
“Professor Susan Williams from BML was 
instrumental in providing congressional 
testimony about the biological significance of 
the Point Arena upwelling center and 
associated marine productivity downstream –
facts that were crucial to justify extending the 
northern boundary of the GFNMS.”

(NOAA Office of Response and Restoration)

Dedicated to the Memory of Dr. Susan Williams
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Bull Kelp (Nereocystis luetkeana)

A critical 
foundation 
species for 
kelp forest 
ecosystems on 
the north 
coast



Bull kelp provides food and 
habitat for fish and 
shellfish

Grows to the surface of 
the water during Summer

Aerial surveys can be used 
to track natural 
fluctuations of kelp growth 
over time



Annual Life-History of Bull Kelp

GAMETOPHYTES

SMALL 
SPOROPHYTES

1-year life span



Other shorter kelp species are also 
important and may have thick 
woody stalks



Pink crustose algae are very hard and not good to 
eat, but very important habitat for young shellfish



Pink crustose algae are very hard and not good to 
eat, but very important habitat for young shellfish

Red Abalone



Flat Abalone



Pinto Abalone



Red Abalone

Flat Abalone Pinto Abalone

A. Maguire



Red Urchins
Purple Urchins



Sunflower Star –
Important urchin 
predator 



Giant-Spined Star



Ochre Seastars



K. Joe

Leather Star



Six-Armed 
Star



Sea Otter in Bodega 
Bay (May 10, 2017)

J. Sones



Climate Change Expectations
• Increased:

• Global surface temperature
• Sea level
• Ocean acidification and hypoxia

• Increased Frequency and Intensity of:
• Extreme Events

• Heat waves
• Precipitation
• Harmful Algal Blooms
• Hurricanes

• Diseases
• Reduced:

• Extreme cold temperature events
• Sea ice and permafrost
• Ocean fisheries

IPCC AR5 Synthesis Report 2014



Recent Marine Heat Waves

Frölicher & Laufkötter 2018



“Perfect Storm” Decimates 
Northern California Kelp Forests

Northern California
Beyond Tipping Point

Dramatic Changes in Kelp 
Forest Ecosystems

https://cdfwmarine.wordpress.com/2016/03/30/perfect-storm-decimates-kelp/

Total bull kelp habitat area ~15 km2

Key range ~250 km coast 

Presenter
Presentation Notes
We want to take what we learn about juvenile recruitment in abundant populations and apply this to aid restoration and recovery actions for depleted populations in the south. The plan will also apply to any southern California abalone fisheries that reopen following recovery with adjustments to accommodate the different species (as described in Section 7.2.2).



Recent Severe Kelp Loss in 
Northern California 

A. Weltz (CDFW)L. Rogers-Bennett (CDFW) 



Aerial Kelp 
Surveys  
(CDFW)

93% kelp loss 
in 2014

Additional 33% 
loss in 2015

Limited kelp 
growth in 2016 

and 2017



Van Damme – August 2017

M. Engelbrecht



Van Damme – August 2017

M. Engelbrecht



“The Perfect Storm”

https://cdfwmarine.wordpress.com



Multiple, Large-Scale Impacts
• Harmful Algal Bloom (2011)
• Sea Star Wasting Disease (2013)
• Persistent Warm Water (2014 - )
• Purple Urchin Explosion (2014 - )

2012

K. Joe C. Catton

2016

>60 km

>4,000 km

>600 km

>4,000 km



Harmful Algal Bloom (Red Tide)
Sonoma County 2011

Photo: 
Nate Buck 
Fort Ross 2011

Presenter
Presentation Notes
The first major impact to the region was a harmful algal bloom in 2011 which released a toxin into the waters of Sonoma County, killing large numbers of all kinds of invertebrates in the shallows.  These white circles in the picture are dead abalone meats washed up on shore.  It also killed urchins and seastars in the area.



Sea Star Mass Mortalities
Sonoma County 2011, Both Counties 2013

Photo A. Maguire

Pycnopodia particularly impacted
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Sea Surface Temperature (SST) 
anomalies in California and 
Oregon coast during the “Blob” 
and El Niño events in 2014-2015. 
Source: Modified from Gentemann
et al. 2017.

July 2014

Dec 2015

Persistent 
Warm Ocean 

Temperatures



Bodega Bay Coast: 
Warm Water = Low Nutrients

García-Reyes, Largier, and Sydeman 2014



Unprecedented Large-Scale 
Purple Sea Urchin Explosion in 2015

Photo A. Maguire

Reports of high 
urchin numbers 
from Central 
California to 
Washington State

> 60x historic 
densities in N. 
California



G. Lee

Presenter
Presentation Notes
Thank you very much for this opportunity to speak to you today.  I work with the marine invertebrate management team and I’m stationed in Bodega Bay in Sonoma County.  Our team conducts annual ecosystem surveys of the kelp forests in Sonoma and Mendocino counties primarily to inform the abalone fishery management on the north coast.  We are concerned about the state of the kelp forest on the north coast and the impacts we are seeing to the red abalone and red urchin fisheries.  
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Mendocino County –
Purple Urchin Recruitment in 2014?
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Red Urchin Recruitment

Timber Cove

Presenter
Presentation Notes
Timber Cove shows similar trend of greatly increased density of medium sized red urchins but with higher overall abundance.



Timeline of Stressors
Seastar

Mortalities

Purple Urchins



Urchins overgrazing 
Bull Kelp at the holdfast



Mendocino County
September 2017
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2017 Surveys
• 30-m transects
• 2.4 ha of surveyed area



Starvation Conditions 
in Northern California (2014-2018)

A. Maguire (CDFW)

K. Joe (CDFW)

Presenter
Presentation Notes
For two years now, the abalone and urchins have been experiencing starving conditions.  It is extremely unusual to see large abalone crawling up the short kelp stalks looking for food, but it has been a common occurrence recently.  



Impacts to Fisheries

- Red abalone fishery closure 2018

- Red urchin fishery 
- 80% decline in catch

- Requested federal disaster relief



Economically Important Fisheries 

• Recreational Red Abalone
~$44 million dollars (non-market 
value)

• Commercial Red Sea Urchin 
~$3 million dollars (ex-vessel value)





Body Shrinkage 
Score 3

Body Shrinkage 
Score 2

Body Shrinkage 
Score 1

Body Shrinkage 
Score 0

Red Abalone Health Assessment 
Creel surveys 

Sonoma, Mendocino, and Humboldt
Spring 2016 and 2017

>12,000 abalone inspected

> 25% of abalone shrunken at key 
fishery locations

J. Moore (CDFW)



Shrinkage Scores
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Severe Reductions to 
Reproductive Condition

Lowest ever recorded gonad index in 2016-2017

Normal Gonad Starved Gonad

Presenter
Presentation Notes
Photos are examples of normal and no reproduction (4th bullet )
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S. Kawana
Timber Coe
Oct 2016

S. Hunter
Fort Ross 
Sept 2016

K. Magana
Timber Cove
Oct 2016

Large swells dislodge dying abalone





Fishery Closure in 2018

- Most live abalone are now shallow and 
vulnerable to the fishery.

- Four years of very poor reproduction

- Mass mortalities due to starvation

- 75% decline in population density (1/2 of 
minimum density requirement)



ABALONE REHABILITATION EXPERIMENT

No Kelp Recovery Kelp Recovery

• Abalone health will worsen
• Greater starvation mortality 
• Continued Reproductive failure

• Abalone body condition 
improves within 2 months

• Reproductive recovery                             
>18 months



How Quickly Can the 
Kelp Forest Recover?

C. Catton



Concern for Bull Kelp Recovery

SPORES

GAMETOPHYTES

SMALL 
SPOROPHYTES

1-year life span



Management Challenges

A. Maguire

• Rapid kelp forest recovery 
required for healthy fisheries

• Uncertain future ocean 
conditions

• Limited knowledge of large-
scale bull kelp population 
dynamics 



The Warm Blob in Hibernation?

https://alaskapacificblob.wordpress.com



Leather stars and bat stars are dominating now

Very few observations of 
seastar wasting disease
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- Innovative thinking

- Improved scientific understanding

- Attention to scales (landscape and local)

- Strong collaborative partnerships 

Bull Kelp Recovery Requires: 



Thank you!

K. JoeCynthia.Catton@wildlife.ca.gov
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