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Seagrass

Zostera marina

Estuarine submerged aquatic vegetation (SAV) 

Ruppia maritima
Potamogeton spp.
Stuckenia pectinata

Brackish FreshBrackish –
full seawater Vallisneria americana

Hydrilla verticillata
Ceratophyllem demersum

Myriophyllem spicatum
Elodea canadensis
Najas spp.

(not a comprehensive list)
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Light, temperature, nutrients, and CO2 control SAV carbon 
balance

How do increasing CO2 and temperature affect SAV?



Increased CO2 can increase SAV production 

Zimmerman et al. 2017 MEPS

CO2 added pH 6.5

Ambient CO2 and pH

Higher CO2 → greater 
eelgrass biomass

Mesocosm experiment 
with Zostera marina 
(eelgrass) from 
Chesapeake Bay:

• Adding CO2
increased eelgrass 
biomass production

How do increasing CO2 and temperature affect SAV?

https://www.int-res.com/articles/feature/m566p001.pdf


Increased CO2 can even offset SAV loss due to 
temperature stress 

Zimmerman et al. 2015 L&O

25o ambient CO2 30o ambient CO2 30o elevated CO2

How do increasing CO2 and temperature affect SAV?

Modeling study with Zostera 
marina in Chesapeake Bay:
• Eelgrass abundance 

decreased when 
temperature increased

https://aslopubs.onlinelibrary.wiley.com/doi/full/10.1002/lno.10139


25o ambient CO2 30o ambient CO2 30o elevated CO2

Increased CO2 can even offset SAV loss due to 
temperature stress 

• but stayed the 
same when CO2
also increased

How do increasing CO2 and temperature affect SAV?

Zimmerman et al. 2015 L&O

https://aslopubs.onlinelibrary.wiley.com/doi/full/10.1002/lno.10139


CO2 may not have a positive effect if the plant is 
not CO2-limited

• many SAV 
species can use 
bicarbonate as a 
carbon source

• something else 
could be limiting 
their growth.

How do increasing CO2 and temperature affect SAV?



CO2 doesn’t always have a 
positive effect…

Mesocosm experiment with Halodule
and Ruppia from Gulf of Mexico:

• no “statistically significant” CO2
effect on SAV biomass because 
production was not C-limited

Guerrero-Meseguer et al. 2020 Estuaries & Coasts
Amb. 
CO2

Ruppia maritima

Elev. 
CO2

Amb. 
CO2

Elev. 
CO2

Halodule wrightii

How do increasing CO2 and temperature affect SAV?

https://link.springer.com/article/10.1007/s12237-020-00720-5#:~:text=Seagrasses%20did%20not%20benefit%20from,bed%20composition%20during%20this%20study.
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SAV systems are very productive

Ward et al. 2022

How does SAV affect carbonate chemistry?

https://bg.copernicus.org/articles/19/689/2022/
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-, 
which increases 
pH and CaCO3

2-

saturation

How do increasing CO2 and temperature affect SAV?



SAV draws down 
CO2 and HCO3

-, 
which increases 
pH and CaCO3

2-

saturation

How do increasing CO2 and temperature affect SAV?



Sometimes, CaCO3 can even precipitate on the 
surface of and within SAV leaves 

Carbonate deposits on Thalassia testudinum (Bahamas) and Vallisneria americana (Chesapeake Bay)

How does SAV affect carbonate chemistry?



SAV beds are 
also habitat for 
many calcifying 
organisms

How does SAV affect carbonate chemistry?



SAV can also alter sediment biogeochemistry in 
ways that affect pH and CO2

How does SAV affect carbonate chemistry?



Ongoing study: SAV 
effects on DIC and 
alkalinity fluxes in 
Chesapeake Bay

Can SAV mitigate the negative effects of acidification? 
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Locally increased pH and CaCO3
2- saturation can enhance 

bivalve growth

Can SAV mitigate the negative effects of acidification? 

Ricart et al. 2021 Oecologia

Mesocosm experiment with Zostera marina 
and Crassostrea gigas: 

Seagrass increased pH and oyster shell 
growth.

https://pubmed.ncbi.nlm.nih.gov/34043070/


SAV effect on carbonate chemistry depends on hydrodynamics 
and SAV production rates

Koweek et al. 2018 Ecological Applications

Can SAV mitigate the negative effects of acidification? 

Modeling study 
parameterized for Zostera 
marina in Tomales Bay, 
CA:

Greatest effects on pH 
associated with longer 
water residence time 
within seagrass meadow 
and greater plant 
production rates

https://esajournals.onlinelibrary.wiley.com/doi/10.1002/eap.1771


Sometimes the effect is not strong enough to mitigate 
acidification

Can SAV mitigate the negative effects of acidification? 

Seagrass leaf area index

Lower current velocity

higher current velocity

Koweek et al. 2018 Ecological Applications

Modeling study 
parameterized for Zostera 
marina in Tomales Bay, 
CA:

Small effect on pH due to 
low water residence time 
in seagrass meadow

https://esajournals.onlinelibrary.wiley.com/doi/10.1002/eap.1771


Can SAV mitigate the negative effects of acidification? 

Pacella et al. 2018 PNAS

Increasing CO2 leads to overall 
decrease in pH and increase 
in pH range

SAV effects on pH are becoming more extreme due to decreased 
buffering capacity 

https://www.pnas.org/doi/full/10.1073/pnas.1703445115


Can SAV mitigate the negative effects of acidification? 

SAV effects on pH are becoming more extreme due to decreased 
buffering capacity 

Pacella et al. 2018 PNAS

Modeling study with Zostera 
marina in Puget Sound:

• More exposure to both 
favorable and harmful 
Ωaragonite values for larval 
bivalves in seagrass

• More variable “carbonate 
weather”

https://www.pnas.org/doi/full/10.1073/pnas.1703445115


Evidence for cross-scale effect on hypoxia-induced 
acidification

Can SAV mitigate the negative effects of acidification? 

DIC, TA, and Ca2+ removal in 
upper bay

DIC, TA, and Ca2+ addition in 
mid bay



Evidence for cross-scale effect on hypoxia-induced 
acidification
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Evidence for cross-scale effect on hypoxia-induced 
acidification

Can SAV mitigate the negative effects of acidification? 

Very high pH during 
the summer!

Huge SAV bed, long 
residence time 



Evidence for cross-scale effect on hypoxia-induced 
acidification

Can SAV mitigate the negative effects of acidification? 

Field study in Chesapeake Bay:

• SAV-driven pH increase caused 
CaCO3 precipitation

• Advection and dissolution in 
mid-bay bottom water may have 
offset a portion of respiration-
driven acidification
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How do increasing CO2 and temperature affect 
SAV?

How does SAV affect carbonate chemistry?

Can SAV mitigate the negative effects of 
acidification?

Sometimes SAV 
grows faster, 
sometimes it doesn’t 

Sometimes it 
mitigates 
acidification, 
sometimes it doesn’t

SAV can increase pH 
and CaCO3

saturation but it’s 
complicated



Thank you!


