


2

n
atu

re
p

o
rtfo

lio
|

rep
o

rtin
g

su
m

m
ary

M
a

rch
2021

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description

Research sample

Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Blinding

Did the study involve field work? Yes No

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

We conducted a meta-analysis of thermal response data to characterize key phytoplankton functional types (PFTs) and their relative
abilities to cope with ocean warming. This included assessing each PFTs thermal dependency (Q10) and static capacity for thermal
change. The PFTs we evaluated included four principal contributors to marine productivity: diatoms (strains (n)=135), dinoflagellates
(n=46), coccolithophores (n=30), and cyanobacteria (n=32). We then employed sea surface temperature projections from an
ensemble of Earth System Models to assess how PFT growth and geographical range may be altered in a future ocean.

Beginning with a growth rate compilation by Thomas et al. (2012), we added data from nine studies published after 2012 (Anderson
and Rynearson, 2020; Aranguren-Gassis et al., 2019; Baker, 2018; Boyd et al., 2019; Kling et al., 2020; Mackey et al., 2013; Pittera et
al., 2014; Stawiarski et al., 2016; Zhang et al., 2014). This resulted in a compilation of thermal growth rates from four functional
groups, which comprised 243 strains and 3,246 discrete growth rate measurements from a broad range of temperatures and
locations. In total, our dataset contained the following growth rate measurements (N): coccolithophores (N=202), cyanobacteria
(N=502), diatoms (N=1794), and dinoflagellates (N=748).

Analyses for this study were conducted using data from the literature. We used 99th quantile regressions, according to the method
outlined in Bissinger et al. (2008), to determine whether the sample size from each phytoplankton functional type was sufficient;
both in terms of the number and thermal range of thermal growth rate measurements.

This study does not include new experimental findings, as data was compiled from the literature. When growth data was not made
available in spreadsheet form, GraphClick software (version 3.0.3) was employed to digitize rate measurements from published
figures. An ensemble mean of modeled sea surface temperatures from two 20-year time frames (1950-1970; 2080-2100) were
utilized from the Coupled Model Intercomparison Project phase 5 (CMIP5).

Thermal growth rates were compiled from literature published from 1935 to 2020. They include phytoplankton collected globally, but
are restricted to marine or estuarine sources.

We focused our efforts on marine phytoplankton, excluding freshwater species which have evolved under physical dynamics that
strongly differ from those of marine environments. Thermal growth rates followed the selection criteria outlined in Thomas et al.
(2012), with a few modifications. We broadened our criteria to include growth rates measured at greater than 80 µmol photons
m2s-1 when day length equaled 24 hours, allowing for the inclusion of more cyanobacteria. We eliminated studies which exposed
strains to fluctuating nutrient concentrations, as there was concern about the comparability of the resulting reaction norms.
Additionally, the cyanobacteria group was constrained to eliminate diazotrophic species, which are characterized by fundamentally
different physiological processes, which could impact group characterizations. Though diazotrophs are significant ecological
contributors, the data available was deemed insufficient to characterize them independently (see Sampling strategy). Additionally,
dinoflagellate growth rates were verified to be autotrophically obtained (strains grown on medium only).

R code and growth data have been made available so analyses can be reproduced.

Phytoplankton functional groups were assigned according to information from the original studies. Data was not otherwise grouped.

Data for this study was collected from the literature prior to analysis and growth data can be traced back to its original sources.




