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Currents reduced 66-94% (Nickols et al. unpublished, 
Elsmore et al. 2022)

49% reduction from bottom friction, 45% due to kelp 
(Elsmore et al. 2022) 



Where and when can we expect to see 
amelioration of chemical conditions 

associated with kelp forests? 
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Otter Cove 
Wave-exposed – 2019

Hopkins Marine Station 
Wave-exposed – 2013, 2018

McAbee Beach 
Wave-protected – 2019

Hopkins Marine Station 
Wave-protected – 2013, 2018





Low frequency variability inside the kelp forest driven by upwelling
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Low frequency variability inside the kelp forest driven by upwelling
Minimal difference inside and outside of kelp forest
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High frequency variability driven by internal bores



What’s happening in the canopy?



Outside kelpInside kelp

p
H

 

Surface
Subsurface

Wave-exposed

Traiger et al. 2022 Limnology and Oceanography

D
O

 
sa

tu
ra

ti
o

n
 



Outside kelpInside kelp

p
H

 
D

O
 

sa
tu

ra
ti

o
n

 

Surface
Subsurface

Wave-exposed

Traiger et al. 2022 Limnology and Oceanography



Outside kelpInside kelp

p
H

 
D

O
 

sa
tu

ra
ti

o
n

 

Surface
Subsurface

Wave-exposed

Traiger et al. 2022 Limnology and Oceanography



Outside kelpInside kelp Outside kelpInside kelp
p

H
 

D
O

 
sa

tu
ra

ti
o

n
 

Traiger et al. 2022 Limnology and Oceanography

Surface
Subsurface

Surface
Subsurface

Wave-exposed Wave-protected



Outside kelp

Highest pH (and DO) at surface with strong daily signal indicates 
importance of kelp canopy
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Biogeochemical differences between kelp forests
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Biogeochemical differences between kelp forests

Not related to:
• Phytoplankton
• Nutrients
• Kelp density 
• Kelp growth



Kelp forest sites differed in wave conditions

Traiger et al. 2022 Limnology and Oceanography



We did see higher pH and DO in kelp forests,

and higher pH and DO at site with lower wave energy

however….

•differences inside vs outside are small 
•mean DO 8% higher in kelp
•mean pH 0.05 pH units higher in kelp

•differences between sites are also small
•mean DO 6% higher at wave protected



What about understory algal communities?
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Slight difference in magnitude of DO between communities but similar variability
Surface 
Brown Understory
Red Understory

Panos et al. in prep
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McAbee Beach, Monterey Bay



McAbee Beach, Monterey Bay Surface 
Brown Understory
Red Understory

Clear biological signal in DO at the surface
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In a region with high upwelling, the kelp signal is 
confined to the surface

The location of greatest amelioration potential is 
disconnected from location of greatest ocean 

acidification and hypoxia stress
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Hawthorne Cove, Palos Verdes
Surface
Brown Understory
Coralline Understory
Bare Rock

No difference in magnitude or variability of DO between communities
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Surface
Brown Understory
Coralline Understory
Bare Rock

Well mixed water column at Hawthorne enables kelp signal to reach benthic zone
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Hawthorne Cove, Palos Verdes

McAbee Beach, Monterey Bay
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Surface 
Brown Understory
Red Understory

Well mixed water column at Hawthorne enables kelp signal to reach benthic zone
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Where and when can we expect to see 
amelioration of chemical conditions associated 

with kelp forests?

Greatest amelioration potential is at surface

It depends on the site-specific 

physical context



A better option?

Stop emitting carbon
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