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What determines a taxon’s range? This is a deceptively simple

question. It represents the intersection of ecology and evolution,

requiring an understanding of the fundamental relationship be-

tween biotic and abiotic factors that can both constrain and drive

assemblage structure and rates of lineage diversification. Modern

methods have enabled robust analyses of this complex relation-

ship through the integrated use of phylogenomics, community

ecology, functional morphology, and biogeography.

Two hypotheses that attempt to describe the processes and

patterns that form the relationship between biotic assemblages and

evolutionary history are phylogenetic niche conservatism (PNC)

and overdispersion (Fig. 1; Wiens and Graham 2005; Losos 2008).

With PNC, assemblages are comprised of clusters of closely re-

lated taxa that maintain similar ecological niches. With overdis-

persion, a community is composed of taxa that are more distantly

related than expected by random chance.

Cardillo et al. (2017) explicitly test the contribution of these

hypotheses in the genus Hakea, a group of 151 native Australian

species of hard-leaved shrubs and trees in the family Proteaceae.

Using species occurrence data and a robust phylogeny, the authors

modeled patterns of range evolution among assemblages of Hakea

and quantified the degree of phylogenetic relatedness within six

major biomes in Australia.

Previous studies demonstrated that a variety of plant species,

at spatial scales ranging from region to biome, support the PNC

hypothesis with evidence for in situ diversification and rare biome

transition events through their evolutionary history (Fig. 1; Crisp

et al. 2009). Remarkably, Cardillo et al. (2017) discovered that
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species assemblages of Hakea were phylogenetically diverse and

were predicted to have undergone frequent and numerous shifts

between biomes. These characteristics closely resemble the pre-

dicted pattern of overdispersal, in which transitions among biomes

are more frequent as a mechanism to maintain phylogenetic di-

versity (Fig. 1). This suggests that Hakea represents an important

anomaly among plant groups.

Teasing apart the impacts of phylogenetic, geographic, and

climatic similarities on connectivity among community assem-

blages has important implications for evolutionary theory and

applied conservation. An inability to tolerate changes in cli-

mate, limited dispersal capabilities, and competition for resources

has all been shown to limit the expansion of a lineage’s range

(Wiens and Graham 2005). Conversely, the ability for taxa to

disperse, colonize, and adapt in novel habitat types has the po-

tential to increase lineage survival rates when facing imminent

changes in climate (Crisp et al. 2009). Physiological, behav-

ioral, and ecological barriers to dispersal remain poorly under-

stood for most taxa despite their influence on global patterns

of biodiversity (Glor and Warren 2011). A comprehensive ex-

amination of the ecological factors and physiological adapta-

tions that have driven the distribution of Hakea will provide

new insight on how lineages are able to disperse across biome

boundaries.

Many conservation-based studies now focus on preserv-

ing phylogenetically diverse assemblages within habitats (Tucker

et al. 2012). This is in an effort to maintain genetic and functional

diversity within communities by acknowledging evolutionary re-

latedness when designating areas of highest conservation priority

(Tucker et al. 2012). The results presented in Cardillo et al. (2017)

highlight the need for future clade-focused studies on assemblage

structure and ancestral habitat shifts. Through the integration of

these findings, we can begin to understand what determines a

taxon’s range.
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Figure 1. Schematic of the expected pattern of biome shifts for phylogenetic niche conservation (left) versus overdispersal (right) in

a simulated phylogeny. The color of each node represents a distinct biome. Nodes at each tip represent the biome where that lineage

currently occurs, and internal nodes represent the ancestral biome estimation of each clade. For simplicity, all extant taxa were assumed

to occur in only one biome. A red bar on a branch represents an inferred biome shift has occurred along that particular branch. As

demonstrated, the predicted pattern of assemblages under PNC is characterized by lower phylogenetic diversity within each biome and

rare shifts between biomes. Conversely, overdispersed lineages would be predicted to maintain high phylogenetic diversity through

frequent biome shifts. As shown in Figure 3 of Cardillo et al. (2017), the genus Hakea predominately displays the predicted patterns of

the overdispersal hypothesis. Generated using the R package “ggtree” (Yu et al. 2016).
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