
 

Marine CO₂ removal technologies could
depend on the appetite of the ocean's tiniest
animals
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As the world struggles to decarbonize, it's becoming increasingly clear
we'll need to both rapidly reduce emissions and actively remove carbon
dioxide (CO2) from the atmosphere. The latest Intergovernmental Panel
on Climate Change report considered 230 pathways to keep global
warming below 1.5°C. All require CO2 removal.
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https://www.ipcc.ch/report/ar6/wg3/


 

Some of the most promising CO2 removal technologies receiving
government funding in the United States, United Kingdom and Australia
seek to increase the massive carbon storage potential of the ocean. These
include fertilizing tiny plants and tweaking ocean chemistry.

Ocean-based approaches are gaining popularity because they could
potentially store carbon for a tenth of the cost of "direct air capture",
where CO2 is sucked from the air using energy-intensive machinery.

But the marine carbon cycle is much harder to predict. Scientists must
unravel the many complex natural processes that could alter the
efficiency, efficacy and safety of ocean-based CO2 removal before it
can go ahead.

In our new research published in Global Biogeochemical Cycles, we
highlight a surprisingly important mechanism that had previously been
overlooked. If CO2 removal techniques change the appetite of tiny
animals at the base of the food chain, that could dramatically change
how much carbon is actually stored.

Plankton dominate the carbon pump

Tiny marine life forms called plankton play a huge role in ocean carbon
cycling. These microscopic organisms drift on the ocean currents,
moving captured carbon throughout the seas.

Like plants on land, phytoplankton use sunlight and CO2 to grow through
photosynthesis.

Zooplankton, on the other hand, are tiny animals that mostly eat
phytoplankton. They come in many shapes and sizes. If you put them in
a lineup, you might think they came from different planets.
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https://oceanacidification.noaa.gov/fy23-nopp-mcdr-awards/
https://www.gov.uk/government/news/projects-developing-innovative-carbon-removal-tech-benefit-from-over-54-million-government-funding
https://research.csiro.au/carbonlock/research/work-packages/ocean-based-carbon-storage/
https://nap.nationalacademies.org/read/26278/chapter/5
https://nap.nationalacademies.org/read/26278/chapter/9
https://books.rsc.org/books/edited-volume/1995/chapter-abstract/4572125/Feasibility-of-Using-Biologically-based-Processes
https://nap.nationalacademies.org/read/26278/chapter/11
https://www.nytimes.com/2024/03/31/climate/climate-change-carbon-capture-ccs.html
https://phys.org/tags/marine+carbon+cycle/
https://www.nature.com/articles/s41561-022-00927-0
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GB008085
https://oceanservice.noaa.gov/facts/plankton.html
https://phys.org/tags/ocean+currents/
https://phys.org/tags/phytoplankton/
https://www.cmarz.org/species_pages/phyla/phyla.htm
https://www.marinebio.org/creatures/zooplankton/


 

  
 

  

A lineup of zooplankton: tiny marine animals that look like they come from
different planets. Credit: Julian Uribe-Palomino/IMOS-CSIRO

Across all this diversity, zooplankton have very different appetites. The
hungrier they are, they faster they eat.

Uneaten phytoplankton—and zooplankton poo—can sink to great
depths, keeping carbon locked away from the atmosphere for centuries.
Some even sink to the seafloor, eventually transforming into fossil fuels.

This transfer of carbon from the atmosphere to the ocean is known as
the "biological pump." It keeps hundreds of billions of tons of carbon in
the ocean and out of the atmosphere. That translates to about 400ppm
CO2 and 5°C of cooling.
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https://phys.org/tags/zooplankton/
https://www.sciencedirect.com/science/article/pii/S0079661122001379
https://education.nationalgeographic.org/resource/petroleum/6th-grade/
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GB008085
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GB008085
https://how-it-looks.blogspot.com/2011/07/petagrams-of-carbon.html
https://factsonclimate.org/assets/generated/concentration-warming-relationship.pdf


 

Picky eaters

In our new research, we wanted to better understand how zooplankton
appetites influence the biological pump.

First we had to work out how zooplankton appetites differ across the
ocean.

We used a computer model to simulate the seasonal cycle of
phytoplankton population growth. This is based on the balance of
reproduction and death. The model simulates reproduction really well.

Zooplankton appetites largely determine the death rate. But the model's
not so good at simulating death rates, because it doesn't have enough
information about zooplankton appetites.

So we tested dozens of different appetites and then checked our results
against real-world data.
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https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GL107732
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GB008085
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GL107732
https://www.access-nri.org.au/
https://academic.oup.com/plankt/article/35/4/691/1525584
https://www.nature.com/articles/s43247-023-00871-w


 

  

In the ocean carbon cycle, the biological pump begins with the capture of
atmospheric carbon dioxide during photosynthesis by phytoplankton. If the
phytoplankton die, the carbon in their bodies is stored deep in the ocean.
However, zooplankton grazing will release carbon dioxide back into the
atmosphere. Credit: IAEA

To get global observations of phytoplankton seasonal cycles without a
fleet of ships, we used satellite data. This is possible even though
phytoplankton are tiny, because their light-catching pigments are visible
from space.

We ran the model in more than 30,000 locations and found zooplankton
appetites vary enormously. That means all those different types of
zooplankton are not spread evenly across the ocean. They appear to
gather around their favorite types of prey.

In our latest research, we show how this diversity influences the
biological pump.

We compared two models, one with just two types of zooplankton and
another with an unlimited number of zooplankton—each with different
appetites, all individually tuned to their unique environment.

We found including realistic zooplankton diversity reduced the strength
of the biological pump by a billion tons of carbon every year. That's bad
for humanity, because most of the carbon that doesn't go into the ocean
ends up back in the atmosphere.
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https://earthobservatory.nasa.gov/features/Phytoplankton
https://earthobservatory.nasa.gov/features/Phytoplankton
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GB008085


 

Not all of the carbon in the bodies of the phytoplankton would have sunk
deep enough to be locked away from the atmosphere. But even if only a
quarter did, once converted to CO2, that could match annual emissions
from the entire aviation industry.

The ocean as a sponge

Many ocean-based CO2 removal technologies will alter the composition
and abundance of phytoplankton.

Biological ocean-based CO2 removal technologies such as "ocean iron
fertilization" seek to increase phytoplankton growth. It's a bit like
spreading fertilizer in your garden, but on a much bigger scale—with a
fleet of ships seeding iron across the ocean.

The goal is to remove CO2 from the atmosphere and pump it into the
deep ocean. However, because some phytoplankton crave iron more than
others, feeding them iron could change the composition of the
population.

Alternatively, non-biological ocean-based CO2 removal technologies
such as "ocean alkalinity enhancement" shift the chemical balance,
allowing more CO2 to dissolve in the water before it reaches chemical
equilibrium. However, the most accessible sources of alkalinity are
minerals, including nutrients that encourage the growth of certain 
phytoplankton over others.

If these changes to phytoplankton favor different types of zooplankton
with different sized appetites, they are likely to change the strength of
the biological pump. This could compromise—or complement—the
efficiency of ocean-based CO2 removal technologies.
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https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.17124
https://energyeducation.ca/encyclopedia/C_vs_CO2
https://energyeducation.ca/encyclopedia/C_vs_CO2
https://ourworldindata.org/global-aviation-emissions
https://nap.nationalacademies.org/read/26278/chapter/5
https://nap.nationalacademies.org/read/26278/chapter/5
https://www.sciencepolicyjournal.org/uploads/5/4/3/4/5434385/rohr_jspg_v15.pdf
https://www.sciencepolicyjournal.org/uploads/5/4/3/4/5434385/rohr_jspg_v15.pdf
https://nap.nationalacademies.org/read/26278/chapter/9
https://www.frontiersin.org/articles/10.3389/fclim.2019.00007/full


 

Moving forward from a sea of uncertainty

Emerging private-sector CO2 removal companies will require
accreditation from reliable carbon offset registries. This means they
must demonstrate their technology can:

1. Remove carbon for hundreds of years (permanence)
2. Avoid major environmental impacts (safety)
3. Be amenable to accurate monitoring (verification).

Cast against a sea of uncertainty, the time is now for oceanographers to 
establish the necessary standards.

Our research shows CO2 removal technologies that change
phytoplankton communities could also drive changes in carbon storage,
by modifying zooplankton appetites. We need to better understand this
before we can accurately predict how well these technologies will work
and how we must monitor them.

This will require tremendous effort to overcome the challenges of 
observing, modeling and predicting zooplankton dynamics. But the
payoff is huge. A more reliable regulatory framework could pave the
way for a trillion-dollar, morally imperative, emerging CO2 removal
industry.

  More information: S. A. Meyjes et al, Impact of Spatial Variability in
Zooplankton Grazing Rates on Carbon Export Flux, Global
Biogeochemical Cycles (2024). DOI: 10.1029/2023GB008085

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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https://isometric.com/
https://www.researchgate.net/publication/27667811_Ocean_Iron_Fertilization-Moving_Forward_in_a_Sea_of_Uncertainty
https://eos.org/opinions/the-science-we-need-to-assess-marine-carbon-dioxide-removal
https://www.nature.com/articles/s41467-023-36241-5
https://www.nature.com/articles/s43247-023-00871-w
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022GB007367
https://www.mckinsey.com/capabilities/sustainability/our-insights/carbon-removals-how-to-scale-a-new-gigaton-industry
https://dx.doi.org/10.1029/2023GB008085
https://theconversation.com
https://theconversation.com/marine-co-removal-technologies-could-depend-on-the-appetite-of-the-oceans-tiniest-animals-227156
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