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How to transfer knowledge across spatiotemporal scales and orga-
nization levels is a relevant task to gain a better understanding of 
those processes that dominate large-scale dynamics, and a challenge 
for model-based approaches that complement observational or ex-
perimental studies (Cipriotti et al., 2016). With the recent comput-
ing capacity revolution and the use of large databases, numerous 
new model techniques and complex algorithms have been proposed 
and used in ecological and evolutionary biology research (Guo 
et al., 2015). Of these, models and statistical approaches that con-
sider next-generation sequencing data are particularly relevant, as 

their extraordinary resolution removes some previous data-related 
constraints and opens up new opportunities for considering very 
specific processes (e.g. species-specific traits). These developments 
especially benefit integrative disciplines like biogeography or phy-
logeography, which can combine a wide range of tools, such as spa-
tially explicit multitaxa coalescent models, genomic data to address 
selection, or ecological niche modelling to evaluate current and past 
habitat suitability and range dynamics (Hickerson et al., 2010).

In fact, phylogeography is rapidly becoming one of the most in-
tegrative fields in all ecology and evolutionary biology (Hickerson 
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It is well established that biotic–interspecific interactions, such as competition, 
mutualism, parasitism or predation, modulate species dynamics in demographic and 
evolutionary terms. It is also acknowledged that biotic interactions can even have major 
effects on local population dynamics and scale-up to determine wider species’ ranges 
(Wisz et al., 2013). Notwithstanding, the study of biotic interactions has been mostly 
ignored in biogeography and phylogeography research, for which it has been long 
assumed that abiotic factors (e.g. climate) mostly drive the ecological and evolutionary 
processes that underlie species’ distribution. Consequently, our knowledge is scarce 
about the role of biotic interactions in determining spatial patterns of genetic diversity 
and structure. In a From the Cover article in this issue of Molecular Ecology, Ortego & 
Knowles (2020) address the study of positive and negative plant–plant interactions and 
test whether their demographic consequences translate into broadscale patterns of 
genomic variation in two oak species from the iconic California Floristic Province. The 
integrative approach undertaken in this study reveals that some models that 
incorporate competition or facilitation better explain genomic patterns than null models 
in which species respond only to variations in environmental suitability. These findings 
highlight the relevance of biologically informed model-based approaches for inferring 
the evolutionary consequences of species’ range dynamics, which is of particular 
importance in today's global change context.
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et al., 2010; Papadopoulou & Knowles, 2016). Recent conceptual 
phylogeographic research frameworks advocate for a paradigm shift 
by implementing biologically informed model-based approaches 
to address refined hypotheses about the ecological and evolution-
ary processes that shape large-scale patterns of genetic variation 
(Papadopoulou & Knowles, 2016). Ortego and Knowles (2020) take 
steps in this direction for two Californian Quercus species (Quercus 

berberidifolia and Q. chrysolepis, hereafter “focal taxa”; Figure 1) by 
considering their interactions with another 17 oak species present at 
the community. These authors introduce interspecific competition 
and facilitation into a model-based framework and evaluate the fit of 
patterns of genomic data to species-specific predictions according 
to several biologically informed hypotheses. In their procedure, the 
authors construct nine alternative scenarios of oak–oak interactions 

F I G U R E  1   Oak species from the iconic 
California Floristic Province for which 
Ortego and Knowles (2020) addressed the 
effects of positive and negative plant-
plant interactions on broad-scale patterns 
of genomic variation (named through the 
text as ‘focal taxa’). Images provided by 
Joaquín Ortego 

F I G U R E  2   Workflow summarising the integrative distributional, demographic and coalescent framework (iDDC; He et al., 2013) that 
allows the determination of the relative statistical support of alternative hypotheses/scenarios. (1) Estimation of habitat suitability scores 
from distribution data and environmental information (e.g. by environmental niche modelling; ENM); (2) Generation of demographic models 
(i.e. layers of carrying capacities) informed by species-specific habitat suitability scores (null scenario) and also considering the impacts of 
interspecific interactions (alternative scenario), that represent the hypotheses to be tested; (3) Spatially explicit coalescent simulations to 
generate expected patterns of genetic variation under the null and alternative scenarios, as implemented in SPLATCHE2 (Ray et al., 2010); 
(4) Sampling of simulated genomic data according to empirical sampling conditions and calculation of summary statistics; (5) Model 
selection and validation by comparing empirical and simulated genomic data within an approximate Bayesian computation (ABC) framework 
(Beaumont et al., 2002)
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in which positive, negative, and neutral interactions limit or enhance 
the potential distributions and carrying capacities of the focal taxa. 
The integrative distributional, demographic and coalescent (iDDC) 
modelling approach (He et al., 2013; Figure 2) undertaken in this 
study considers: (a) translating current and last glacial maximum 
(LGM) habitat suitability scores from environmental niche modelling 
(ENM) to layers of carrying capacities; (b) constructing alternative 
scenarios (LGM to present) in which the local carrying capacities 
of the focal taxa remained unaltered, increased or decreased de-
pending on the presence of other oak species and their relatedness; 
(c) spatially explicit coalescent simulations under each scenario to 
generate expected patterns of genetic variation, as implemented in 
Splatche2 (Ray et al., 2010); and (d) comparing empirical and sim-
ulated genomic data within an approximate Bayesian computation 
(ABC) framework (Beaumont et al., 2002). This workflow (Figure 2) 
provides direct links between processes and patterns by allowing 
the determination of the relative statistical support of each hypoth-
esis/scenario and the estimation of the posterior distribution of the 
demographic parameters of spatially explicit coalescent simulations.

As shown by Ortego and Knowles (2020), biotic interactions mat-
ter for phylogeography research as they contribute to shape species’ 
distributions and range-wide patterns of genetic variation. For the two 
focal taxa, they evidence that spatial patterns of genomic variation are 
better explained by demographic models that incorporate interspe-
cific interactions than by models that only consider changes in spe-
cies-specific environmental suitability. Indeed, these authors find that 
negative interactions play an especially important role as the best-sup-
ported models for the two focal taxa are dominated by the negative 
effects of codistributed species. The authors point out the following 
as potential drivers: competition for limited resources, alteration of soil 
properties or increased impact of phytophagous insects and infectious 
diseases. Because hybridization is common among oaks (e.g. Ortego 
et al., 2017), they also suggest that interspecific genetic exchange may 
reduce species performance and abundance by reproductive interfer-
ence (i.e. when reproduction reduces the fitness of one species or both; 
Burdfield-Steel & Shuker, 2011), or by demographic or genetic swamp-
ing (i.e. local genotypes are replaced by hybrids or population growth 
rates lower because of outbreeding depression; Todesco et al., 2016). 
The consideration of natural histories of the focal taxa and incorporat-
ing more mechanistic models would confer a potential way to identify 
the specific causal processes involved and the long-term consequences 
of gene flow across taxa.

To briefly summarize, both the approach and results presented 
by Ortego and Knowles (2020) perfectly fit and feed the conceptual 
and methodological shift advocated for phylogeography, in which 
the important role of different biological aspects (e.g. species-spe-
cific traits, interspecific interactions, etc.) in shaping patterns of ge-
netic variation may be revealed (Papadopoulou & Knowles, 2016). 
Further research in this direction will provide important insights into 
forecasting species’ dynamics in the face of global change, such us 
the identification of key species-specific traits for maintaining the 
evolutionary potential or assessing differences in species vulnerabil-
ity depending on spatial patterns of biodiversity.
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