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Highlights 
The species pool describes the set of 
species that could potentially disperse 
to and colonize a region. The way it is 
delineated can significantly influence the 
conclusions of ecological studies, thus
making it a fundamental concept with
broad applications across ecological
disciplines.

Considering the potential dispersal of 
The species pool is a fundamental concept with the potential to connect ecolog-
ical and evolutionary processes in community ecology and biogeography. 
However, current definitions of the concept primarily focus on contemporary 
ecological processes, ignoring the historical and evolutionary processes that 
generated the species pool. We propose a phylogenetic framework that defines 
the species pool by inferrin g evolutionary connectivity between communities in a
biogeographic region. Our framework is better suited to addressing questions
regarding assembly processes occurring over long time periods, offering deeper
evolutionary insights for community ecology and conservation biogeography.
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species has improved the delineation of 
species pools, which establishes a para-
digm th at takes ecological connectivity
into account.

Advances in molecular biology and high-
throughput sequencing continue to 
refine our understanding of phylogenetic 
relationships and evolutionary histories 
for many taxa. As a result, phylogenetic 
trees ca n be used to estimate biodiver-
sity and the composition of species
pools.

The phylogenetic framework we 
propose has several applications. 
These include building species pools 
for islands where all species are 
endemic, advancing the examination 
of community structure, and enabling 
the use of records in biodiversity
datasets where taxa cannot be identi-
fied to the species level.

Integrating evolutionary history into the 
definition of the species pool will facilitate 
greater integration of evolutionary 
insights into many ecological questions.
The species pool concept in ecology
The species pool (s ee Glossary) is most commonly defined as the set of species capable of 
dispersing to and establishing in a local community [1–3], making it a central concept in commu-
nity ecology, island biogeography, and conservation biology [4–6]. With regard to community 
assembly theory, a key question is whether the subset of species in a local community differs 
from a random subset drawn from a larger pool of species occurring in a biogeographic region
[7–9]. However, how the species pool is defined remains debated, and its definition substantially 
influences biological interpretations of observed patterns [10]. Thus, delineating the species 
pool is crucial for identifying the predominant processes governing the a ssembly of ecological
communities [11,12]. 

Delineating a species pool is challenging because it requires knowledge of dynamic species 
distributions. Communities assemble over thousands or millions of years, yet most species 
pool definitions focus on contemporary distribution data. For example, an increasingly common 
approach to delineate th e maximum geographic extent of a species pool considers all species
occurring in the biogeographic region in which the focal community is nested [13]. This species 
pool can then be refined by weighting the probability that species could disperse to and persist
in the focal community [14,15]. However, both the delineation of the biogeographic extent and 
the choice of weights are somewhat arbitrary, prompting the development of heuristic methods 
that explore various thresholds to delineate species pools [16], one of which is the dispersion
field [12,17,18]. Despite various attempts to refine the definition of species pools, existing 
definitions rely heavily on the assumption that they are static through time and that dispersal 
occurs w ithin an ecological time window, ignoring historical factors operating over evolutionary
time scales [3,11]. Recent work shows that species within a given contemporarily defined pool 
tend to share more evolutionary history than expected by chance alone, highlighting the potential 
role of biogeographic and evolutionary history in shaping species pool composition [19]. 
Developing a framework reliant on phylogenetic relationships to define the species pool could 
enhance the rigor of its delineation and advance the concept more broadly.
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A phylogenetic framework to incorporate evolutionary history into the s pecies
pool definition
Our framework builds upon an established method for delineating species pools—the dispersion 
field—which is estimated by overlaying the geographic ranges of a ll species present in a focal
community [2,18,20]. This method emphasizes the underlying dispersal process based on the 
assumption that if a species in a given community has entered the focal community at some 
point during the assembly p rocess, then all other species in this community could theoretically
have done so [17]. The advantages of this approach include its ability to (i) define a community-
specific species pool (rather than a region-specific pool) and (ii) provide a spatial representation 
of the extent and size of the pool from which a focal community can draw species [17,18] 
(Figure 1B). However, this approach focuses primarily on contemporary dispersal probabilities 
and may, therefore, misrepresent the pool of potential colonists, given that communities typically
assemble over long periods of time [11,21,22]. Here, we extend the existing species-level 
dispersion-field approach to integra te processes that operate over evolutionary timescales.

First, our approach aims to determine a biologically meaningful geographic extent, or 
biogeographic pool, which should be tailored to a specific ecological or evolutionary
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Figure 1. Traditional dispersion-field species pool and the proposed phylogenetic framework integrating evolutionary 
history into species pool definitions. (A) A hypothesized biogeographic region containing nine species distributed across four 
island communities and a phylogenetic tree illustrating their taxonomic ranks. (B) Traditional and phylogenetic dispersion-field 
species pools for Community A (composed entirely of single island endemic species) and Community B (composed of both single 
island endemic and more widespread species). Under the traditional definition of dispersion fields, the species pool of Community 
A is restricted to itself because it shares no species with other communities. When building the species pool at the genus level, 
however, the species pool of Community A expands to include all species in Communities A, B, and C (i.e., Species 1–7), as 
these three communities share Genus 2. Although Species 4 is absent from Community A, it can be assumed to occupy environ-
ments similar to Species 3, given that they belong to the same genus and are close relatives (sister species, assuming no closer rela-
tives are missing from the phylogeny in this case). Although Species 5–7 are more distantly related to the species in Community A
(i.e., they belong to different genera and/or families), their inclusion is justified by the assumption that they have the potential to disperse
into and establish in Community A through coexistence with Species 4. Species 8 and 9 are excluded because they fall outside the
dispersion field (i.e., they are not considered to have the potential to disperse to or establish in the focal community).
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Glossary 
Biogeographic pool: all the species 
occurring within a particular 
biogeographic region, the extent of 
which should be defined according to a
specific scientific question.
Cladogenesis: an evolutionary 
process whereby a single ancestral 
taxon splits into two or mo re distinct
descendant taxa.
Community assembly: the process 
by which different species come 
together to form communities, driven by 
ecological processes such as dispersal, 
environmental filtering, and interspecific 
interactions that determine which
species inhabit a particular site.
Community structure: the degree to 
which the species in a local community 
are more closely related (clustered) or 
less closely related (overdispersed) than 
expected by chance, based on a
question. For example, questions focusing on contemporary assembly filters might use a 
geographic extent smaller than what would be needed for questions related to the deep-time 
assembly of communities. Subsequently, information on the taxonomic h ierarchy of species
in the biogeographic pool is used to refine the list of species in the pool (Figures 1 an d 2). 
Specifically, the genera (or other taxonomic ranks) of all species in the focal community are 
identified. Then, all communities within the biogeographic region containing the same genera 
(or other taxonomic ranks) a s the focal community are included in the (phylogenetic) dispersion
field [12] (Figure 1).

This approach traces back to Alfred Russel Wallace, who used hierarchical taxonomic rela-
tionships to delineate the biogeographic regions of the world [23], and enables the inference 
of evolutionary connectivity. More recently, Holt et al. extended this approach by using
time-calibrated molecular phylogenies for the same purpose [24]. The underlying logic is 
that the deep-time history of gene flow between populations and communities should be 
reflected in the amount of evolutionary history they share. Thus, taxonomic and phylogenetic 
relationships can be used to infer the exchange of individuals and their genes be tween
communities, enabling the reconstruction of species pools within a phylogenetic framework
[24,25]. 
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igure 2. Procedures for delineating the phylogenetic species pool, using the genus-level dispersion field of
ommunity A in Figure 1 as an example. Gray boxes in the right column represent examples corresponding to each 
tep of the probabilistic approach using a phylogenetic tree, while blue boxes in the left column indicate factors that can 
e integrated into the procedures. Purple boxes in the central column represent the species pool derived from the 
hylogenetic framework. Arrows between black boxes (i) show different factors and types of data (left column) that can be 
corporated into the corresponding steps (central column) and (ii) illustrate examples for those steps (right column). 
ranch lengths of the phylogenetic tree are used to estimate phylogenetic distances. Di represents the phylogenetic 
istance between each s pecies in community i and the focal community, while Dall is the total phylogenetic distance
cross all species pairs between the focal and dispersion-field communities. The subscript i denotes the ith community
mong the n communities in which a given species occurs.

specific species pool and a null model.
Dispersion field: all communities in the 
biogeographic region that share a 
certain number (or proportion) of species 
with a focal community. In a 
phylogenetic species pool framework, 
this concept can be ex tended to higher
taxonomic levels (e.g., the genus level).
Ecological niche similarity: the 
degree to which species overlap in their 
niches, including resource utilization, 
environmental tolerances, and 
spatiotemporal distribution. The degree 
of ecological niche similarity between a 
pair of species can often be inferred from
the phylogenetic distance between
them.
Evolutionary connectivity: the degree 
to which gene flow influences 
evolutionary processes within species 
across communities; it is typically 
inferred from the number of conspecific 
dispersers or th e level of genetic
similarity between populations.
Null model: a pattern-generating 
model that produces random samples 
of ecological data through 
randomization procedures or by 
sampling from specified distributions, 
typically designed to test the ro le of
particular ecological or evolutionary
processes.
Species pool: a set of species that can 
potentially enter a local community, 
including those that historically existed or 
originated in situ,  as  well  as  those  
capable of dispersing to and establishing
within it.
Standardized effect size (SES): a 
statistical measurement that quantifies
F
C
s
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a
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Tip-shuffle: a null model algorithm 
commonly used when inferring 
phylogenetic community structure that 
involves randomly shuffling the identities 
of the terminal tips (e.g., species) of a 
given phylogenetic tree and fixes site
richness.

the degree to which observed patterns 
of community structure deviate from 
expectations based on random draws 
from a predefined pool. SES is 
calculated as the observed value of a 
biodiversity metric in the target 
community minus the mean value of the 
corresponding metric from a set of 
randomized values generated using the 
community’s species pool and a specific 
n ull model (i.e., the mean of the null
distribution), divided by the standard
deviation of the null distribution.
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In addition to reflecting historical connectivity, phylogenetic dispersion fields may also reflect ecolog-
ical niche similarity. Phylogenetically closely r elated species often share similar ecological niches
owing to evolutionary conservatism [26], suggesting that they are likely to be adapted to similar envi-
ronments and, therefore, to co-occur in space [27,28].  We  acknowledge,  however,  that  the  strength  
of phylogenetic niche conservatism is unequal across lineages and, therefore, should, where possible,
be assessed to facilitate biological interpretations [29]. Nevertheless, the degree of ecological niche 
similarity among species can often be inferred from phylogenetic distance [30,31], which can then 
be used to estimate the historical likelihood of dispersal and establishment in the focal community [16]. 

It should be noted that when a phylogenetic tree for the studied taxon is available, it can be used 
to reassign species to different taxonomic groups to reflect phylogenetic relationships, if required, 
as traditional taxonomic groups are often nonmonophyletic. More importantly, a p hylogenetic
tree can be used, as part of our approach, to estimate the probability of a species being included
in the species pool (Figure 2). This probability can be calculated using phylogenetic distances 
obtained from the phylogenetic tree or estimated from the tree topology if phylogenetic distances 
are unavailable. These estimates of phyloge netic distance can then serve as proxies for historical
connectivity and niche similarity among species [32]. For species already present in the focal 
community, the relative probability of colonizing and establishing in the focal community can be 
set as the maximum relative probability value (defined as 1 in this framework). For species not 
occurring in the focal community, weights can be assigned using the proposed probabilistic 
phylogenetic approach. First, pairwise phylogenetic distances are computed between all species
occurring in the focal community and in communities in the biogeographic region. Second, each
community occurring in the biogeographic region is assigned a weight that is positively related to
its relative phylogenetic similarity to the focal community (Figure 2). A higher weight implies stron-
ger historical connectivity, making those communities more likely to be part of the species pool of 
the focal community. Because this approach can be overly liberal, it may be necessary to set a 
minimum phylogenetic sim ilarity threshold below which communities are excluded from the
phylogenetic pool. It is also recommended to explore the effect of threshold choice on the results
[18,33]. Finally, the probability that a species in the biogeographic pool colonizes the focal 
community can be weighted by the divergence-weighted contributions of the communit ies in
which it occurs, given that species vary in their frequencies across the dispersion field (Figure 2). 

Our proposed framework can integrate additional factors into the resampling of the 
phylogenetic species pool. For example, abiotic factors such as climate can be incorporated 
when delineating biogeographic regions, and species abundances can be considered when 
calculating species weights. Functional traits, especially those related to dispersal ability,
may also be used as a weighting factor for defining the dispersion field [2].  If  data  on
human-driven species extinctions are available, we recommend including them in the 
species pool because they may, in some cases, include relatively phylogenetically uniq ue
species that could influence phylogenetic species pool analyses (Figure 2). We acknowledge 
that, for some islands, there are likely addition al unrecorded (i.e., cryptic) anthropogenic
extinctions [34]. However, given their very nature, it is not possible to obtain data on the 
identities of unrecorded extinct species, meaning they cannot be added to the pool. Future 
work identifying the number of unrecorded island extinctions across d ifferent taxa is needed
to better understand the scale of this issue.

Applications of the phylogenetic species pool concept in c ommunity ecology
and conservation biogeography
Islands serve as a test bed for many important biogeographic hypotheses that rely on the species 
pool concept, and the use of phylogenetically based species pools could improve our
4 Trends in Ecology & Evolution, Month 2026, Vol. xx, No. xx
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understanding of insular community assembly and dynamics [35,36]. Previous species pool 
definitions based on dispersion fields have limited applicability to communities numerically 
dominated by endemic species, a common characteristic o f remote oceanic islands and archi-
pelagos [37]. In extreme cases where all species on an island are single-island endemics, such 
as mammals on East Falkland Island, approaches that rely on species-level compositional 
dissimilarity t o infer the species pool can only include the island species themselves in the
pool [5]. Our method addresses this limitation in two keyways. First, it incorporates a larger 
set of species that are taxonomically or phylogenetically related to those in the focal commu-
nity, thereby mitigating the challenges posed by biotas comprised entirely o f endemics.
Second, it accounts for evolutionary processes such as cladogenesis (e.g., Species 3 and
Species 4 in Figure 1), which is a common driver shaping species richness pa tterns on islands
[36]. 

The island species–area relationship (ISAR) is a well-established global ecological pattern 
whereby island species richness increases with island area [37]. Several drivers of the 
ISAR have been proposed, including an increase in speciation rate with island area in archi-
pelagos where speciation is an important assembly process [38]. Given this, research on the 
ISAR has expanded to incorporate evolutionary processes and to evaluate how other 
dimensions of biodiversity—particularly functional and phylogen etic diversity—scale with
island area, so-called island diversity–area relationships (IDARs) [7]. One approach to study-
ing the IDAR involves using null models based on a defined species pool to assess how 
standardized measures of functional and phylogenetic diversity scale w ith area, thereby
providing insights into the relationship between community assembly processes and island
area [7]. Thus, our phylogenetic framework can be applied to define  a  more  appropriate
island-specific species pool when examining IDARs, helping to identify potential dispersal
or environmental filtering and to clarify how these processes scale with island area.

As highlighted in the previous paragraph, species pools are integral to the comparative null 
model approaches commonly used to infer community assembly processes [39].  This  is
achieved by testing whether the observed community structure deviates from random 
expectation or from the community structure p redicted by the processes included in the
species pool definition [5,40,41]. Our phylogenetic framework incorporates evolutionary 
processes into the definition of the species pool, arguably a more biologically realistic alterna-
tive to the traditional definition when dealing with questions involving evolutionary and historical 
assembly processes. For example, it provides a more rigorous basis for addressing questions
such as whether communities are cradles or museums of biodiversity [42],  particularly  in
systems where historical events (e.g., founder effects associated with early colonization) 
have strongly shaped present-day biodiversity patterns. Box 1 provides a more detailed over-
view of how this approach can be implemented in practice, and Box 2 provides an illustrative 
case study applying the phylogenetic framework to infer island co mmunity structure.

Our framework extends the scope of community assembly research by overcoming gaps in 
biodiversity data related to difficulties with species identification, using higher ta xonomic ranks
as proxies when defining species pools for a given community [53]. One straightforward applica-
tion lies in the analysis of biodiversity datasets lacking species-level resolution, including those 
that (i) contain cryptic taxa, (ii) lack species-level phylogenetic trees (e.g., many insect taxa), 
and (iii) comprise other types of records where species-level identifications are unavailable 
(e.g., nocturnal rodents recorded in black-and-white images from camera traps). These ambigu-
ities often lead researchers to discard these data, potentially biasing community assembly and
species pool analyses. By enabling the inclusion of incomplete or coarsely resolved taxonomic
Trends in Ecology & Evolution, Month 2026, Vol. xx, No. xx 5
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data, our framework mitigates these biases and expands the scope of analyses for commun ity
ecology and conservation assessments in data-limited contexts.

Considerations when applying the phylogenetic framework
Employing our species pool framework requires several important considerations. First, it is 
based on the assumption that closely related species are generally more likely to exhibit
ecological niche similarity [44], and we therefore recommend, where possible, testing for 
phylogenetic niche conservatism prior to applying this phylogenetic framework. A common 
approach is to test for phylogenetic signal in various tr aits when reliable trait data and phylo-
genetic trees are available [32,54]. A strong phylogenetic signal would indicate that phylo-
genetic distance is a reliable proxy for ecological niche similarity [19], justifying the use of 
our probabilistic method. If the phylogenetic signal is weak, we recommend defining the 
dispersion-field species pool at the genus level without using the probabilistic weighting. 
When trait data are unavailable, alternative methods, such as ecological niche models,
can be used to test for different measures of phylogenetic niche conservatism [54]. 

Second, in most cases, using the genus level as the primary taxonomic rank for establishing 
the phylogenetic dispersion field represents a sensible choice. However, where the study 
question demands it, using the family (or higher) level may be a viable a lternative. For exam-
ple, the use of a family-level species pool could help assess the impact of macroevolutionary
processes on the structure of fossil assemblages [55]. In addition, family-level branches in a 
phylogenetic tree tend to be deeper than those at the genus level, which can create differ-
ences in the evaluation of phylogenetic signal. If the phylogenetic signal is weak at the
Box 1. Using the phylogenetic species pool framework to answer key questions in eco logy and evolution:
Biodiversity cradles or museums?

Our approach offers a new perspective on fundamental questions in ecology and evolution, such as whether regions act 
as cradles (where species diversity arises from recen t rapid speciation) or museums (where species diversity results from
the gradual accumulation and preservation of species over time) [42,43]. This classification is often determined by compar-
ing metrics of phylogenetic community structure (e.g., mean pairwise distance) to those derived from various null models
[i.e., through the analysis of standardized effect size (SES) values] [42] generated with a defined region-specific species 
pool. In such cases, if a focal community contains a high proportion of young species (i.e., species with shorter terminal 
branch lengths) relative to the species pool, its phylogenetic structure should be more clustered when compared to null 
model values (lower SES). Conversely, if the community co ntains a greater proportion of relatively old species
(i.e., species with longer terminal branch lengths), its phylogenetic structure should be more over-dispersed (higher
SES) (Figure I). These patterns suggest that historical connectivity and niche conservatism may influence the evaluation 
of the extent to which ecological processes shape phylogenetic community structure.

Our framework can be used in cradle versus museum classification analyses by defining a region-specific species pool that 
explicitly accounts for phylogenetic relationships and thus that, in theory, should be better suited for accounting for assem-
bly processes operating at evolutionary timescales. Incorporating deeper branches into the species pool can alter the 
quantification of community phylogenetic structure, which may in turn affect our inferences regarding the processes driving 
community assembly and the identification of cradles and museums. For example, if a particular community in a region 
exhibits a degree of clustering similar to the null expectations under a species-level species pool, but shows a significantly 
greater degree of clustering than expected under a genus-level species pool, it would provide evidence for a role for envi-
ronmental filtering as an assembly mechanism that is only apparent after accounting for historical connectivity and phylo-
genetic niche conservatism. Conclusions on whether this particular region is classified as a museum or a cradle could also
differ, depending on the evolutionary history of the additional species in the phylogenetic pool. For example, Figure I 
provides a hypothetical example of such a scenario. In this example, the genus-level species pools incorporate a number 
of relatively young/old species that are not in the respective species-level pools, thus strengthening the associated relation-
ship between phylogenetic structure and community evolutionary history, a pattern that should reflect the influence of 
phylogenetic tree topology on community structure estimation. Further research is needed to determine how this
approach works in practice with empirical data for different taxa.

6 Trends in Ecology & Evolution, Month 2026, Vol. xx, No. xx
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Figure I. Potential applications of the phylogenetic species pool concept when used to assess phylogenetic 
community structure. A set of simulated focal communities and source pools are used to illustrate hypothetical 
differences that could emerge when using genus-level and species-level pools, and the resultant effects on the 
identification of ‘museums’ and ‘cradles’. Black circles represent species within the focal region; orange squares 
represent the traditional species-level species pool; and purple triangles represent the genus-level species pool inferred 
from the proposed phylogenetic framework. In the formula for calculating the SES, Obs denotes the phylogenetic 
metric value (e.g., mean pairwise phylogenetic distance) of the focal region, meannull denotes the mean of the set of corre-
sponding metric values generated by random resampling of a predefined species pool, and sdnull represents the standard 
deviation of the set of metric values derived from random resampling. In this example, total evolutionary history refers to the
sum of the length of the terminal branches (in a phylogenetic tree) of all species within a focal region. A ‘museum’ refers to a
region where species diversity results from the gradual accumulation and preservation of species over time, characterized
by the presence of many relatively old species, while a ‘cradle’ refers to a region where species diversity arises from recent
rapid speciation (i.e., the presence of many relatively young species).Whether a region is amuseumor cradle can be deter-
mined by comparing the phylogenetic diversity of a region with values generated from a null model that involves sampling
from a predefined pool.
genus level but strong at the family level, it may be appropriate to consider using the family
as the primary taxonomic rank.

Third, our phylogenetic framework allows for the inclusion of species that could potentially 
disperse into the focal community but would otherwise be excluded by traditional species pool 
definitions. However, there are several considerations regarding the spatial extent of the pool 
and the inclusion or exclusion of certain species that need to be carefully evaluated based on 
the specific study question and spatial scale. We illustrate this point with three examples: 
(i) When the spatial scale (extent) of a study is relatively large, the presence of widespread genera
(e.g., the avian genus Corvus, which is distributed across almost all continents) in the focal
community can result in excessively large and broad dispersion fields [20]. A possible solution 
is to set a distance threshold based on the dispersal capacity of the study taxon, which can be
combined with phylogenetic weights if necessary [18,33]. Alternatively, the spatial extent of the 
biogeographic region can be adjusted accordingly. (ii) Site-level endemic species (e.g., island 
endemics) may often be considered unlikely to disperse beyond their native ranges i n the
absence of human actions, particularly in island systems [56]. Therefore, careful consideration 
should be given to whether site-level endemic species should be included in the species pool 
of other sites. (iii) Some closely related species exhibit disju nct geographic distributions
(e.g., the family Nelumbonaceae in eastern Asia and eastern North America) [57]. Depending
Trends in Ecology & Evolution, Month 2026, Vol. xx, No. xx 7
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on the scale of the study, it may be necessary to exclude such cases, for example, by using 
distan ce weighting or refining the spatial extent of the source pool region.

Finally, the spatial scale of analysis fundamentally influences perceptions of species distributions 
and, in turn, how species pools should be defined [11]. At small spatial scales, regionally endemic 
species may appear widespread because they frequently occur across multiple local communi-
ties within the constrained study area. Conversely, at larger scales, the same endemic species 
often exhibit limited geographic ranges. Th is scale dependency has important implications for
species pool definitions [10]. At local scales, most relatively common species are broadly shared 
among nearby communities. Thus, the phylogenetically defined species pools will often resemble 
traditional species-level pools in such cases. As the spatial scale increases, phylogenetic species
pools will typically diverge from traditional species-level pools by effectively including species that
might otherwise be overlooked.
Box 2. Using the phylogenetic species pool framework to analyses community struc ture: Null models and
extinct species

We use a hypothetical archipelago comprising several study islands to illustrate the use of our proposed phylogenetic 
species pool framework in inferring community structure and highlight how the choice of null mo del algorithm and the
inclusion or exclusion of recent (i.e., anthropogenic) extinct species may influence the results [44–46]. In this hypothetical 
example, the biogeographic region is delineated based on the dispersal ability of the focal taxon, allowing for the identifi-
cation of island-specific species pools. The species on the islands consist primarily of mostly young lineages (relative to the 
biogeographic pools that include a mix of relatively young and old lineages), with a number of species having been driven 
extinct from the biogeographic pools by human activities. Our aim is to assess the phylogenetic community structure of the
islands in the focal archipelago relative to a given species pool and null model. Due to the presence of numerous relatively
young lineages, the island assemblages in the archipelago are expected to exhibit a clustered phylogenetic structure (as
shown in Figure I) because, in this case, random draws from the species pools of the focal islands are likely to include some 
relatively older species. In this example, the genus-level pools contain numerous additional relatively old species that are 
not present in the species-level pools, and thus, we expect in this case a greater degree of clustering to be apparent when 
using the former relative to the latter. Analyses using empirical data are required to evaluate whether such a scenario is
common in nature, or if the comparison of species-level and phylogenetic pools instead reveals alternative differences in
phylogenetic community structure patterns.

Previous studies of phylogenetic structure typically adopt a traditional species pool combined with a tip-shuffle null model
[7]. However, as with all community assembly analyses of this nature, the choice of null model algorithm can affect the 
analytical outcomes and biological interpretations [47,48]. In addition to the tip-shuffle null model there are various null 
model algorithms that randomize the presence values in the species-by-site matrix. Some of these (e.g., those that allow 
both site richness and species incide nces to vary) have been shown to be more prone to Type I error in the analysis of
certain biodiversity patterns [49], while others (e.g., those that keep site richness and species incidences fixed or propor-
tional to empirical values) are argued to be more conservative [50]. As the tip-shuffle algorithm is an easy-to-use null model 
in combination with our phylogenetic species pool approach and is expected to have relatively low Type I error rates when
used to infer phylogenetic community structure [5,51,52], it likely represents a sensible general choice for use with our 
proposed framework. However, further research on appropriate null models to use alongside the proposed framew ork
is needed and, as always, researchers should carefully evaluate which null models are most appropriate for their particular
study question. Figure I shows the results of our hypothetical archipelago community structure analysis, comparing the tip-
shuffle null model with a liberal null model that randomizes the species-by-site matrix.

In human-modified island systems, the inclusion or exclusion of anthropogenic extinct species in the focal site and species
pool can alter the estimation of phylogenetic community structure [7], although the magnitude of the over- or underestima-
tion depends on the evolutionary distinctiveness of the extinct species compared to the extant species. For example, in our 
hypothetical example, the inclusion of relatively evolutionary distinct extinct species in the species pools (but not on the 
focal islands themselves) is predicted to result in more clustered community structure of the focal communities. In cases 
where the phy logenetic species pool already incorporates the genera that the extinct species belong to, the effect of
excluding the extinct species on the results should, in many cases, be reduced.

In general, when applying the phylogenetic species pool framework, we recommend simultaneously applying the tradi-
tional species-level dispersion-field pool. The results from both the species-level and the phylogenetic dispersion field 
approaches can then be compared through statistical analyses, with any discrepancies potentially providing insights into
the role of evolutionary processes shaping contemporary community structure.
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Figure I. Example results of an analysis comparing the traditional and the phylogenetic species pool 
frameworks (i.e., species vs. genus level pools) when estimating community phylogenetic structure for 
our hypothetical study islands. Boxplots summarizing the phylogenetic structure measured by the SES values for 
the focal islands under the traditional (species level) and phylogenetic (genus level) species pools, using two different 
null model algorithms, one applied to  the  phylogenetic  tree  (tip-shuffle) and one applied to the species-by-site matrix 
(e.g., where site richness and species incidences are allowed to vary in an equiprobable manner) which is known to be
prone to Type I error (in this case, providing stronger evidence of clustering). Results are also shown for scenarios with
or without the inclusion of relatively evolutionarily distinct extinct species that are part of the wider species pools but are
not present on the focal islands themselves.

Outstanding questions 
Estimating many biodiversity metrics 
relies on the definition of species pools. 
The standardized effect size values we 
considered here are primarily calculated 
in relation to α-diversity metrics (e.g., the 
standardized effect size of mean pairwise 
phylogenetic distance). Can this
approach be used with other biodiversity
metrics, such as β-diversity metrics?

The use of null model algorithms can 
influence the outcomes of community 
structure analyses, regardless of the 
choice of species pool. It is likely that 
analytical results will differ between 
traditional species-level dispersion-field 
pools and phylogenetic genus-level 
dispersion-field pools when inferring 
community structure. To what extent 
do these discrepancies provide insights 
into the role of evolutionary processes 
shaping contemporary community 
structure? A re there other important
evolutionary processes that are not
covered by the phylogenetic species
pool approach?

Based on the phylogenetic genus-level 
species pools proposed here, how 
can we best integrate functional traits, 
abundance, and abiotic factors 
(e.g., contemporary and historical 
climatic or geographic factors) into this 
framework to better identify the poten-
tial species pool of a given local 
community? How can we disentangle 
the effects of evolutionary connectivity
from those of phylogenetic niche
conservatism on community structure?
Concluding remarks 
Incorporating evolutionary processes into the species pool concept within a novel and theoreti-
cally grounded phylogenetic framework addresses several limitations associated with traditional 
species-level pool definitions. In addition, the proposed framework offers new insights and 
guidance for theoretical ecological research in community ecology and conservation biogeogra-
phy. Further empirical studies are needed to validate how effectively this framework addresses
different ecological and evolutionary questions, as species pools inherently represent simplified
approximations of complex metacommunity dynamics influenced by multiple biotic and abiotic
factors (see Outstanding questions). 
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