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Phytoplankton response to a warming ocean 
The nutritional value of marine algae will decrease in a warmer world 
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Phytoplankton, a diverse group of small photosynthetic algae inhabiting the sunlit region of the ocean’s 
surface, form the base of marine trophic webs1. Whereas phytoplankton have evolved in tandem with 
our climate system for hundreds of millions of years2, cumulative greenhouse gas emissions are causing 
accelerated rates of ocean warming, acidification, and oxygen loss that will be exacerbated by the end of 
the century3. How phytoplankton will respond and adapt to these multi-stressors in the future4, and 
how this will in turn threaten marine trophic webs and the food supply for humans remain important 
questions in oceanography. On page XXX of this issue, Holm et al.5 show how a physiological adaptation 
of phytoplankton to a warming world will lead to a reduction in their nutritional value with negative 
consequences to marine ecosystems.  

Microorganisms have a skillful way of coping with the physiological stress imposed by changing 
environmental conditions. This mechanism, known as lipid remodeling, involves the chemical 
modification of the lipids (fats) responsible for controlling the physical structure, permeability, and 
fluidity of phytoplankton’s cell membranes, and thus the cell’s interaction with the surrounding physical 
and chemical environment6. One such adaptation, homeoviscous adaptation, is the process in which 
organisms can alter the number of double bonds (or unsaturations) in their lipids in response to varying 
temperature to regulate the fluidity and stability of the cell membrane7. For instance, the solid state of 
butter at room temperature, as opposed to vegetable oil, is explained by the larger proportion of 
saturated fats in the former. Thus, when temperature increases, phytoplankton produce more saturated 
fats to maintain the structural integrity of their cell membranes. However, despite being a known 
process, few studies have explored the consistency of this adaptation across multiple and widely 
distributed taxonomic groups8 and using a detailed characterization of the most chemically complex 
lipid classes. A notable challenge to investigate homeoviscous adaptation at a large scale is the intensive 
laboratory procedures and computations to measure the vast and complex diversity of lipids in the 
natural environment. However, recent advances in environmental lipidomics9,10, the study of the entire 
lipid pool of an ecosystem, now allow environmental scientists to overcome some of these challenges.  

Using state-of-the-art analytical and computational techniques that allow for the annotation of 
thousands of molecular structures, Holm et al.5 provide a detailed, global-scale study of lipid remodeling 
in marine phytoplankton across a wide range of oceanographic settings and temperatures. The authors 
not only confirm the relationship between temperature and the degree of unsaturation in fatty acids in 
a global survey, but they also provide a simple yet elegant demonstration of how future scenarios of 
global warming (as predicted by the model inter-comparison project “CMIP6”11) will lead to changes in 
the marine phytoplankton lipidome. In particular, the authors expect a higher proportion of saturated 
fatty acids in a warmer ocean at the expense of their unsaturated counterparts, thus reducing the 
availability of essential unsaturated fatty acids to higher levels of the trophic web. Because animals 
cannot produce their own essential unsaturated fatty acids, they obtain them through their diet. Thus, a 



reduction in the nutritional value of phytoplankton could lead to negative consequences in fish immune 
and reproductive functions12, potentially affecting economically critical fisheries and food supplies for a 
large fraction of the world's population. Additionally, the vast lipidomic dataset made publicly available 
by Holm et al.5 represents a wealth of chemical and biological information for oceanographers to study 
microbial responses through lipid remodeling not only to temperature, but also to multi-environmental 
stressors (e.g., nutrient content, oxygen availability, and pH) in different regions of the world’s ocean.  

The development of sophisticated analytical tools in environmental genomics have added an invaluable 
perspective on biological interactions in the global ocean13, yet a more recent focus has been on the 
exchange of organic molecules between microorganisms that drive ocean chemistry and productivity14. 
The study of Holm et al.5 may mark the beginnings of a new era in lipidomic studies not only in the 
ocean, but also in other kinds of ecosystems, enabling us to probe a major component of microbial 
interactions with the changing environment. The prospects are exciting, particularly if lipidomics is 
paired with other fields of “omics,” such as the ecosystem-level study of the complete set of genetic 
information (metagenomics), actively expressed genes (metatranscriptomics), and metabolic byproducts 
(metabolomics). This meta-omics approach will allow us to refine the connection between lipids and 
specific biological producers and metabolic processes, as well as the environmental drivers promoting 
lipid biosynthesis, which will in turn improve our understanding of their role in cell physiology. 
Furthermore, lipid remodeling in global-scale observational studies could be further validated if the 
techniques used by Holm et al.5 are applied in large-scale, community-level experimental studies such as 
mesocosms15.  

To elevate the field of environmental lipidomics to the next level, chemical and biological 
oceanographers must consolidate analytical and computational procedures, and expand and curate 
shared databases in mass spectrometry10, just as microbiologists have done with genomic techniques in 
recent decades. The work of Holm et al.5 is a big step forward in this direction. Such efforts will facilitate 
the identification, quantification, and spatial and temporal distribution of novel molecules to reveal yet 
unknown biological sources and responses to global-scale environmental perturbations.  
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