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We are interested in understanding the emergence of macro-evolutionary phenomena such as stasis and 

interconnectedness, and how these depend on underlying biotic and abiotic processes. A robust understanding of 

macro-evolutionary features forms the key constitutive parts within the larger objective of obtaining a 

comprehensive macro-evolutionary theory based on first principles. 

To this end, the authors have proposed a general integro-differential equation framework as a micro-scale model, 

from which the structure of macro-evolutionary parameters can be concretely discussed [1,2]. The analysis presented 

in those works is abstract, in the sense that no parameterization of real systems was attempted.   

In this contribution, we will apply the framework of [1,2] in the concrete context of coupled plant dynamics, based 

on models for multiple plants interacting through a common soil moisture [3,4]. We extend these models by allowing 

for the constitutive plants to evolve their traits on a parameter manifold, thus combining the models of [3,4] with 

[1,2]. This leads to systems of equations of the form (1-2) below:  

      (1)  

     (2) 

Here n represents species density, while s is soil moisture. The remaining constitutive functions represent effective 

growth rate r, intergenerational trait variability g, soil moisture uptake e, abiotic water loss L, and stochastic 

infiltration I.  

We will discuss efficient computational approaches to resolving systems on the form (1-2), and furthermore use the 

resulting numerical tools to probe typical parameter regimes associated with semi-arid ecosystems. Our results show 

how processes such as speciation and environmental change (both systematic and stochastic) impact the 

interconnectedness of the system.  
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