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Supporting Online Material

SPEAD 1.0 bulk properties at different mutation rates and bulk properties in a model without trait diversity

In this supplementary material, we show the distributions in time and depth of four non-trait SPEAD model outputs ("bulk
properties"): primary production, chlorophyll concentration, dissolved inorganic nitrogen concentration and particulate organic
nitrogen concentration. In Fig. S1, we compare the bulk properties of three simulations with different values of the mutation5
rates: νx = 0.1, νx = 0.001 and νx = 10−5. The ratio of the two mutation rates, νyνx is always equal to 10◦C2. In Fig. S2, the
bulk properties of models based on SPEAD parameters but without trait diversity are shown. There are two ways of removing a
trait from a trait-based model: giving it a fixed value or assuming that it is always optimal. We added a third simulation, because
models without traits (NPZD) generally handle optimal temperatures and nutrient niches in opposite ways. The temperature
niches of plankton species is neglected, implicitly assuming that they are always adapted to their environment, with an optimal10
temperature equal to the environment temperature (Topt = T ). By contrast, the half-saturation, and then the nutrient niche,
is set to a constant value. To represent the full possibilities of NPZD models, we made three 0-trait simulations: one with
both traits set to constant values, one with a constant half-saturation and an optimal temperature equal to the environment
temperature, and one with both traits equal to their environmental drivers. When constant values are used, we choose the mean
trait values after convergence of the control simulation without trait diffusion: Kn = 0.96 mmolN m−3 and Topt = 23.4◦C.15

The total primary production over a year varies between 130.8 gC m−2 d−1 in the SPEAD simulation with the highest
mutation rates (νx = 0.1 and νy = 1.0 ◦C2) and 147.5 gC m−2 d−1 in the 0-trait simulation where phytoplankton is always
optimally adapted to its environment. The distribution pattern is even less variable as it is largely constrained by the vertical
mixing and the total nitrogen content. The only noticeable difference in pattern is that primary production shifts marginally
towards the surface in summer when total production is low, as more nutrients can get to the surface before being consumed, or20
when adaptation to the high warm nutrient-poor summer surface waters is fast (high mutation rates) or instantaneous (Kn =N
and Topt = T ).
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Figure S1. SPEAD 1.0 bulk properties outputs of three simulations with different mutation rates
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Figure S2. Bulk properties outputs of three simulations without trait diversity
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