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 Undaria pinnatifida found  in SF Bay summer 2009 

ÅTwo marinas in SF Bay 

ÅA harbor ~ 65 km south 

ÅLarge, reproductive individuals 



Major northern range expansion 

Half Moon Bay May 2009 



Undaria pinnatifida  Asian Kelp 

ÅWakame  

ÅA nuisance pest for 

boaters: attaches to 

boats, docks, ropes, 

chains 

ÅFouler of 

aquaculture species 

and structures 

 

 



Undaria pinnatifida Asian kelp 
 

ÅCompetes with native 
algae in some 
locations 

ÅCan grow to 6 ft in 2 
months 

ÅEach individual can 
release >10 million 
spores 

Å On many ñworst 
invadersò lists 

 



 Undaria ecology 

ÅIntertidal to 25 m 

depth 

ÅHigh tolerance 

for turbid, 

nutrient rich 

water 

ÅBroad 

temperature 

tolerance 



Native range 



Non-native range  
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Undaria life cycle 

Microscopic stage 



Concerns and potential impacts 

ÅFouling pest 

ÅPotential threat to 

native ecosystems 

ÅOnce established 

in SF Bay, 

possibilities for 

further spread are 

enormous 

 

 



Response 
ÅMeeting with relevant agencies, 

marinas: 

ÅDefine actual extent with more detailed 
surveys 

ÅAttempt hand removals of known 
populations 

ÅOutreach to boating community  

ÅNo funding available 

Å(For about 1 year) 

 



Response 
ÅMeeting with relevant agencies, 

marinas: 

ÅDefine actual extent with more detailed 
surveys 

ÅAttempt hand removals of known 
populations 

ÅOutreach to boating community  

ÅNo funding available 

Å(For about 1 year) 

 



Survey methods 

ÅDone by staff 

ÅMostly limited to 

areas accessible by 

walking  

ÅAt each 

marina/location, walk 

entire area, examine 

all visible surfaces 

ÅSome boat assistance 

and snorkeling 

surveys 

ÅOther algae collected 

and identified, 

vouchered 

 

 



Removal methods 

Å~Monthly hand 

removals at  

marinas, mostly 

from dockside 

ÅRecord: location, 

length, stipe width, 

reproductive status 

ÅAttempt to 

survey/remove 

entire marina 

 

 



Removal methods 
ÅScientists and 

managers from 
many state, federal 
and research 
organizations 

ÅMany community 
volunteers from 
Baykeeper, The Bay 
Institute, youth 
groups and others 

ÅAssistance from 
harbor staff, boaters 
and commercial 
divers 



Community outreach methods 
ÅStories in local  and 

national media, 
sailing magazines, 
marina newsletters 

ÅTalks to boater 
groups, harbor staff, 
divers 

Å Individual contacts 
with boaters, 
commercial divers, 
oyster growers 
contacted 

ÅFliers, posters, watch 
cards distributed to 
local marinas, divers, 
environmental 
groups, agencies 



Red = Undaria present       Yellow = area searched, Undaria not found 

Initial survey 2009 

Survey results: not north SF Bay (yet)  



Red = Undaria present       Black = area searched, Undaria not found 

Survey results: limited to SF waterfront   

All survey data 



Survey results: algae species 

Å~46 taxa from 60 sites 

ÅSeveral non-natives already known 

from SF Bay 

ÅNew site records for invaders: 

Grateloupia lanceolota and 

Polysiphonia denudata 

ÅNew invader record for SF Bay: 

Grateloupia turuturu (northern range 

expansion) 



Removals: SF Marina, Hyde Street, South Beach 



Removal results 

Å~Monthly removals at 3 SF Bay marinas 

and Pillar Point Half Moon Bay 

ÅOver 2 yrs ~5,000 individuals/450 kilos 

removed  

ÅSF Marina and South Beach Marina 

longest, most consistent effort 

ÅSF Marina small (350 slips) 

Å South Beach large (700 slips) 
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Undaria Removed from San Francisco Marina 

 SF: trend down from Jan 2010 peak, 0 found April-July 2011 
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 Undaria Removed from South Beach Marina 

SB: No apparent decline (but none  April-July 2011) 
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Length of Undaria in San Francisco Marina 

SF: mean length decreased, t= 2.41, p = 0.03, N = 6   
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Length of Undaria in South Beach Marina 

SB: No change in length 
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Reproductive status of Undaria removed from SF Marina 

reproductive

non-reproductive

developing

SF: # repro down, t=2.65, p=0.023, N = 6  
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Proportional reproductive status of Undaria in 
SF Marina 

SF: percent repro not down 
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Reproductive status of Undaria removed from South 
Beach Marina 

Reproductive

Non-reproductive

Developing

SB: # repros not down 



SB: proportion of repros not down 
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 Proportional reproductive status of Undaria removed 
from South Beach Marina 



Removal (+) vs. non-removal (-) locations: July 2011 



Removal  vs.  

non-removal locations: July 2011 

   

   

   

   

   

   

 



 Outreach effectiveness? 

ÅMany community 

members 

involved 

Å 2 marinas 

ñadoptedò 

ÅMany harbor 

staff, boaters, 

commercial 

divers became 

informed 

ÅHoweveré 



Å Pillar Point ñhotspotò boat moved by 

harbor into ñcleanò area 

 

 

 Outreach effectiveness? 



ÅSF Marina repairs 

necessitated 

moving boaters 

ÅDespite 

discussions about 

outreach before 

this happened, 

>100 long-term SF 

Marina boaters 

dispersed to other 

marinas 

 

 

 

 Outreach effectiveness? 



ÅAmericaôs Cup 

ÅAdvisory 

committee on 

invasive species 

forming 

ÅPlans for dealing 

with construction 

and 

message/requireme

nts for sponsors 

and visiting 

boaters 

 

 

 Outreach effectiveness? 



Undaria pinnatifida: Exposure to Acetic Acid  

Å Undaria collected May 5, 2010 (SF) 

Å Randomly assigned exposures to: 
 Fresh water 
 Acetic acid (0.01, 0.05, 0.1%)- all dilutions 
made in seawater 
       (Note: Vinegar is 4.5-5% acetic acid) 

Å 24 hr after exposure, Undaria placed in 
Fresh Water for 4 h to  
    ŘŜǘŜǊƳƛƴŜ άƭŜŀƪŀƎŜέ ƻŦ ŜƭŜŎǘǊƻƭȅǘŜǎ όŎŜƭƭ 
leakage) 

 

Å Result:  Increase in cell leakage (above 
                  controls): loss of cell membrane 
                  integrity 

Å Main  visible effect was loss of  turgor , and 
    discoloration (loss of pigments)  

 



Appearance of U. pinnatifida post Acetic Acid Exposure 

Controls  
0.1% Acetic Acid 24 h  

+ 24 h in clean seawater  



Effect of  24 h Exposure to Acetic Acid on Electrolyte 

Leakage in U. pinnatifida 

(4 replicates per treatment) 

Baseline 

for 

unexposed  

Undaria 

(controls) 


