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ABSTRACT
Plankton communities (bacterioplankton, phytoplankton) are characterized by (1) large numbers of individuals, with (2) high growth (cell division) and mortality, and (3) rapid transport (hydrodynamic advection/dispersion, gravity settling, limited vertical motility) through a heterogeneous environment. Because of the large number of cells, individual-based models (IBM) have to simulate a smaller number of representative individuals (agents). The obvious and simplest accounting approach is to use a fixed representative number (the number of individuals an agent represents) and consequently a variable number of agents. This method results in a computational resolution (agent density) that is biased towards areas and times of high individual numbers. However, the number of agents required is a function of the population distribution and not the total number of individuals, and the method therefore results in an inefficient utilization of computing resources. In addition, resolving what happens in areas and at times of low biomass is important for many applications. Uptake and transformation of Arsenic by phytoplankton, for example, is most significant in the very early stages of blooms (days before a large increase in biomass is evident). An alternative to this “variable agent number” accounting method is to specify a fixed number of agents and consequently a variable representative number. Several such methods have been developed including “cloning”, “resampling” and “super-individual” approaches (Rose et al., 1993; Scheffer et al., 1995). Because those methods are based on maintaining a fixed number of agents in the whole model domain they are referred to here as “global fixed agent number” methods. This paper presents a method that extends those approaches to the spatial dimension. In other words, the method does not just maintain a fixed number of agents in the model, but also maintains a fixed number of agents in each spatial model segment. This “local fixed agent number” method is based on agent-specific representative numbers and segment-independent periodic resampling. Comparison of the global and local methods using a simplified scenario reveals that the local method performs significantly better at low densities without a significant increase in computational burden (see Figure 1).
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Figure 1. Comparison of global and local fixed agent number accounting methods. Density of individuals in a river (width = 1,000 m, depth = 10 m, vel. = 0.1 m s-1, disp. = 150 m2 s-1) 3 days after a slug release of 6.7(1018 individuals at x = 0 km (dashed line). The global method uses 1-2(104 agents. The local method uses 1-2(102 agents/segment (same number of total agents). The error is calculated by comparison to the analytical solution. Global: Run time = 31 min., RMSE = 0.24, RMSELog = 290. Local: Run time = 43 min., RMSE = 0.42, RMSELog = 0.02. Note the large relative error (panel d) of the global accounting method at the lower densities (e.g. x = 60 km).
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