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A brief review of physiological models of phytoplankton

Here we briefly review models of phytoplankton physiology to date. A more comprehensive review is
beyond the scope of this article and a stand-alone article would be timely. The earliest (and still often
employed) models of phytoplankton physiology relate growth rates of phytoplankton to the external or
internal concentrations of a single limiting resource (Monod, 1949; Caperon, 1968; Droop, 1968). The
internal-stores approach has been extended to represent multiple elemental pools (Agren, 2004; Flynn,
2008) and include dynamic representations of photo acclimation, temperature dependence to predict
both growth rate and elemental composition (Geider et al., 1998). The interdependence of the
intracellular flow of N and P on the pools of the other element is represented in the “chain model”
(Pahlow and Oschlies, 2009).

In a ground-breaking model (Shuter, 1979) explicitly resolved four functional compartments
(photosynthetic, biosynthetic, structural and storage) and optimized allocation of carbon to maximize
growth rate. The strategy of allocation to functional or macromolecular pools connects elemental
composition and physiological function (Sterner and Elser, 2002). It constrains important trade-offs
and has been employed in a number of models to represent the dependence of phytoplankton growth
and elemental stoichiometry on light, temperature, nutrient availability and nutritional strategy (Flynn,
2001, 2005; Klausmeier et al., 2004; Clark et al., 2013; Toseland et al., 2013; Daines et al., 2014;
Talmy et al., 2014; Ghyoot et al., 2017; Moreno et al., 2018; Nicholson et al., 2018).

Allocation within the protein and resource pool can also provide constraints, for example trade-
offs between resource capture and intracellular assimilation (Smith et al., 2009; Bonachela et al., 2013)
has been applied in ocean models (Smith et al., 2016; Chen and Smith, 2018a, 2018b; Chen et al.,
2019). A minimal model of heterotrophic bacteria based on RNA/protein ratios and gene expressions

(Scott et al., 2010) successfully predicted limits to growth under different resource conditions and



(Burnap, 2015), adapted a protein allocation model of heterotrophic bacteria (Molenaar et al., 2009) to
include phototrophy and reproduced observed protein allocation in Synechocystis (Jahn et al., 2018).
Similarly an optimum resource allocation model with coarse-grained allocation of protein (Faizi et al.,
2018), showed good agreement with another recent proteomic study of Synechocystis (Zavtel et al.,
2019). The model is further developed to simulate the protein allocation, cellular growth and biomass
production in a light limited chemostat (Faizi and Steuer, 2019).

Over the past decades, models of phytoplankton physiology have gradually resolved in greater
detail and realism the internal allocation of resources between and within the macromolecular pools of
the cell. In the past this has typically been achieved in a rather abstract manner, though recent models
connect more closely to measurable pools, including modern proteomics. This is the foundation of the
approach which we adopt here. We note that genome scale modeling approaches (e.g. Flux Balance
Analysis) represent microbial physiology as an outcome of thousands of cellular reactions (Orth et al.,
2010), with the assumption that some aggregate outcome (often growth) is optimized. These can also
be constrained by the notion of allocation (Miiller et al., 2015; Rugen et al., 2015; Reimers et al., 2017)
and are complimentary to the still aggregated allocation models of the type we present, which are more

tractable for many practical applications.
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