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https://planktonandpeople.org/ 

Summary Plankton form the foundation of marine food webs, supporting seafood industries 

and supplying essential nutrients for humans. Our group has found that climate warming 

across the NE Atlantic and NW European shelf is eroding the food web connections from 

plankton to fish. This stems from two main effects. First, warming appears to be reducing the 

supply of nutrients to the primary producers (plankton) at the base of the food web. Second, 

food webs are becoming less efficient. If the food web up to fish can be imagined as a 

hosepipe, the tap on our hosepipe is being turned down and it is becoming leakier at the 

same time. Based on what we have seen over the last 60 years of climate change, this 

double-problem is likely to accelerate in future - our models estimate that even a modest 

(16-26%) decline in phytoplankton biomass across the NE Atlantic this century will magnify 

into a 38-55% decline in harvestable fish. Precautionary fisheries management needs to 

factor in climatic warming and how it erodes the ability of plankton to support fish stocks. 
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• Plankton form the foundation of commercially-valuable food chains to fish

• Warming, stratification and reduced nutrient supply has already reduced plankton stocks

• Reduced phytoplankton also means less efficient food chains

• Even a modest (16-26%) continued decline in phytoplankton will magnify into a 38-55% 

decline in harvestable fish across the north Atlantic

• Hotspots of this future decline in fish are in present-day fishing grounds

• This risk-mapping approach provides a forward look for spatial protection and management
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Work by the Pelagic Habitats Expert Group (PHEG) and others has taken both a taxonomic approach (Box 

1) and a size-based approach (Box 2), where taxonomic identity is disregarded. The taxonomic approach 

shows declines in the traditional “textbook” food webs to pelagic fish, particularly to the west of the UK.  

The approach based on size structure is complementary to the taxonomic approach. Here, the rates of 

decline in abundance or total biomass from small to large species provide a simple, measurable index 

for the efficiency of energy transfer through marine ecosystems. There are no suitable long time-series 

of these size spectra (from tiny picoplankton up to fish), so instead we examined a suite of ecosystems 

that varied in their nutrient status to understand what drives the size spectrum slopes. We found that the 

structure of the base of the food web (i.e. Chlorophyll-a concentration, driven by nutrient status) was the 

overriding driver of this inefficiency. By calculating the efficiency of energy transfer based on 

phytoplankton concentration, we can gauge the supportable biomass of fish, based on projected end-of-

century changes in phytoplankton from earth system models. (Box 3). Based on these models we project 

a 38-55% decline in biomass of fish across the North Atlantic and NW European shelf (30o-60oN, 70oW-

10oE). The strength of these declines is sensitive to the extent of the projected declines in phytoplankton, 

and this varies greatly between models. Crucially, the biggest projected declines are where present-day 

fishing is most concentrated. 

 

Abundance

Body size

Body size dictates the pace of processes ranging in scale from cell to ecosystem. The decline in total 

abundance or biomass among increasingly larger pelagic organisms is known as size spectra. The slope of 

this decline neatly measures the efficiency with which microscopic algae at the base of the food web are 

transferred to big predators such as tuna. We compiled the slope of this decline in 40 ecosystems around 

the globe and found that the slope was not related to temperature as many have suggested. Instead, it was 

related – and strongly – to the nutrient status of the system, proxied by phytoplankton concentration. As 

phytoplankton declines (as it has in the NE Atlantic), less fish can be supported per unit of phytoplankton

Steeper decline in abundance with size

Less efficient energy transfer

Fewer fish per unit of phytoplankton

Box 2.  The decline in plankton also means less efficient energy flow to fish

Euphausiid (krill) declineLarge copepods    Small copepods  

Dinoflagellates    

Box 1. Decline in food chain supporting fish Long-term (30 plus year) data from both fixed-point monitoring 

stations and from the Continuous Plankton Recorder (CPR) 

survey are revealing a major decline in key plankton taxa that 

are traditionally considered to support productive fisheries. 

Declining plankton include diatoms, dinoflagellates, copepods 

and euphausiids (krill). Declines are strongest west of the UK 

and may coincide with increasing oceanic nutrient stress, 

enhancing the summer dominance of tiny, nutritionally poor 

picoplankton.
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FAQs 

• “Isn’t temperature also directly affecting zooplankton and fish, for example shifting their range, seasonal 

timing (phenology) and adult body size?” Yes, and studies show that warming reduces body size, affects 

phenology and shifts species ranges poleward. But this doesn’t fully explain what we are seeing. The 

changes are too large scale and big to be explained just by shifts in range, body size, or phenology.  

• “I thought excess nutrients from eutrophication were bad – but here too few nutrients seems bad?” It is a 

matter of scale. Large inputs from land can lead to inshore nutrient imbalances, or eutrophication. Nutrient 

starvation, as we have described here, occurs across broad expanses of ocean, far removed from coastal 

influences. Nutrient starvation in this case is caused by warming which promotes stratification of the water 

column, cutting nutrient re-supply from below.  

• These suggested declines in fish biomass are from very indirect sources like size structure data – why 

can’t we simply measure changes in fish? There are no time-series of all fish species over such large 

scales, and for exploited fish we cannot easily separate effects of fishing and climate change. Size-based 

approaches give a fresh angle: by applying ecological principles we can estimate the carrying capacity of 

fish based on the quantity of plankton available to support them. 

• Surely isn’t the future carrying capacity of fish (and turnover of fish which is more important for fisheries 

management) better projected from various food web models? Admittedly, size spectra tell us nothing 

about fish turnover, but their biomass is a major part of production and size-based approaches offers an 

empirical alternative to modelling. The fact that the various food web models disagree widely on trends in 

fish shows that we need a fresh and independent approach. 
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In model projections of phytoplankton change from recent 

past to the end of the century, there will be modest decline 

of the bottom of the food chain at lower latitudes. This is 

due to global warming increasing stratification, cutting the 

nutrient supply to sunlit waters. Based on our results from 

a compilation of size structure data from globally 

distributed ecosystems, the supportable biomass of fish 

will decline much more, by 38-55% across the north 

Atlantic. UK and NE Atlantic waters are heavily fished but 

are a hotspot of this projected change.

Cavan and Hill 
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Box 3. Projected declines in phytoplankton are amplified in fish, especially in fishing hotspots

https://doi.org/10.1038/s41467-023-44406-5
https://doi.org/10.1111/gcb.13916
https://doi.org/10.1016/j.scitotenv.2023.165505
https://doi.org/10.1038/s42003-021-02159-1
https://doi.org/10.1111/gcb.15161

