has suggested that
species should instead be more dense in the center
of their environmental niche space (niche abun-
dant-center; Martinez-Meyer et al. 2013). The under-
lying idea here is to link the species’ niche to species
performance curves from physiological ecology, in
order to link individual survival or fecundity to niche
axes. This makes intuitive sense, as individuals lo-
cated towards the middle of the species environmen-
tal tolerances may have higher survival or fecundity
rates than individuals towards the niche margins (but

see Pironon et al. 2017) for a thorough discussion of
this idea). Defining the abundant-center hypothesis
in terms of species’ niche distances is a useful step,
as it removes the conflation of geographic space and
climate, and more closely connects with niche theory
(Santini et al. 2019). To date, this revised niche abun-
dant-center hypothesis has received approximately
the same level of support as the original (~20% of
studied species; Table 1). For instance, Dallas et al.
(2017) and Santini et al. (2019) found limited support
for abundant-center relationships given an examined
set of 1419 and 108 species respectively, and sup-
port differed depending on if the abundant-center is
examined in geographic—15.7% of species in San-
tini et al. (2019) and 13.3% of species in Dallas et
al. (2017)—or environmental niche space—17.6%
of species in Santini et al. (2019) and 10.3% of spe-
cies in Dallas et al. (2017). Interestingly, some spe-
cies may also have higher densities on the edge of
their geographic distributions (22.2% of the species
in Santini et al. (2019) and 10% of species in Dallas
et al. (2017) or climatic niches—12% of species in
Santini et al. (2019) and 8% of species in Dallas et
al. (2017). The prevalence of species following the
opposite pattern to the predicted abundant-center is
difficult to quantify, as previous systematic reviews
have not reported this information (Sagarin and
Gaines 2002), or methodological choices prohibit
this from even being possible (Waldock et al. 2019).
Arecent study on North American bird species claims
to provide strong support for niche abundant-cen-
ter relationships (Osorio-Olvera et al. 2020), which
varied between 16-45% depending on the approach
(Osorio-Olvera et al. 2020). In Table 1, we report
the results where the niche was defined as the MVE
of the first three PCA axes, which found support for
abundant-center relationships in 200 out of 442 bird
species (45% of species), but go into further detail
on methodological decisions and abundant-center
support elsewhere (Dallas, et al. 2020). This level of
variation in support may stem from the taxonomic
diversity of species analyzed, methodological choic-
es in estimating abundant-center relationships, or due
to publication biases promoting evidence in favor of
the hypothesis.

Despite the mixed support and low predictive
power of abundant-center relationships in geograph-
ic or niche space, there remains an inherent interest
in the hypothesis. The sustained interest in the abun-
dant-center hypothesis may stem from the conceptu-
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Table 1: A review of existing support for the abundant-center hypothesis suggests that approximately 20% of species
demonstrate a relationship between species density and distance to a species geographic range or climatic niche center.

Source System Niche Species (n) | Support (n,)
Sagarin and Gaines (2002) mixed* - 121 56
Freeman and Beehler (2018) birds - 17 2
Waldock et al. (2019) reef fish + 181 56
Dallas et al. (2017) birds, mammals, fish, & trees +/- 1419 118
Martinez-Meyer et al. (2013) birds & mammals +/— 11 10
Rivadeneira et al. (2010) crabs - 5 2
Pironon et al. (2015) plants +/- 3 0
Santini et al. (2019) birds and mammals +/- 108 5-20 **
Osorio-Olvera et al. (2020) birds 442 200%**
Grand total 2307 464

*: Sagarin and Gaines (2002) was a meta-analysis combining 22 articles

+ /- : study tested for abundant-center in both niche and geographic space

**: Santini et al. (2019) used 9 different distance measures, range of support provided, and the upper value was used in the table totals.
**%*: Here, we report the relationship using the first three PCA axes and estimating the niche using minimum volume ellipsoids
(MVESs). See Osorio-Olvera et al. (2020) for more information, and Dallas, Pironon, and Santini (2020) for a critique.

al simplicity and intuitive nature of the relationship.
Further, the implications of the abundant-center re-
lationship provide a means to estimate areas of high
conservation priority using information on species
occurrence data (Oliveira et al. 2009; Manthey et
al. 2015; Boakes et al. 2018). The ability to esti-
mate species density from species occurrence data is
a long-standing goal in ecology, as occurrence data
are far more plentiful than species abundance data
(Ashcroft et al. 2017). However, it remains unclear
if models which use species occurrence data to es-
timate species density can be predictive, as there is
mixed evidence for a link between habitat suitability
estimated from species distribution models trained
on species occurrence data and species densities
(Weber et al. 2017; Ashcroft et al. 2017; Dallas et al.
2018; Santini et al. 2019). In addition to examining
empirical support for abundant-center relationships,
linking the degree of support more closely to species
ecology is important. Specifically, understanding the
phylogenetic and trait correlates of the abundant-cen-
ter relationship may provide insight into the drivers
of the observed mixed support for the abundant-cen-
ter hypothesis. Aspects related to species population
demography and dispersal processes may influence
the extent to which species follow abundant-cen-
ter relationships, and quantifying these effects may
help identify species most (or least) likely to result

in abundant-centers. A series of other potential driv-
ers exist, which may contribute to the disconnect be-
tween species environmental suitability and species
densities. Incorporating these potential drivers will
provide a degree of ecological realism and may pro-
mote further theoretical development and empirical
understanding of abundant-center relationships.

WHAT ARE THE POTENTIAL ECOLOGICAL DRIVERS
OF THE VARIATION IN SUPPORT?

Despite this strong interest in mechanism, stud-
ies of the abundant-center hypothesis have tradition-
ally lacked a strong theoretical basis (as discussed
in Osorio-Olvera, Soberon, and Falconi 2019; Holt
2019; Dallas and Santini 2020), or empirical sup-
port (Table 1). This suggests that—under the as-
sumption that the relationship can exist in controlled
systems—variation in support may be driven by
unmeasured environmental variation or factors that
influence species density apart from niche limits. It
is important to note that even in cases where abun-
dant-center relationships are found, these relation-
ships tend to be extremely weak, suggesting that dis-
tance from the niche center cannot be used to predict
species densities (Dallas and Hastings 2018). There
are many reasons for this, many of which relate to
how the niche and corresponding center are estimat-
ed (discussed further in in the next section). Here,
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we highlight the potential ecological factors which
limit the detectability and applicability of the abun-
dant-center relationship to natural populations. These
factors, which may drive the low empirical support
for abundant-center relationships currently, may be
incorporated into future studies, leading to clarifica-
tions or refinements on the existing abundant-center
hypothesis.

Stochasticity

Populations are typically not in equilibrium, but
fluctuate over time (Lande et al. 2003; Black and
McKane 2012) due to stochasticity and flow of in-
dividuals between populations through immigration
and emigration to and from nearby habitat patches.
Within a single population, demographic and envi-
ronmental stochasticity move populations away from
equilibrium (Lande et al. 2003). This is important for
at least two reasons. First, demographic stochastici-
ty—variation in species numbers due to probabilistic
birth-death processes—influences small populations
more strongly, creating inherent spatial variation in
species densities over time across the species range.
Secondly, environmental stochasticity—in which en-
vironmental variation influences probabilistic birth-
death processes—may disproportionately influence
some populations in a species range more than others
(Ellner et al. 2016). Species’ niche axes may only
capture static environmental tolerances, failing to in-
corporate the role of temporal autocorrelation in en-
vironmental conditions and the existence of rare cli-
matic events which can have large impacts on species
densities (Ellner et al. 2016). This presents a clear
area for theoretical development, as existing models
used in support of abundant-center theory do not in-
corporate stochasticity (Osorio-Olvera et al. 2019),
and the incorporation of stochasticity strongly influ-
ences resulting abundant-center relationships (Dallas
and Santini 2020).

Dispersal limitation

In geographic space, barriers to dispersal can
limit where species occur. Reflecting boundaries
such as impassable streams serve may influence the
spatial distribution of species density by increasing
species densities at barriers, and by not allowing
access to suitable geographic areas beyond the dis-
persal barriers (Nislow et al. 2011). This can further
influence the estimation of a species’ niche, as the
niche is commonly defined using data on geographic

occurrence points of a species. Species dispersal can
be informed by social cues, habitat patch quality, and
climatic events (Clobert et al. 2009; Reed et al. 1999;
Jacob et al. 2015; Travis and Dytham 1999), suggest-
ing that population density will non-randomly fluctu-
ate, independent of any abundant-center constraints.
Further, dispersal processes may create spatially-ag-
gregated clusters of individuals which may not truly
represent the potential distribution of the species, but
are a result of limited dispersal distance (Condit et
al. 2000). The spatial arrangement of habitat patch-
es, dispersal distance and barriers, and the distribu-
tion of populations in geographic or environmental
space is also important, as frequent dispersal events
may result in spatial synchrony (Paradis et al. 1999),
potentially influencing support for abundant-center
relationships. Finally, species with limited dispersal
ability may occupy only a small part of their funda-
mental niche space even in the absence of dispersal
barriers. This may still lead to abundant-center rela-
tionships, but only if the species has a strong core
number of populations aggregated in geographic or
environmental space. That is, if a species with poor
dispersal ability has disjoint populations, this could
create a bimodality in the resulting abundant-center
relationship, where species are most abundant in the
small regions of geographic or environmental space
where populations are established.

Species interactions

Species do not exist in isolation from one an-
other, but interact through competition, predation,
mutualism, and parasitism. These interactions are
geographically variable (Early and Keith 2019),
such that even directly including the density of an
interacting species in an abundant-center analysis
may not capture the reality of the system. Present-
ly, no abundant-center hypothesis study has explic-
itly accounted for the influence of these antagonistic
and mutualistic forces. Despite this, ecologists have
long recognized that competition (Greiner La Peyre
et al. 2001; Lawlor 1979), predator-prey dynamics
(Blasius et al. 1999; Stenseth et al. 1997), mutualis-
tic interactions (Holland et al. 2002), and parasitism
(Hochberg and Holt 1990; Hudson et al. 1998) can all
strongly influence species population dynamics. Re-
lated to the importance of species interactions to de-
termining local population size, the order of species’
arrival to a site can determine competitive outcomes
and strongly influence species density (Strauss 1991;
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Fukami 2015). However, these priority effects (or
historical contingencies) are difficult to incorporate
into abundant-center analyses. Most often, this is due
to the limited data available on the order of species
arrival, though the conceptual framework used to test
the abundant-center hypothesis also doesn’t provide
a clear way to incorporate these dynamic processes
into the expected relationship between species densi-
ty and geographic or niche distance.

Species traits

Even if we assume species do exist in relative
isolation, responding to environmental variation in-
dependently from other species, species traits may
influence abundant-center relationships. Understand-
ing how species-level abundant-center relationships
are influenced by phylogenetic relationships and traits
is an important research frontier (Dallas et al. 2017,
Santini et al. 2019). For example, examining North
American birds, Osorio-Olvera et al. (2020) found
evidence that body mass, migratory status, and habi-
tat (aquatic or terrestrial) influenced abundant-center
relationships, while Dallas et al. (2017) failed to de-
tect an effect of body size on abundant-center rela-
tionships in birds, trees (measured as height), fishes,
or mammals. Species traits are expected to influence
abundant-center relationships through the lens of de-
mographic performance and distributional effects.
That is, traits like body mass or species leaf area may
be strongly related to maximum demographic rates
(Duncan et al. 2007), while traits relating to species
dispersal distance (e.g., seed mass) may collectively
influence the range and distributions of observable
species densities (Soudzilovskaia et al. 2013; Har-
pole and Tilman 2006).

Anthropogenic effects

Human effects on landscapes may strongly influ-
ence species abundances through the effects of dis-
turbance, exploitation, and land use changes (Sykes
etal. 2019; Benitez-Lopez et al. 2010; Benitez-Lopez
etal. 2017). Changing land use can strongly influence
species densities by altering resource availability or
shifting community composition, as species will vary
in their ability to tolerate human disturbance. How-
ever, the response of species densities to human-in-
duced environmental changes can be mixed, as hu-
mans can often provide food supplementation, can
act as predator deterrent, leading to increased density
(Sorace 2002; Jesse et al. 2018; Wang et al. 2015;

Rouco et al. 2019; Salek et al. 2015), while direct
disturbance, exploitation, shifts in competitive com-
munity structure, mating opportunities, and reduced
access to resources can also reduce population den-
sity (Lemoine et al. 2007; Benitez-Lopez et al. 2010;
Benitez-Lopez et al. 2017). Anthropogenic barriers
can alter the distribution and abundance of migratory
species (Said et al. 2016). Humans have also altered
the size and shape of species geographic ranges (Di
Marco and Santini 2015; Channell and Lomolino
2000), an effect which would obviously influence
the detection of the geographic or niche center and
thus abundant center-relationships. Further, intensi-
ty of human effects on a landscape are not likely to
be uniformly distributed across a species geograph-
ic range or within climatic niche space (Sanderson
et al. 2002; Benitez-Lopez et al. 2019), leading to
considerable variation and potential divergence from
abundant-center relationships. Incorporating human
population density or land use change more explicit-
ly into abundant-center ideas could help disentangle
how disturbance can influence the spatial distribution
of species densities. However, whether or not these
variables represent true niche axes depends on how
the niche is conceptually defined, as niche concepts
differ in the incorporation of abiotic and biotic axes.

POTENTIAL METHODOLOGICAL DRIVERS
OF VARIATION IN SUPPORT

Apart from the above mechanisms, there are
also a number of existing issues with how support
for the abundant-center hypothesis is quantified. For
instance, measuring species densities instead of de-
mographic rates assumes that the population densi-
ty is a proportional representation of demographic
processes, which is not necessary in non-equilibrial
populations where demographic and environmental
stochasticity play a strong role. Further, the original
formulation of the abundant-center hypothesis did
not explicitly operationalize the estimation of “cen-
ter”. That is, some researchers relate species density
to a) the distance from each sampled population to
the geographic (or niche) center, b) distance to the
geographic (or niche) edge, or ¢) one of numerous
other measures (e.g., Santini et al. (2019) use nine
different measures). Many of these measures require
estimation of the center of a species geographic
(or niche), as well as the use of an appropriate dis-
tance measure to quantify distance of a population
from geographic range (or niche) center (Dallas et
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al. 2017; Soberon et al. 2018). Aggregated or incom-
plete sampling of a species geographic range or cli-
matic niche area then represents a clear issue in the
detection of abundant-center relationships (Pironon
et al. 2017), as this may bias the estimation of the
geographic range (or climatic niche) center.

Distance measures and niche delineation

With respect to distance measures, numerous
methods have been used, with Mahalanobis distance
being a current favorite since it incorporates the co-
variance between spatial or climatic axes (Soberon
et al. 2018; Osorio-Olvera et al. 2019). However,
it is important to note that some distance measures
may be highly correlated (Dallas et al. 2018)—while
others are not (Santini et al. 2019)—suggesting that
criticisms based on distance measure used have the
potential to be meaningful or not. This creates a clear
issue, as different measures may produce drastically
different results, and researchers wishing to support
abundant-center ideas could simply select a combi-
nation of measures which provide the strongest de-
gree of support. Further, the methodological deci-
sion of how to delineate geographic range (or niche)
boundaries is another consideration, as each method
of delineating a species geographic range or climatic
niche makes assumptions. There are at least two con-
ceptual approaches to this.

The first involves training a species distribution
model on environmental covariates, and using this
model to delineate the species geographic range or
climatic niche space. This approach may get around
spatial sampling biases and more accurately capture
the species’ niche and geographic distribution, but
suffers from existing issues in species distribution
modeling, such as the identification of relevant niche
axes used as covariates, the choice of modeling ap-
proach (e.g., presence-background versus presence
only approaches, different modelling algorithms
(Norberg et al. 2019), and thresholding the continu-
ous prediction of species distribution models to bina-
ry estimate for range delineation. Additionally, niche
models attempt to model the Grinellian niche (e.g.
abiotic component), while the Eltonian niche (e.g.
biotic component) is generally only partly consid-
ered or entirely disregarded (Soberon and Nakamura
2009). Finally, these models rely on the assumption
that species are in equilibrium with the environment,
but this assumption is often violated biasing niche es-
timates (Faurby and Aratjo 2018).

A second approach simply uses the sampled spe-
cies occurrence points to delineate the geographic
range and corresponding environmental niche space.
Methods of delineating species range from occur-
rence data such as convex hulls may overestimate
range size and bias range center estimation (Sober6on
etal. 2018), but benefit from being simply defined and
not requiring parameterization. For instance, alpha
hulls offer another way to delineate range, but they
are highly sensitive to parameterization (Joppa et al.
2016). Lastly, estimation methods tend to assume a
particular shape of the niche (e.g., ellipsoidal), while
identifying the true shape of the niche would require
far more data and far fewer assumptions.

Defining the niche

One of the greatest strengths of the abundant-cen-
ter hypothesis is the relation of species performance
curves along environmental gradients to the concept
of the species’ niche and corresponding geographic
projection. However, this strength is complicated by
the multiple definitions of the species’ niche (Leibold
1995; Colwell and Rangel 2009). Some of these niche
definitions are at odds with abundant-center ideas.
For instance, Hutchinson (1957) described the niche
as a persistence boundary, not a continuous surface of
suitability or demographic performance. Even when
the niche may be estimated perfectly in -dimensional
space, a variety of niche shapes could be estimated,
with some resulting in a center that is not actually
contained within the niche, or if the niche is discon-
tinuous. This is true for the realized niche, which is
the form of the niche that data on the known geo-
graphic distributions of species allows us to estimate,
and may not be the case for the fundamental niche.
For instance, there may be regions of climatic niche
space that are not part of the niche, but are contained
within niche (Blonder 2016). Finally, the identifica-
tion of appropriate niche axes can strongly influence
resulting support for abundant-center relationships,
as Osorio-Olvera et al. (2020) demonstrated by de-
fining the niche using all possible combinations of
2-3 climatic niche axes for a set of species.

Assuming species density, carrying capacity, or
growth rates do peak in the center of a species’ niche,
there remains the issue of which climatic covariates
best define the niche. Most studies of niche abun-
dant-center relationships use temperature and precip-
itation variables to define the niche space, which may
only capture mean conditions, and does not include
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information on habitat quality, predator density, or
other factors which could strongly influence popula-
tion density and temporal dynamics. These climatic
covariates are able to capture species distributions
based on occurrence data well (Norberg et al. 2019),
but may not be able to accurately estimate species
densities (Dallas and Hastings 2018).

Data considerations

Data quality is a common issue affecting the em-
pirical examination of numerous macroecological
laws, and the abundant-center hypothesis is no ex-
ception. Especially in macroecology, data are often
difficult to obtain, as spatial and temporal coverage
vary considerably, different data sources may not be
directly comparable, and the inherent presence of
sampling and detection biases (Knouft 2018). Stud-
ies aimed at examining consistency of abundant-cen-
ter support to methodological decisions are import-
ant (Santini et al. 2019), as inconsistent methodology
can also strongly influence the resulting level of sup-
port (or non-support).

A critical first step in addressing the influence of
methodological decisions is to release all code and
data to reproduce the analyses, allowing others to
modify the original approach and determine change
in support (Dallas et al. 2017; Dallas and Hastings
2018; Waldock et al. 2019; Osorio-Olvera et al.
2020). However, we should also bear in mind that
finding a stronger abundant-center relationship does
not validate a methodological approach or the quality
of'a data source, as the degree of support (or non-sup-
port) for the abundant-center relationship is not in-
herently a reflection on data quality or the suitability
of a given method.

What counts as abundant-center evidence?

Perhaps a more important current limitation is
what we currently consider as evidence supporting
the abundant-center idea. Some studies have used
rank correlation coefficients between distance and
density to address the significance and strength of
the abundant-center relationship (Santini et al. 2019),
while others have used a classification approach
based on threshold values (Waldock et al. 2019).
That is, if species density at the range margins is less
than some percentage the density of a species in the
geographic or niche center, a species is said to follow
an abundant-center distribution. This makes a rigor-
ous meta-analysis of support for the abundant-center

hypothesis difficult, as thresholds for statistical sup-
port differ greatly, and authors quantify “support” in
many different ways.

WHAT SHOULD WE DO NEXT?

In light of these existing issues and the need for
further theoretical development, it is worth outlin-
ing important next steps in the study of the abun-
dant-center hypothesis. This list is neither exhaustive
nor prescriptive, as this area has been, and will like-
ly continue to be, of great interest to ecologists and
biogeographers with different research approaches.
The continued development of theory (Holt 2019;
Dallas and Santini 2020), as well as the use of con-
trolled experimental approaches (e.g., microcosms),
represent two useful advances to the study of abun-
dant-center ideas. The combination of observational,
experimental, and theoretical approaches will aid in
addressing the numerous questions which currently
exist, including:

1. How do demographic and environmen-
tal stochasticity influence the distribu-
tion of species density in geographic or
niche space?

2. Is there a species trait basis for varia-
tion in support for the abundant-center
hypothesis?

3. What is the influence of human impacts
on the support for the abundant-center
hypothesis?

4. What are the relative roles of niche re-
quirements and species interactions
(e.g., predation, competition, parasit-
ism) on abundant-center relationships?

5. Do mutualistic species tend to both fol-
low abundant-centers with respect to
their own niche requirements, or as a
function of interactor density (e.g., are
plant-pollinator interactions driven by
climate or availability of partners)?

6. Instead of simple measures of population
density, how do demographic rates vary
as a function of distance from the geo-
graphic range or climatic niche center?
(see Pironon et al. 2017 for examples of
this approach)

7. What is the role of seasonal environ-
mental fluctuations to abundant-center
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ideas? Seasonally fluctuating environ-
ments will move populations in niche
space, resulting in different estimates of
distance and variability in the relation-
ship between distance and density.

8. How do abundant-center relationships
change temporally? Species with strong
seasonal dynamics may occupy a differ-
ent range or attain variable densities
as a function of phenology and envi-
ronmental drivers which may lead to a
seasonally variable relationship be-
tween species density and distance from
the geographic range or climatic niche
(Dallas and Hastings 2018).

9. How does global change alter our abili-
ty to detect an abundant-center pattern?
Changes to environmental conditions
shift the niche center in space, yet demo-
graphic responses may be lagged behind.

But what if the goal of the abundant-center hypoth-
esis is not to predict species densities, but simply to
document the decline of species density within a spe-
cies geographic range or climatic niche (i.e., to doc-
ument a pattern)? Many similar macroecological and
biogeographical laws exist, where the current goal is
to gauge support for the relationship across different
taxa and environments (Pironon et al. 2017). This is
certainly a worthwhile endeavor, provided the con-
clusions are tempered by considering the degree of
statistical support for abundant-center relationships,
which are typically quite low Pironon et al. (2017).

CONCLUDING THOUGHTS

It is important to not become dogmatic in the as-
sessment of abundant-center ideas. While intuitive,
the mixed support for the hypothesis suggests that
other factors are important in structuring the spa-
tial distribution of species densities. Even in stud-
ies showing support for the abundant-center rela-
tionship, the amount of variance in species density
explained by the selected distance measure is quite
small, which limits the utility of the relationship for
prediction, and suggests that other processes may
contribute far more strongly to predicting species
densities than distance measures. Further conceptual
and theoretical development is necessary to under-
stand when we would expect to find abundant-cen-
ter relationships, and what other factors contribute

to controlling species density at a given site. To this
end, applying spatial population dynamic models is a
fruitful path forward to explore the conditions which
promote abundant-center relationships in controlled
simulations. Finally, the use of laboratory systems to
test abundant-center ideas is a clear research need,
as they allow the ability to define the species’ niche
independent of geographic space and to control
the amount of variation present in the system. This
not only provides a baseline for how strong abun-
dant-center relationships can be when all other envi-
ronmental variation is ignored, but would also allow
for demonstrations of the relative effects of temporal
variation in environmental conditions, species inter-
actions, and dispersal dynamics in structuring spe-
cies densities across geographic or niche gradients.
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