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CATASTROPHIC LOSS OF BULL KELP FORESTS 
The number of living creatures of all Orders, whose existence intimately depends on 

the kelp, is wonderful... I can only compare these great aquatic forests of the southern 

hemisphere with the terrestrial ones in the intertropical regions. Yet if in any country a 

forest was destroyed, I do not believe nearly so many species of animals would perish 

as would here, from the destruction of the kelp. 

—Charles Darwin, June 1, 1834, Tierra  el Fuego, Chile1 

The kelp forests of Cal i fornia are one of the most diverse and productive ecosystems in the 
state, providing a home to more than 800 species of plants and animals.2 Beginning in 2013, 
a “perfect storm” of kelp stressors led to the loss of more than 93 percent of the bul l  kelp along 
the coast of Northern Cal i fornia.3 The sudden and widespread loss of bul l  kelp forests represents 
an unprecedented catastrophe that has severely affected the environmental, economic, and 
recreational health of the coastal region, part icular ly for Sonoma and Mendocino counties. 

At the request of Senator Robert Hertzberg, chair of the Senate Natural Resources and Water 
Committee, we investigated the loss of kelp forests in Cal i fornia’s coastal waters by interviewing 
experts and reviewing the relevant l i terature on the topic. 

Avai lable evidence suggests the kelp forests could take decades or even centuries to recover 
natural ly.4 However, a growing body of evidence from around the world shows that active 
restorat ion and management efforts can 
help promote the rapid recovery of kelp 
forests. Bui lding on this knowledge, efforts 
are under way to assess the condit ion 
of Northern Cal i fornia’s kelp forests and 
identi fy ways to promote their recovery.5 

BACKGROUND 
Kelp are species of large brown algae—or 
seaweed—that inhabit cold-water coastal 
regions around the world.6 Canopy-forming 
kelp extend from the rocky seaf loor to 



   

  
  

 
 
 
 

 
 

 
 

 
 

 

 
 

 
 
 

 
 

 
 
 

 

 
 

 
 

 
 

  

 

 
 

 
 

 
 

 
 

 
 

  
 

 

 
  

 
 

 
 

 
 

 
 

the ocean surface to create complex, three-
dimensional forest habitats that are home 
to a r ich diversity of plants and animals. 
Kelp forest habitats r ival tropical rainforests 
in their diversity and productiv ity. The coast 
of Cal i fornia is dominated by two species of 
canopy-forming kelp: giant kelp (Macrocystis 
pyri fera )  and bul l  kelp (Nereocystis 
luetkeana ) .7 Giant kelp occurs from Baja 
Cal i fornia north to Point Año near Santa Cruz, 
whereas bul l  kelp occurs from Alaska south 
to Point Conception near Santa Barbara. 
Where ranges of the two species overlap 
along the Central Cal i fornia coast, bul l  kelp 
and giant kelp occur together. 

Kelp is an important resource for the state, 
both on its own and as a habitat for other 
species.8 Over the past 100 years, kelp 
has been harvested for a variety of uses, 
including as a food source for people and 

animals, fert i l izer, a component of gunpowder 
and explosives, and as a source of algin, a 
thickening agent used in a wide variety of 
food and industr ial appl icat ions. Historical ly, 
Cal i fornia’s kelp-harvesting industry has had 
a greater presence in Southern Cal i fornia and 
was valued at $30 mil l ion annual ly in 2001.9 

Cali fornia kelp forests provide a home 
to more than 800 species of plants and 
animals.10 Many of the species that depend 
on kelp have important commercial, 
recreational, and ecological value for the 
state, including sea otters, abalone, spiny 
lobster, sea urchins, and many species 
of f ish. 

CONDITIONS THAT 
NEGATIVELY IMPACT KELP 

The density and abundance of kelp forests 
natural ly f luctuate in response to changing 
condit ions.11 Kelp abundance is sensit ive 
to cl imatic events, water temperatures, 
pol lut ion, disease, and grazing. For example, 
kelp thr ives in nutr ient-r ich cold waters but 
has poor survival in warmer waters. Cal i fornia 
kelp forests typical ly decl ine temporari ly 
during years with warmwater El Niño events. 
Kelp also has been subject to broader-scale 
decl ines over the past several decades, 
l ikely t ied to an overal l  warming trend of 
ocean waters. 

COLLAPSE OF KELP 
FORESTS INTO 
URCHIN BARRENS 

Kelp forests are part icular ly vulnerable to 
overgrazing from herbivorous sea urchins, 
which can tr igger the col lapse of the diverse 
and productive kelp ecosystem into a 
desolate barren of urchins.12 The shift from 
a healthy kelp forest to a low-productiv ity 
urchin barren has been widely reported 
throughout the world, including along the 
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coasts of the United States, Canada, Norway, 
Japan, Chi le, and Austral ia. Cases of kelp 
forest col lapse have been documented 
worldwide many t imes over the last century, 
and archaeological studies have found 
evidence of a kelp-to-urchin barren transit ion 
more than 2,000 years ago off the Aleutian 
archipelago.13 

In many cases, the col lapse of a kelp forest is 
tr iggered by the loss of urchin predators in a 
region, either from disease or overexploitat ion 
by humans. With the predators gone, the sea 
urchins stop passively feeding on dri ft  kelp 
f i l tered from the water column and instead 
form active feeding fronts that swarm across 
the landscape to feed directly on kelp plants. 
Urchin swarms can quickly decimate a kelp 
forest by chewing through the base of the 
plants. With the kelp gone, the hundreds 
of other species that rely on kelp for food 
and habitat also quickly disappear from the 
region, leaving behind bare rocks covered in 
urchins and l i t t le else. 

The result ing urchin barrens are stable 
habitats that can prevent the recovery of 
kelp. With l i t t le food avai lable, starving 
urchins scour the rocks and quickly consume 
any new kelp that attempts to grow in the 
barren. The barrens also provide excel lent 
condit ions for new larval urchins to sett le out 
of the water column, ensuring the density 
of urchins in a barren remains high. Urchin 
barrens have been known to persist for 
decades and even centuries unti l  disease or 
recovered predator populat ions reduce urchin 
numbers enough to al low kelp to recover. 
For example, urchin barrens formed along 
the western coast of Canada in the 1800s 
fol lowing overhunting of sea otters for the 
fur trade. Kelp forests began to recover in 
the late 1900s after the reintroduction of sea 
otters, but in regions where sea otters have 
not repopulated, barrens have persisted for 

200 years.14 

RESTORATION OF 
KELP FORESTS 

Persistent urchin barrens have replaced 
productive kelp forests in regions around 
the world, prompting a growing interest in 
developing restorat ion actions to promote the 
recovery of kelp and its dependent species 
such as abalone. Examples of efforts to 
restore kelp forests include projects by: 

 The Bay Foundation in Palos Verdes15 

 Parks Canada in Gwaii Haanas, Brit ish 
Columbia, Canada16 

 Scientif ic projects in Hokkaido, Japan17 

The projects have found that dramatical ly 
reducing urchin densit ies, either by manual 
removal or by lethal smashing of urchins by 
divers, can promote the recovery of kelp. 
In some cases, kelp quickly began to regrow 
in areas cleared of urchins, al lowing the 
kelp forest to recover within months of the 
restorat ion efforts. The recovery of a kelp 
forest fol lowing reductions in urchin densit ies 
also depends on the growth cycle of the 
part icular species of kelp, the environmental 
condit ions that favor kelp growth, and 
the health of the local urchin predator 
populat ions. 
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RECENT COLLAPSE OF 
NORTH COAST KELP 
FORESTS 

Over the last f ive years, the coast of Northern 
Cal i fornia has experienced a “perfect storm” 
of negative impacts, result ing in the loss of 
more than 93 percent of the bul l  kelp forests. 

SEA STAR DIE-OFF 

In Northern Cal i fornia, sea stars (also cal led 
starf ish) are important urchin predators 
that help maintain healthy kelp forests by 
keeping urchin populat ions low. In 2013–14, 
an epidemic of sea star wasting syndrome 
(SSWS) along the Pacif ic Coast of North 
America resulted in one of the worst known 

marine mass mortal i ty events in the world.18 

The highly contagious disease quickly 
spread through sea star populat ions and 
caused lesions, necrosis, and loss of l imbs 
in infected individuals, leading to rapid 
degradation and death.19 Mi l l ions of sea stars 
along the coast of Cal i fornia melted into pi les 
of sl ime as a result of the outbreak. 

Local ized SSWS outbreaks have occurred 
in the past in Cal i fornia, typical ly during 
warmwater El Niño events.20 From 2014–16, 
ocean temperatures along the Pacif ic Coast 
of North America reached record high values 
due to the combination of a marine heat 
wave (aka the “warm blob”) and a strong 
El Niño event.21 Research on the 2014 
SSWS outbreak found that increased water 
temperatures l ikely contr ibuted to the rapid 
spread and severity of the epidemic among 
sea stars.22 

FORMATION OF 
URCHIN BARRENS 

Fol lowing the crash of the sea star 
populat ions, the purple sea urchin populat ion 
dramatical ly increased along the north coast 
of Cal i fornia. Cal i fornia Department of Fish 
and Wildl i fe (CDFW) researchers found urchin 
densit ies increased to 60 t imes greater than 
normal along hundreds of mi les of coastl ine.23 

The combination of high water temperatures, 
which l imits the growth of kelp, and increased 
urchin populat ions, which increases the 
destructive grazing of kelp, resulted in the 
loss of more than 93 percent of the bul l  kelp 
forests in Northern Cal i fornia. 

Although the SSWS epidemic severely 
impacted sea star populat ions along the 
entire Pacif ic Coast of North America, the 
bul l  kelp forests in Northern Cal i fornia 
appear to have suffered much greater losses 
compared with other regions. Giant kelp 
forests in Southern Cal i fornia and bul l  kelp 
forests north of the state did not experience 
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the same widespread col lapse into urchin 
barrens. Although it is not yet clear why kelp 
forests in some regions along the Pacif ic 
Coast experienced greater losses than other 
regions, the different responses could be due 
in part to the presence of other important 
urchin predators, such as sea otters or spiny 
lobster. Research on the impacts of the 
recent SSWS epidemic in Brit ish Columbia 
found that despite the loss of sea stars, sea 
otters continued to impact urchin densit ies 
and kelp abundance decl ined by only 
30 percent.24 Sea otters have been absent 
in Northern Cal i fornia fol lowing widespread 
decl ines in the 1800s due to overhunting for 
the fur trade. 

CONSEQUENCES OF 
KELP DEFORESTATION 

The col lapse of kelp forests into urchin 
barrens along Cal i fornia’s north coast has 
affected the ecological, recreational, and 
economic health of the region. Abalone 
depend on kelp for food, and the loss of kelp 
forests in Northern Cal i fornia led to a severe 
decl ine in the red abalone populat ions. 
CDFW manages the recreational red abalone 
f ishery under the Abalone Recovery and 
Management Plan.25 The Fish and Game 
Commission regulates the recreational take 
of abalone. In response to wide-sweeping 
decl ines in abalone density, the commission 
adopted regulat ions in December 2017 
to close the recreational abalone f ishery 
for the 2018 season (Section 29.15, T it le 
14, Cal i fornia Code of Regulat ions). Since 
the f ishery’s closure, CDFW has found no 
substantial posit ive changes in abalone 
condit ions. In response, the commission 
proposed extending the recreational abalone 
f ishery’s closure for an addit ional two years, 
unti l  Apri l  1, 2021, to promote recovery of the 
red abalone populat ion.26 Before its closure, 
the recreation abalone f ishery was valued at 
$44 mil l ion annual ly.27 

Despite an overabundance of urchins, the 
loss of kelp forests also has hurt Northern 
Cal i fornia’s commercial urchin f ishery. The 
lack of food for barren urchins, compared 
with those l iv ing in kelp forests, results 
in shrunken, poor-qual i ty gonads, which 
are marketed as uni for sushi.28 Before the 
loss of kelp, the commercial red urchin 
f ishery was valued at $3 mil l ion annual ly.29 

The commercial red urchin f ishery in 
2015 experienced a 66 percent drop in 
value fol lowing the loss of kelp along the 
north coast.30 According to commercial 
urchin divers in the Fort Bragg area, many 
commercial boats have stopped operating 
the f ishery in the region in the past few years, 
and those that continue to operate have 
experienced severe drops in productiv ity. 

KELP RECOVERY EFFORTS 
IN NORTHERN CALIFORNIA 

A coal i t ion of publ ic, nonprof it ,  and 
private stakeholders have convened the 
Kelp Recovery Working Group to assess 
the condit ion of the north coast bul l  kelp 
forests.31 Group members include CDFW, 
the Ocean Protection and Greater Faral lones 
Sanctuary Advisory counci ls, the Nature 
Conservancy, the Cal i fornia Sea Urchin 
Commission, and the Watermen’s Al l iance, 
along with many others.32 The group has 
been working over the past year to develop 
management, restorat ion, and research 
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projects to promote the recovery of the north 
coast bul l  kelp forests and affected f isheries. 
The group wi l l  release its recommendations at 
the Greater Faral lones Sanctuary Committee 
meeting on November 14, 2018, in San 
Francisco.33 The group also plans to release 
a f inal technical report on its f indings in 
February 2019. 

Although other regions have shown success 
in kelp restorat ion by the manual removal or 
smashing of urchins, the specif ic condit ions 
of Cal i fornia’s north coast present many 
unique chal lenges.34 The main chal lenge is 
the vast size of the affected area and the 
relat ively harsher condit ions that l imit when 
and where divers can safely work. Manual 
reduction of urchin densit ies is incredibly 
labor-intensive, and current practices are 
inadequate to address the hundreds of mi les 
of affected coastl ine. Addit ional ly, bul l  kelp 
is an annual plant, so bul l  kelp forests need 
to be reseeded each year from a spore bank. 
With more than 93 percent of the bul l  kelp 
in the region lost and no longer producing 
spores, there is concern that a diminished 
spore bank could impede the recovery 
of kelp forests after urchin removal. The 
working group has been considering ways 
to selectively target and scale up restorat ion 

efforts to best promote 
sustainable recovery of the 
kelp forests. 

Over the past year, working 
group members have init iated 
several pi lot projects to 
assess the feasibi l i ty of 
possible restorat ion efforts. 
To promote recreational 
take of sea urchins to 
assist with the recovery of 
kelp, the Fish and Game 
Commission approved 
emergency regulat ions to 
increase the dai ly bag and 
possession l imit for purple 
sea urchins in Sonoma and 

Mendocino counties.35 Effect ive May 10 
through November 6, 2018, the recreation 
bag l imit increased from 35 sea urchins per 
day to 20 gal lons per day (Section 29.11, 
T it le 14, CCR). The emergency regulat ions 
were deemed necessary to reduce urchin 
populat ions to promote the recovery of kelp 
and red abalone populat ions. 

The Watermen’s Al l iance consort ium of 
Cal i fornia spearf ishing clubs, in partnership 
with CDFW, has organized several urchin 
cleanup events by recreational sports divers 
to assess their potential to contr ibute to kelp 
recovery. A hundred sports divers col lected 
about 7,100 pounds of urchins—56,800 
individuals—during the f irst event over the 
2018 Memorial Day weekend at Ocean Cove 
in Sonoma County.36 A second cleanup 
event took place July 21–22 at Albion Cove 
in Mendocino County,37 fol lowed by another 
cleanup at Ocean Cove on September 
29–30. The Watermen’s Al l iance also has 
raised money to pay commercial divers to 
remove urchins from targeted bays along 
the north coast, including Caspar Bay. 
CDFW staff are monitor ing the effects of 
the higher sea urchin bag l imit, volunteer 
cleanup events, and targeted bay clearing by 
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commercial divers to gauge their potential to 
contr ibute to the bul l  kelp’s recovery. 

POLICY CONSIDERATIONS 
The recent widespread col lapse of bul l  kelp 
forests into unproductive urchin barrens in 
Northern Cal i fornia represents an ecological 
catastrophe that has severely impacted the 
environmental, economic, and recreational 
health of the coastal region. In part icular, the 
loss of 93 percent of the bul l  kelp forests has 
resulted in a large-scale die-off of abalone, 
prompting the closure of the recreational 
abalone f ishery, and widespread starving of 
urchins, result ing in a 66 percent drop in the 
value of the commercial urchin f ishery. 

Given the persistent nature of urchin barrens, 
i t  is unl ikely that kelp forests wi l l  be able to 
natural ly recover in the foreseeable future. 
Promoting the recovery and resi l iency of 

Northern Cal i fornia’s bul l  kelp forests would 
be beneficial to the coastal region. Some 
possible actions to consider include: 

  Promote restoration effor ts to 
reduce urchin densit ies. 
Bull kelp forests wi l l  be unable to recover 
unti l  urchin densit ies are dramatical ly 
reduced. Restorat ion efforts in other regions 
of the world have demonstrated that having 
divers manual ly remove or smash urchins 
can promote the rapid recovery of kelp 
forests. The Kelp Recovery Working Group 
is developing recommended actions for kelp 
recovery efforts specif ic to the Northern 
Cal i fornia region. The recommendations are 
expected to be released in November 2018 
with a f inal technical report in February 2019. 

  Improve resi l iency of the bull 
kelp ecosystem. 
Kelp forests are more resi l ient to destructive 
overgrazing by urchins when mult iple species 
of urchin predators are present in the 
ecosystem. Efforts to promote the recovery 
of sea stars and to reintroduce historic urchin 
predators such as sea otters to the region 
would improve the resi l iency of Northern 
Cal i fornia bul l  kelp forests against col lapse 
into urchin barrens. 

  ake action against cl imate 
change. 
The unprecedented warming of ocean 
water temperatures in Cal i fornia from 
2014–16 contr ibuted to the severity of the 
SSWS epidemic and to the loss of kelp. 
Cal i fornia’s coastal ocean temperatures have 
increased over the past century in response 
to increasing greenhouse gas emissions, 
and cl imate model simulat ions suggest the 
warming trend wi l l  continue. Continued action 
to address the threat of cl imate change and 
reduce greenhouse gas emissions would help 
promote healthy kelp forests. ■ 
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