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Abstract:
Ecologists are intrigued by the manner in which colonists from a regional pool of species establish
and structure local ecological communities. This has initiated several approaches to identifying
the relative roles of regional and local processes. Recently, large-scale data sets and novel
statistical tools have sparked renewed interest in objectively defined homogeneous species
pools. At continental and global scales, these homogenous units are known as biogeographic
species pools. Here we argue that the biogeographic species pool is not just a scaled-up
version of the regional species pool featured in many foundational ecological theories. Instead,

http://www.escholarship.org
http://www.escholarship.org
http://www.escholarship.org
http://www.escholarship.org
http://www.escholarship.org/uc/fb
http://www.escholarship.org/uc/fb?volume=6;issue=4
http://www.escholarship.org/uc/search?creator=Buschke%2C%20Falko
http://www.escholarship.org/uc/search?creator=Brendonck%2C%20Luc
http://www.escholarship.org/uc/search?creator=Vanschoenwinkel%2C%20Bram
http://www.escholarship.org/uc/item/0bp2c1d0


eScholarship provides open access, scholarly publishing
services to the University of California and delivers a dynamic
research platform to scholars worldwide.

the processes linking local communities and regional species pools differ from those in the
biogeographic species pool. To illustrate this, we distinguish between regional and biogeographic
species pools by overlaying species distribution data and differentiat- ing between the intersection
and union of these distributions. Although patterns in the regional and biogeographic species
pools may appear self-similar across scales, the underlying mechanisms differ from those
between local communities and the regional species pool. As a consequence, conventional
approaches of quantifying the relative role of local and regional process are inappropriate for
studying the biogeographic species pool, thus highlighting the need for new multi-scale theories
in macroecology.
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Introduction 
The regional species pool is the set of species that 

can potentially colonize and establish within a lo-

cal community (Lessard et al. 2012a). Ecologists 

use information from the regional species pool to 

quantify the role of evolutionary history in shap-

ing contemporary patterns of local species assem-

blages. Several foundational theories in commu-

nity ecology assume that local patterns are contin-

gent on the colonization dynamics from a regional 

source of migrants (MacArthur and Wilson 1967, 

Hubbell 2001). These theories assume that speci-

ation and historical dispersal add species to the 

regional species pool, which are then passed 

through a series of ecological 'filters' to form local 

assemblages (Guisan and Rahbek 2011). These 

filters include the dispersal ability of a species, 

which determines whether individuals can reach 

the local assemblage; local abiotic conditions that, 

along with the individual's physiological con-

straints, permit the establishment, survivorship 

and reproduction of populations; and species in-

teractions, which modulate resource availability, 

competition, predation and pathogens (Soberón 

2007, Soberón and Nakamura 2009). The relative 

importance of these three classes of filters proba-

bly depends on the spatial scale (interpreted as 

the grain size of the relevant diversity pattern: 

Whittaker et al. 2001, Scheiner 2011) at which the 

local assemblage is studied (Lawton 1999, Schnei-

der 2001, Hortal et al. 2010, McGill 2010). 

 Ecologists scrutinise the relationship be-

tween local and regional diversity patterns to 

identify the roles of historical evolutionary proc-

esses and contemporary ecological filters in struc-

turing communities (Ricklefs 1987, Harrison and 

Cornell 2008, Belmaker and Jetz 2012). They do so 

either by plotting and analysing the relationship 

between regional and local diversity patterns on 

separate axes (Ricklefs 1987) or by using reshuf-

fling algorithms to identify patterns in the local 

community expected from random chance for any 

given regional species pool (Connor and Simber-

loff 1979). The former approach assumes that lo-

cal community processes—i.e., species sorting and 

species interactions—are less important than re-
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gional processes—i.e., speciation and historical 

dispersal—in shaping local communities when 

local and regional diversity patterns are linearly 

related (Ricklefs 1987, Lawton 1999). In contrast, 

local processes supposedly outweigh regional 

processes when local diversity is asymptotically 

related to regional diversity (Ricklefs 1987, Lawton 

1999). In the latter approach, observed patterns in 

local communities are contrasted to those simu-

lated by null models to disentangle deterministic 

patterns of community assembly from random 

expectations (Chase and Myers 2011, Myers et al. 

2013). Both approaches depend on how the re-

gional species pool is defined geographically. This 

ultimately determines the relationship between 

local and regional diversity and can potentially 

change how results are interpreted (Graves and 

Gotelli 1983, Lessard et al. 2012b).  

 Carstensen et al. (2013) realised that the 

geographical delineation of the regional source 

pool is the crucial first step to studying the inter-

play between local and regional diversity patterns. 

They advocated a regional source pool delineated 

in a standardised way and reviewed three poten-

tial approaches to doing so: the assemblage dis-

persion field (Graves and Rahbek 2005) and ho-

mogeneous biogeographical regions identified 

using either distance-based clustering (Smith 

1983, Kreft and Jetz 2010) or network modularity 

analysis (Carstensen and Olesen 2009). However, 

Falko T. Buschke et al.— Regional and biogeographic species pools 
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Box 1. Glossary 

Area of occupancy (AOO): The geographical area within the extent of occurrence where a species actua-

lly occurs (Fig. 2c). The AOO is, therefore, smaller than the extent of occurrence and signifies the 

realised geographical distribution.   

Assemblage dispersion field: A graphic depiction of the range-wide geographical distribution of all spe-

cies that co-occur in a given assemblage. It is one representation of the biogeographic species pool 

(Fig. 3). 

Biogeographical scale: A collective term for spatial scales greater than the geographic area of the discre-

te regional species pool. These scales, therefore, incorporate multiple regional species pools. 

Biogeographic species pool: A conceptual representation of the geographical area in which the composi-

tion of aggregated assemblages are more similar (homogenous) than assemblages from outside the 

geographical area.   

Discrete regional species pool: The geographical area within which any two (or more) randomly selected 

points will have the same regional species pool (Fig. 3).  

Ecological filter: An ecological process that constrains the local establishment of species from a regional species 

pool.  

Extent of occurrence (EOO): A geographical representation of the outer limits of species occurrence, 

which signifies the potential range of a species (Fig. 2b). 

Local scale: A generic term for the spatial scale at which individuals of a species interact with one anot-

her and with their biotic and abiotic surroundings. It is, therefore, a fluid concept that varies depen-

ding on the species.  

Point scale: The spatial scale at which individual organisms respond to immediate stimuli while primarily 

being constrained by processes at the local scale. 

Regional scale: The collective term for spatial scales smaller than the area of the discrete regional spe-

cies pool, but larger than the local scale, where all communities are subsets of the same list of po-

tential colonists (i.e., the same regional species pool)  

Regional species pool: A set (list) of species that can potentially colonize and establish within a community. 

Scale: In the context of this study, scale refers to the grain (also called focus) of the biological pattern. In 

cases where data are aggregated over multiple sampling units, scale refers to the aggregated pro-

perty, not the dimensions of the sampling unit. Although scale is a continuous concept, this study 

distinguishes between biogeographical, regional, local and point scales. 



these aggregated assemblages are regularly based 

on large geographic regions, so Carstensen et al. 

(2013) coined a new term for these units: bio-

geographic species pools (Box 1 ).  

 Biodiversity is nested hierarchically across 

spatial scales (Noss 1990), so it is easy to envisage 

a hierarchy where local communities are nested 

within regional species pools, which are nested 

within the biogeographic species pool. At first 

glance, these spatial scales appear self-similar: 

regional-scale patterns seem to be associated with 

biogeographical-scale patterns in much the same 

way local-scale patterns are associated with re-

gional-scale patterns. However, we believe that 

this convenient arrangement of ecological units 

across spatial scales is a red-herring. While it is 

reasonable to assume that local community pat-

terns are the result of ecological filters imposed 

on a regional pool of potential colonists, the same 

cannot be said for the biogeographic species 

pools. It is unlikely that there is a global or conti-

nental pool of species from which communities 

draw migrants (Ricklefs and Renner 2012), so the 

causal link from the biogeographical region to the 

regional species pool (or finer spatial scales) 

through a series of ecological filters seems mis-

construed. As a consequence, we should avoid 

applying conventional analytical tools (e.g., re-

gional-local regression and random reshuffling) to 

the biogeographic species pool.  

 For example, correlations between regional-

scale patterns, such as species richness in 1° grids 

cells, and biogeographical-scale patterns, such as 

the richness in a homogeneous biogeographical 

region (Linder et al. 2012), should not be inter-

preted in the conventional sense. For instance, 

amphibian richness in 1° grid cells (approximately 

10 000 km2) across Africa have an asymptotic rela-

tionship with the total richness of the bio-

geographical region within which they are nested 

(Fig. 1). However, to attribute this relationship to 

deterministic ecological filters would be short-

sighted because we already know that patterns of 

amphibian diversity in 1° cells are due to geo-

graphical variation in historical rates of diversifica-

tion, extinction and dispersal (Buckley and Jetz 

2007, Pyron and Wiens 2013). Furthermore, to 

attribute this asymptotic relationship to a uniform 

set of ecological filters is an oversimplification be-

cause the relative importance of environmental 

and spatial processes varies between bio-

geographical regions in Africa (Buschke et al. 

2014). Similarly, reshuffling species occurrence 

patterns within the whole Afrotropical realm will 

overestimate the importance of ecological filters 

unless it explicitly considers the effect of the his-

torical processes responsible for patterns of bio-

geographical provincialism (e.g., Linder et al 

2012).  

 In their presentation of the biogeographic 

species pool, Carstensen et al. (2013) cautioned 

against using the biogeographic species pool to 

study community structure using conventional 

approaches because these might overestimate the 

ability of species to colonize any point within the 

pool. We agree with this sentiment whole-

Falko T. Buschke et al.— Regional and biogeographic species pools 
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Figure 1. The asymptotic relationship between the total 
Amphibian species richness of biogeographical regions in 
Africa and the average species richness of 1° grid cells 
within those regions (error bars show the standard devia-
tion). Unlike the relationship between local community 
diversity and diversity in the regional species pool, this 
asymptotic relationship cannot not be interpreted as evi-
dence of deterministic ecological filters because it has 
already been demonstrated how historical speciation 
processes  underlie richness in 1° grid cells (e.g., Buckley 
and Jetz 2007, Pyron and Wiens 2013). The biogeographi-
cal regions were delineated by Linder et al. (2012).  



heartedly and believe that this caveat needs to be 

considered more explicitly. In the following, we 

explain why the biogeographic species pool is not 

just a scaled-up version of the regional species 

pool by describing a simple example at the popu-

lation level. This raises the question of distinguish-

ing between regional and biogeographic species 

pools and, more importantly, identifying the scale 

at which it is no longer appropriate to use conven-

tional analytical tools to assess the importance of 

ecological filters. To this end, we propose a new 

way of distinguishing between regional and bio-

geographic species pools by overlaying species 

distribution maps and identifying the geographical 

extent of the regional species pool. We end by 

briefly discussing the various factors determining 

the geographical extent of the regional species 

pool and suggesting ways in which these factors 

can be related back to the biogeographic species 

pool.  

 

Linking patterns across scales: population level 

If the regional species pool is the collection of 

species that can potentially colonize and estab-

lish within a local community, then there should 

also be an analogous unit at the population level. 

We believe that the species distribution range 

expressed as the extent of occurrence (EOO) is 

the population analogue of the regional species 

pool. EOO data are usually compiled by experts 

who create range maps from decades of invento-

ries across numerous localities (Whittaker et al. 

2001) and thus exaggerate the distribution be-

cause it implies that the species has the potential 

to occupy a region, not that it actually occurs 

there (Hortal 2008). The EOO signifies the outer-

most geographic limits of species occurrence and 

should be distinguished from the area of occu-

pancy (AOO), which represents the area in which 

a species actually occurs (Gaston 2003, Gaston 

and Fuller 2009). As a consequence, a species' 

AOO is usually considerably smaller (40-65%) 

than its EOO (Hurlbert and Jetz 2007). Moreover, 

the EOO does not necessarily signify the outer 

limits of a single metapopulation, so populations 

at opposite edges of the EOO are not always 

linked by dispersal . 

 To illustrate the concept of a population 

equivalent of the regional species pool, we use 

the African bullfrog, Pyxicephalus adspersus, as a 

case example. These frogs are endemic to the arid 

and subtropical grasslands and savannas of south-

ern Africa and spend the majority of the year un-

derground in a state of torpor, emerging only for a 

brief window after exceptional summer rains to 

spawn in ephemeral wetlands (Cook et al. 2001). 

The distribution range for this species is struc-

tured hierarchically (Fig. 2: see supplementary 

appendix for details of the data used to describe 

Falko T. Buschke et al.— Regional and biogeographic species pools 
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Figure 2. The hierarchical distribution of the African bull-
frog, Pyxicephalus adspersus, (a) from the biogeographi-
cal scale, determined as the ecoregions in which the spe-
cies occurs; (b) regional scale, represented as the extent 
of occurrence; (c) local scale, denoted by point localities 
of occurrences and estimated habitat suitability; (d) and 
the point scale, which incorporates the short-term move-
ments of individuals between microhabitats. Numbered 
arrows suggest ways in which patterns may interact at 
different scales. 



these distributions). It must be emphasized, how-

ever, that this specific hierarchical structure is in-

tended to be illustrative, which means that the 

precise scaling and data sources are open for in-

terpretation. 

 We define the local scale as the scale at 

which individuals of a species interact with each 

other and with their biotic and abiotic surround-

ings. At local scales, point localities represent ar-

eas where individual frogs occur (Fig. 2c). Proc-

esses occurring at the local scale (e.g., births, 

deaths, and migration between breeding and over-

wintering sites) determine the AOO of these frogs. 

The aggregated effects of reproduction, range ex-

pansion and local extinction over several genera-

tions combine to determine the bullfrogs' EOO 

(Gaston 1998, 2003, Holt and Keitt 2000). In this 

sense, processes at the local scale influence pat-

terns at the regional scale (upward arrow 1 in Fig. 

2). However, processes at the regional scale may 

also affect patterns at the local scale in instances 

where large-scale, historical processes influence 

local occurrence patterns (downward arrow 2 in 

Fig. 2). For instance, an unoccupied and suitable 

habitat within the EOO can be colonized by the 

African bullfrog, but the same cannot be said for a 

favourable wetland way beyond the outer limits 

of the EOO. Of course, the EOO is a dynamic entity 

that can expand and contract. However, since it 

represents aggregated patterns over several gen-

erations, its boundaries will remain relatively sta-

ble at time-intervals relevant to individual organ-

isms due to regression toward the mean over ex-

tended time periods. We believe that the interde-

pendence between local occurrences and the 

outer boundaries of distribution ranges (sensu 

Ficetola et al. 2014) is the population analogue of 

the interplay between local communities and the 

regional species pool. 

 For the purposes of this illustrative exam-

ple, we chose to define the biogeographical distri-

bution of the African bullfrog (Fig. 2a) as the spa-

tial extent of the ecoregions in which this species 

occurs (Olson et al. 2001). This choice is not defini-

tive and it would be equally appropriate to define 

this range as the biogeographical realm (Procheş 

and Ramdhani 2012, Holt et al. 2013) or region 

(Linder et al. 2012) in which the species occurs. 

Regardless of how the biogeographical range is 

defined, it should be viewed as an emergent prop-

erty of patterns and processes at smaller spatial 

scales (upwards arrow 3 in Fig. 2). Salt (1979) de-

fined an emergent property of a complex ecologi-

cal system as the property which is wholly unpre-

dictable from observation of the components of 

that unit. In complex systems, emergence implies 

upward causation because self-organised patterns 

'emerge' from the swarm of interactions between 

constituent parts at smaller scales (Levin 2005).  

 Contrastingly, patterns at the point scale 

(Hortal et al. 2010) are primarily affected by pat-

terns and processes at larger spatial scales 

(downward arrow 4 in Fig. 2). Patterns at the 

point scale represent the actual positioning of in-

dividual organisms in response to immediate stim-

uli. For example, the positioning of wood-decaying 

fungi on a decaying log may be influenced by bi-

otic interactions and the abiotic attributes of the 

log (Ovaskainen et al. 2010). However, these proc-

esses play a secondary role in the distribution of 

fungi, which is ultimately constrained by the spe-

cies identity of the host tree regardless of the suit-

ability at the point scale (Ovaskainen et al. 2010). 

In the case of the African bullfrog, the tendency of 

tadpoles to aggregate in shallower waters where 

temperature and oxygen concentrations are more 

suitable for rapid development. The choice of mi-

crohabitat (point scale) is constrained by the 

choice of wetland (local scale), not the other way 

around. In fact, adult frogs must resort to modify-

ing the microhabitat at the point scale by digging 

canals between isolated puddles to ensure inflow 

of colder, oxygen rich water from the larger pool 

(Kok et al. 1989, Cook et al. 2001).  

 To summarise, we suggest that local proc-

esses (e.g., births, deaths and migration) may in-

fluence regional distribution patterns (EOO) while 

regional processes (speciation and historical range 

expansion) simultaneously affect local ecological 

patterns (by geographically constraining the colo-

nization and establishment of local populations). 

This creates a feedback loop between local and 

regional processes and, as a consequence, both 

statistical and conceptual associations between 

Falko T. Buschke et al.— Regional and biogeographic species pools 
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population patterns at local and regional scales. 

Contrastingly, patterns at the scale of bio-

geographical regions are the aggregated effect of 

processes occurring at smaller scales, not the 

other way around. Any associations, therefore, 

reflect the consequences of bottom-up causal 

processes. Similarly, the short-term movements of 

individuals within local scales are primarily con-

strained by processes occurring at larger spatial 

scales and, therefore, reflect top-down causality.  

 

Linking patterns across scales: community level 

Defining the regional species pool 

The hierarchical structuring of populations (Fig. 2) 

seems intuitive, but as is so often the case in ecol-

ogy, it is complicated by the inclusion of additional 

species. If the EOO is the population analogue of 

the regional species pool, then the regional spe-

cies pool for multiple species should also incorpo-

rate the EOOs for each of the constituent species. 

We propose that the 'intersection' and 'union' of 

EOOs demonstrate the differences between the 

regional and biogeographic species pools (Fig. 3). 

In the simplest case of two species, much like a 

Venn diagram, the outcome of two intersecting 

ranges is three separate species pools: a portion 

where only the first species occurs, a portion 

where only the second species occurs and the in-

tersection where both species co-occur. The union 

of EOOs, on the other hand, represents the outer 

limits of the assemblage dispersion field (Graves 

and Rahbek 2005), which is one way of delineating 

the biogeographic species pool (Carstensen et al. 

2013). 

 Although we argue that the intersection of 

EOOs is a geographically discrete way of defining 

the regional species pool, we should perhaps 

elaborate further on the exact meaning of this 

statement. The regional species pool is a set of 

species that can potentially colonize and establish 

locally and should thus be seen as a list of species 

(Figure 3). The intersection of EOOs is the geo-

graphical space within which any randomly se-

Falko T. Buschke et al.— Regional and biogeographic species pools 
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Figure 3. Conceptual view of the intersection of four species ranges (species 1–4) and how this influences the list of 
potential colonists, the biogeographic species pool (defined as the assemblage dispersion field) and the discrete re-
gional species pool at four localities (localities A–D). In addition, the frequency distribution can be calculated for the 
discrete regional species pools caused by the intersection of four species ranges.  



lected point localities will have the same set of 

potential colonists (i.e., the same regional species 

pool). This discrete regional species pool does not 

represent the outer geographical limits from 

which potential migrants will be drawn. Local as-

semblages are open to colonization by independ-

ent populations of species (Leibold et al. 2004, 

Ricklefs 2008), so the outer boundary for potential 

colonists will be determined by the distribution 

and dispersal ability of individual species. In this 

regard, the assemblage dispersion field is perhaps 

a better representation of the outer limits of po-

tential colonists, but even this is not necessarily 

true when the EOO contains multiple independent 

metapopulations.  

 Defining the regional species pool as inter-

secting EOOs has several immediate conse-

quences. The first is that the scale of a regional 

species pool can be viewed as a discrete entity 

with clearly defined boundaries determined by 

the range edges of the constituent species. It 

therefore makes sense to attribute differences in 

diversity patterns within this discrete pool to eco-

logical filters because all localities share a com-

mon regional species pool. Contrastingly, when 

comparing patterns across two or more discrete 

pools, the effects of ecological filters can poten-

tially be mistaken for those caused by the histori-

cal factors which shape the regional species pool. 

 A second consequence of defining discrete 

species pools by intersecting EOOs is that the sur-

face area of the pool will generally decrease as 

more species are added and that the maximum 

size of the species pool is constrained by the range 

size of the most narrowly distributed species in the 

pool. A simple way to illustrate this is to calculate 

the probability of any combination of species co-

occurring by multiplying the area of their ranges 

proportional to the study domain (Mokany and 

Paini 2011). For instance, the random expectation 

of two species co-occurring when each covers half 

the study domain is 0.5 x 0.5 = 0.25 and the ex-

pected area of sympatry is the area of the domain 

multiplied by 0.25. Similarly, adding a third species, 

which also covers half the study domain, would 

decrease the random expectation of three species 

in sympatry to 0.125 (0.5 x 0.5 x 0.5). 

 The final implication of the discrete regional 

species pool is that adjacent pools will generally 

only differ in composition by a single species al-

though, in reality, the edges of many species' 

ranges may coincide at natural boundaries, such 

as rivers, mountains or habitat ecotones. As such, 

a shortcoming of delineating the discrete regional 

species pool by intersecting EOO, is that ecologists 

must use their own discretion when deciding 

whether the boundaries between two regional 

species pools are biologically meaningful or simply 

an artefact of misaligned EOO data. The similarity 

between adjacent discrete regional species pools 

demonstrates that they are not integral circum-

scribed ecological entities in the Clementsian 

sense (Clements 1936), but rather homogeneous 

units from which point estimates of overlapping 

species ranges can only be drawn (the local com-

munity according to Ricklefs 2004, 2008). Even 

though compositional differences between adja-

cent pools are small, they are not trivial. For in-

stance, two local communities within adjacent 

regional species pools could have identical species 

composition, but they would differ in terms of 

dark diversity: the number of potential colonists 

from the regional community that are absent from 

a local community (Pärtel et al. 2011). 

 

The ecological significance of the bio-

geographic species pool 

At the population level we proposed that patterns 

at the biogeographical scale are emergent proper-

ties of patterns and processes occurring at smaller 

spatial scales. By extension, the multiple-species 

biogeographic pool should also be viewed as an 

emergent property of local and regional scale 

community patterns and processes. This certainly 

does not suggest that assemblage patterns at the 

biogeographical scale are uninformative. On the 

contrary, maps illustrating clearly defined bio-

geographical regions have captured the imagina-

tion of biogeographers since the earliest efforts of 

Wallace (1876) and have undoubtedly contributed 

to our understanding of biodiversity (e.g., Kreft 

and Jetz 2010, Linder et al. 2012, Procheş and 

Ramdhani 2012, Holt et al. 2013). Nevertheless, 

we should not mistake the biogeographic species 
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pool for a scaled-up version of the regional spe-

cies pool. More importantly, we should avoid ap-

plying ecological theory based on the colonization 

dynamics within regional species pools to bio-

geographic species pools. 
 

Ecological and evolutionary processes under-

lying the regional species pool 

The processes determining the degree to which 

species ranges overlap in each unique assemblage 

can be categorised based on the three major deter-

minants of species ranges at the population level: 

speciation, range expansion and extinction (Gaston 

1998, 2003). Evidently, the ranges of species origi-

nating from the same geographic locality are more 

likely to overlap because regions with high speci-

ation rates tend to also have high species richness 

(Pyron and Wiens 2013). Speciation history, there-

fore, directly determines which species may exist in 

sympatry (i.e., which species occur in the regional 

species pool), but its influence on the degree of 

sympatry is less certain (i.e., the geographical area 

of the discrete regional species pool). Instead, the 

degree to which species ranges overlap is primarily 

determined by range expansion and subsequently 

on whether species are able to persist in its new 

habitat. This is determined by environmental condi-

tions and biotic interactions. Environmental gradi-

ents not only influence the boundaries of individual 

species' ranges (Merriam 1894, Pigot et al. 2010), 

they also seem to affect the number of species that 

can co-occur (Hawkins et al. 2003, Field et al. 2009). 

The effect of biotic interactions on the regional spe-

cies pool is less clear, especially at global and conti-

nental scales where studies of species interactions 

are very difficult to carry out (Wiens 2011). How-

ever, there is compelling new evidence that species 

interactions—most probably competitive interac-

tions—can shape macro-scale species co-

occurrence patterns (Gotelli et al. 2010, Pigot and 

Tobias 2013). 

 Speciation, dispersal, environmental con-

straints and species interactions all contribute 

to the degree of overlap for a set of species 

ranges and their relative importance may be 

dependent on scale (Hortal et al. 2010, McGill 

2010, Guisan and Rahbek 2011). There is, how-

ever, probably much overlap and interaction 
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Figure 4. (a) The area frequency distribution for discrete regional species pools for 5459 Anuran species globally.    
(b) The relationship between the total number of species, the average surface area of their extents of occurrence 
(measured on a logarithmic scale) and the median surface area of the regional species pool (coloured circles) for 
Anuran species in biogeographical realms.  



across these scales because processes are likely 

also mutually dependent. For instance, disper-

sal limitation attributed to the Rift Valley has 

been offered as an explanation for diversifica-

tion of African clawed frogs, Xenopus, in the 

Ethiopian highlands (Evans et al. 2011). Simi-

larly, Salisbury et al. (2012) demonstrated that 

high rates of specialisation in tropical birds, 

presumably to reduce competition, limits dis-

persal across reproductive barriers and in-

creases allopatric diversification rates. More-

over, these processes seem to be modulated by 

climatic variability, which has been proposed as 

the driving factor behind the trade-off between 

dispersal ability and ecological specialisation 

(Jocque et al. 2010). As a consequence, there 

are innumerable ways in which speciation, dis-

persal, environmental constraints and species 

interactions can combine to shape the regional 

species pool. Facing similar complexity, Vellend 

(2010) proposed the existence of a 'black box' 

in community ecology containing all the uniden-
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Box 2. Comparative studies of regional species pools  

We compared the geographical extent of discrete regional species pools between biogeographical 

realms by overlaying the distribution ranges—expressed as the EOO—for 5459 anuran species at the 

global scale. Data were from the Global Amphibian Assessment by the International Union for the Con-

servation of Nature (IUCN) Red List of Threatened Species version 2009.1 (IUCN 2009). Overall, the area 

frequency distribution of discrete regional species pools was unimodal, strongly right-skewed and domi-

nated by small surface areas (Fig. 4a). More than half the discrete regional species pools (341955 of 

667256 discrete units) were smaller than 1 km2, but we should not read too much into these precise 

values which may be errors caused by small inaccuracies in the spatial boundaries of EOO ranges.  These 

errors occur when range limits do not coincide perfectly in instances where multiple species reach their 

natural range limits at clearly defined boundaries (such as rivers or habitat interfaces). To overcome the 

effects of these errors, we excluded the smallest frequency class (discrete species pools smaller than 1 

km2) in subsequent descriptive analyses. 

 We used a recent delineation of biogeographical units (Holt et al. 2013) to compare discrete re-

gional species pools among realms. The median surface area of discrete regional species pools within 

each realm was contrasted with the number of species within that realm as well as the average EOO of 

those species measured on a logarithmic scale (Fig. 4b). Even from such a conceptually simple analysis, it 

is immediately apparent that the surface area of the regional species pool is larger when there are only 

few wide-ranging species. In parts of the Sahara Desert, for example, the ranges of only a handful of 

species, each with widespread distributions (the Sahara Frog, Pelophylax saharicus, the Sub-desert Toad, 

Amietophrynus xeros, and the Common Sand Frog, Tomopterna cryptotis), co-occurred in a regional spe-

cies pool that covered an area of approximately 770500 km2.  

 However, it is also evident that the median surface area of the regional species pool is not a sim-

ple function of species richness and range size. For example, the Neotropics, Oriental and Madagascar 

realms have similarly sized regional species pools (9.18 km2, 9.09 km2 and 4.1 km2, respectively), compa-

rable average range size (4400 km2, 5683 km2 and 6213 km2, respectively), but widely different total 

species richness (2094, 890 and 240 species, respectively). This is suggestive of possible differences be-

tween the biogeographical processes within mainland continents, archipelagos and single landmass is-

lands. As a counter example, the Sino-Japanese, Nearctic and Australian realms have differently sized 

regional species pools (29.61 km2, 58.63 km2 and 102 km2, respectively), despite having similar numbers 

of anuran species (296, 201 and 223 species, respectively) with comparable average range sizes (39190 

km2, 50904 km2 and 45964 km2, respectively). These findings suggest that it may be possible to pin 

down the mechanisms underlying the extent of the regional species pool if we can identify how speci-

ation, which determines the number of species in a realm, and colonization and extinction dynamics, 

which contribute to determining range sizes, vary among biogeographical realms.  



tifiable ways in which patterns and process can 

be linked. He further speculated this box con-

tains no generalities, but rather conclusions 

that are fundamentally system-specific. If Vel-

lend's (2010) arguments also apply to the re-

gional species pool, then a comparative study of 

specific cases would perhaps be more fruitful 

than one grounded in general theory (Box 2). 

 

Conclusion 

Patterns in the biogeographic species pool may 

resemble scaled-up versions of the regional spe-

cies pool, but this should not be mistaken for evi-

dence of similar underlying processes. As a conse-

quence, the well-studied tools for quantifying the 

relative roles of local and regional processes (e.g., 

local/regional diversity regressions or randomised 

null models) are inappropriate for identifying the 

processes occurring between regional and bio-

geographic species pools. Nevertheless, the geo-

graphical extent of the regional species pool does 

seem to depend on the biogeographical pool in 

which it is nested (Box 2) and the next logical step 

will be to explore why this is so. We suspect that 

this will require studies exploring the bio-

geographical variation in local-scale processes 

(e.g., Jocque et al. 2010, Myers et al. 2013). These 

data could ultimately unveil how clear bio-

geographical units emerge from the countless in-

teractions between species at local scales. In addi-

tion to these data, macroecologists should de-

velop new theories to link the regional and bio-

geographic species pools conceptually. However, 

as we argued earlier, we caution against pursuing 

this end by modifying existing ecological theories 

that unify local communities to the regional spe-

cies pools because ecological processes do not 

scale in a hierarchical way.  

 

Acknowledgements 

This research was supported by a EUROSA Eras-

mus Mundus PhD Scholarship. We would like to 

thank Joaquín Hortal, Daniel Carstensen, Jean-

Philippe Lessard and Michael Borregaard and two 

anonymous referees for their helpful suggestions 

on an earlier draft. 

 

References 
Belmaker, J. & Jetz, W. (2012) Regional pools and environ-

mental controls of vertebrate richness. The American 
Naturalist,179, 512–523. 

Buckley, L.B. & Jetz, W. (2007) Environmental and historical 
constraints on global patterns of amphibian richness. 
Proceedings of the Royal Society of London B, 274, 
1167–1173. 

Buschke, F.T., De Meester, L., Brendonck, L. & Vanschoen-
winkel, B. (2014) Partitioning the variation in African 
vertebrate distributions into environmental and spa-
tial components - exploring the link between ecology 
and biogeography. Ecography, 37, doi:10.1111/
ecog.00860. 

Carstensen, D.W., Lessard, J., Holt, B.G., et al. (2013) Intro-
ducing the biogeographic species pool. Ecography, 36, 
1310–1318. 

Carstensen, D.W. & Olesen, J.M. (2009) Wallacea and its nec-
tarivorous birds: nestedness and modules. Journal of 
Biogeography, 36, 1540–1550. 

Chase, J.M. & Myers, J.A. (2011) Disentangling the impor-
tance of ecological niches from stochastic processes 
across scales. Philosophical Transactions of the Royal 
Society of London B, 366, 2351–2363. 

Clements, F.E. (1936) Nature and structure of the climax. The 
Journal of Ecology, 24, 252–284. 

Connor, E.F. & Simberloff, D. (1979) The assembly of species 
communities: chance or competition? Ecology, 60, 
1132–1140. 

Cook, C.L., Ferguson, J.W.H. & Telford, S.R. (2001) Adaptive 
male parental care in the Giant Bullfrog, Pyxicephalus 
adspersus. Journal of Herpetology, 35, 310–315. 

Evans, B.J., Bliss, S.M., Mendel, S.A. & Tinsley, R.C. (2001) The 
Rift Valley is a major barrier to dispersal of African 
clawed frogs (Xenopus) in Ethiopia. Molecular Ecol-
ogy, 20, 4216–4230. 

Ficetola, G.F., Rondinini, C., Bonardi, A., et al. (2014) An 
evaluation of the robustness of global amphibian 
range maps. Journal of Biogeography, 41, 211–221. 

Field, R., Hawkins, B.A., Cornell, H.V., et al. (2009) Spatial 
species-richness gradients across scales: a meta-
analysis. Journal of Biogeography, 36, 132–147. 

Gaston, K.J. (1998) Species-range size distributions: products 
of speciation, extinction and transformation. Philoso-
phical Transactions of the Royal Society of London B, 
353, 219–230. 

Gaston, K.J. (2003) The structure and dynamics of geographic 
ranges. Oxford University Press, Oxford. 

Gaston, K.J. & Fuller, R.A. (2009) The sizes of species' geo-
graphic ranges. Journal of Applied Ecology, 46, 1–9.  

Gotelli, N.J., Graves, G.R. & Rahbek, C. (2010) Macroecologi-
cal signals of species interactions in the Danish avi-
fauna. Proceedings of the National Academy of Sci-
ences USA, 107, 5030–5035. 

Graves, G.R. & Gotelli, N.J. (1983) Neotropical land-bridge 
avifaunas: new approaches to null hypotheses in bio-
geography. Oikos, 41, 322–333. 

Graves, G.R. & Rahbek, C. (2005) Source pool geometry and 
the assembly of continental avifaunas. Proceedings of 
the National Academy of Sciences, USA 102, 7871–
7876. 

Falko T. Buschke et al.— Regional and biogeographic species pools 

 182 frontiers of biogeography 6.4, 2014 — © 2014 the authors; journal compilation © 2014 The International Biogeography Society 



Guisan, A. & Rahbek, C. (2011) SESAM - a new framework 
integrating macroecological and species distribution 
models for predicting spatio-temporal patterns of 
species assemblages. Journal of Biogeography, 38, 
1433–1444. 

Hawkins, B.A., Field, R., Cornell, H.V., et al. (2003) Energy, 
water, and broad-scale geographic patterns of species 
richness. Ecology, 84, 3105–3117. 

Harrison, S. & Cornell, H. (2008) Toward a better understand-
ing of the regional causes of local community rich-
ness. Ecology Letters, 11, 969–979. 

Holt, B.G., Lessard, J., Borregaard, M.K., et al. (2013) An up-
date of Wallace's zoogeographic regions of the world. 
Science, 339, 74–78. 

Holt, R.D. & Keitt, T.H. (2000) Alternative causes for range 
limits: a metapopulation perspective. Ecology Letters, 
3, 41–47. 

Hortal, J. (2008) Uncertainty and the measurement of terres-
trial biodiversity gradients. Journal of Biogeography, 
35, 1335–1336. 

Hortal, J., Roura-Pascual, N., Sanders, N.J. & Rahbek, C. (2010) 
Understanding (insect) species distributions across 
spatial scales. Ecography, 33, 51–53. 

Hubbell, S.P. (2001) The unified neutral theory of biodiversity 
and biogeography. Princeton University Press, Prince-
ton. 

Hurlbert, A.H. & Jetz, W. (2007) Species richness, hotspots, 
and the scale dependence of range maps in ecology 
and conservation. Proceedings of the National Acad-
emy of Sciences USA, 104, 13384–13389. 

IUCN (2009) The IUCN Red List of threatened species. Version 
2009.1. c2009. Available from: http://
www.iucnredlist.org (last accessed: 12 April 2012) 

Jocque, M., Field, R., Brendonck, L. & De Meester, L. (2010) 
Climatic control of dispersal-ecological specialization 
trade-offs: a metacommunity process at the heart of 
the latitudinal diversity gradient. Global Ecology and 
Biogeography, 19, 244–252. 

Kok, D., Du Preez, L.H. & Channing, A. (1989) Channel con-
struction by the African bullfrog: another anuran pa-
rental care strategy. Journal of Herpetology, 23, 435–
437. 

Kreft, H. & Jetz, W. (2010) A framework for delineating bio-
geographical regions based on species distributions. 
Journal of Biogeography, 37, 2029–2053. 

Lawton, J.H. (1999) Are there general laws in ecology? Oikos, 
84, 177–192. 

Leibold, M.A., Holyoak, M., Mouquet, N., et al. (2004) The 
metacommunity concept: a framework for multi-scale 
community ecology. Ecology Letters, 7, 601–613. 

Lessard, J., Belmaker, J., Myers, J.A., et al. (2012a) Inferring 
local ecological processes amid species pool influ-
ences. Trends in Ecology and Evolution, 27, 600–607. 

Lessard, J., Borregaard, M.K., Fordyce, J.A., et al. (2012b) 
Strong influence of regional species pools on conti-
nent-wide structuring of local communities. Proceed-
ings of the Royal Society of London B, 279, 266–274. 

Levin, S.A. (2005) Self-organization and the emergence of 
complexity in ecological systems. Bioscience, 55, 1075
–1079. 

Linder, H.P., de Klerk, H.M., Born, J., et al. (2012) The 
partitioning of Africa: statistically defined 

biogeographical regions in sub-Saharan Africa. Journal 
of Biogeography, 39, 1189–1205. 

MacArthur, R.H. & Wilson, E.O. (1967) The theory of island 
biogeography. Princeton University Press, Princeton. 

McGill, B.J. (2010) Matters of scale. Science, 328, 575–576. 

Merriam, C.H. (1894) Laws of temperature control of the 
geographic distribution of terrestrial animals and 
plants. National Geographic, 6, 229–238. 

Mokany, K. & Paini, D.R. (2011) Dark diversity: adding the 
grey. Trends in Ecology and Evolution, 26, 264–265. 

Myers, J.A., Chase, J.M., Jiménez, I., et al. (2013) Beta-
diversity in temperate and tropical forests reflects 
dissimilar mechanisms of community assembly. Ecol-
ogy Letters, 16, 151–157. 

Noss, R.F. 1990. Indicators for monitoring biodiversity: a hier-
archical approach. Conservation Biology, 4, 355–364. 

Olson, D.M., Dinerstein, E., Wikramanayake, E.D., et al. (2001) 
Terrestrial ecoregions of the world: a new map of life 
on earth. BioScience, 51, 933–938. 

Ovaskainen, O., Hottola, J. & Siitonen, J. (2010) Modeling 
species co-occurrence by multivariate logistic regres-
sion generates new hypotheses on fungal interac-
tions. Ecology, 91, 2514–2521. 

Pärtel, M., Szava-Kovats, R. & Zobel, M. (2011) Dark diversity: 
shedding light on absent species. Trends in Ecology 
and Evolution, 26, 124–128. 

Pigot, A.L., Owens, I.P.F. & Orme, C.D.L. (2010) The environ-
mental limits to geographic range expansion in birds. 
Ecology Letters, 13, 705–715. 

Pigot, A.L. & Tobias, J.A. (2013) Species interactions constrain 
geographic range expansion over evolutionary time. 
Ecology Letters, 16, 330–338. 

Procheş, Ş. & Ramdhani, S. (2012) The world's zoogeographi-
cal regions confirmed by cross-taxon analyses. BioSci-
ence, 62, 260–270. 

Pyron, R.A. & Wiens, J.J. (2013) Large-scale phylogenetic 
analyses reveal the causes of high tropical amphibian 
diversity. Proceedings of the Royal Society of London 
B, 280, 2351–2363. 

Ricklefs, R.E. (1987) Community diversity: relative roles of 
local and regional processes. Science, 235, 167–171. 

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

Ricklefs, R.E. (2008) Disintegration of the ecological commu-
nity. The American Naturalist, 172, 741–750. 

Ricklefs, R.E. & Renner, S.S. (2012) Response to comments on 
"Global correlations in tropical tree species richness 
and abundance reject neutrality". Science, 336, 1639–
f. doi: 10.1126/science.1222685. 

Salisbury, C.L., Seddon, N., Cooney, C. & Tobias, J.A. (2012) 
The latitudinal gradient in dispersal constraints: eco-
logical specialisation drives diversification in tropical 
birds. Ecology Letters, 15, 847–855. 

Salt, G.W. (1979) A comment on the use of the term emer-
gent properties. The American Naturalist, 113, 145–
148. 

Scheiner, S.M. (2011) Musings on the Acropolis: terminology 
for biogeography. Frontiers of Biogeography, 3, 32–
70. 

Schneider, D.C. (2001) The rise of the concept of scale in ecol-
ogy. BioScience, 51, 545–553. 

Falko T. Buschke et al.— Regional and biogeographic species pools 

 183 frontiers of biogeography 6.4, 2014 — © 2014 the authors; journal compilation © 2014 The International Biogeography Society 

http://www.iucnredlist.org
http://www.iucnredlist.org


Smith, C.H. (1983) A system of world mammal faunal regions 
I. Logical and statistical derivation of the regions. 
Journal of Biogeography, 10, 455–466. 

Soberón, J. (2007) Grinnellian and Eltonian niches and geo-
graphic distributions of species. Ecology Letters, 10, 
1115–1123. 

Soberón, J. & Nakamura, M. (2009) Niches and distributional 
area: concepts, methods, and assumptions. Proceed-
ings of the National Academy of Sciences USA, 106, 
19644–19650. 

Vellend, M. (2010) Conceptual synthesis in community ecol-
ogy. The Quarterly Review of Biology, 85, 183–206. 

Wallace, A.R. (1876) The geographical distribution of animals 
Volume II. MacMillan and Co., London. 

Wiens, J.J. (2011) The niche, biogeography and species inter-
actions. Philosophical Transactions of the Royal Soci-
ety of London—Biological Science, 366, 2336–2350. 

Whittaker, R.J., Willis, K.J. & Field, R. (2001) Scale and species 
richness: towards a general, hierarchical theory of 
species diversity. Journal of Biogeography, 28, 453–
470. 

 

Submitted: 06 August 2014  

First decision:  01 October 2014 

Accepted: 23 November 2014  

Edited by Joaquín Hortal 

Falko T. Buschke et al.— Regional and biogeographic species pools 

 184 frontiers of biogeography 6.4, 2014 — © 2014 the authors; journal compilation © 2014 The International Biogeography Society 

Remember that being a member of IBS means you can get free online access to four biogeo-
graphy journals: Journal of Biogeography, Ecography, Global Ecology and Biogeography and 
Diversity and Distributions. You can also obtain a 20% discount on the journals Oikos and Jour-
nal of Avian Biology. 

Additional information is available at http://www.biogeography.org/. 


