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San	Francisco	
Bay

Cloern	and	Jassby,	2012

• USGS	Water	Quality

• Twice	monthly	
cruises	from	1992	–
present

• >	20,000	unique	
counts	for	
phytoplankton



Four	Toxic	Species	of	Concern	
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Sutula et	al.	2017

Chlorophyll-a	used	as	a	proxy	for	harmful	algae

Inflection	point	of	
increased	risk	>	25	
mg	m-3 of	chl a



Particulate	Toxin	 Dissolved	Toxin

K Borchers / San Jose Mercury News

So,	there	are	harmful	algae,	what	about	toxins?

Microcystin

Domoic	Acid

Paralytic	Shellfish	Toxins

Okadaic	Acid	and	DTX



[ng L-1]

[ng L-1]
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Meanwhile	in	2015	….

And	simultaneously	….



Are	these	toxins	accumulating? • Environmental/placed	
mussel	samples

• June	– Sept	2012,	2014

• April	– September	2015

• Each	mussel	tested	for	
Domoic Acid,	
Microcystin,	PST,	
Okadaic Acid	and	DTX-2
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These	toxins	accumulate	in	the	food	web

>20	
ppm

10-201-10

<	1

>24	
µg/kg

12-242-12

<	2

Domoic	Acid
(100% of	mussels	contaminated)

Microcystins
(88% of	mussels	contaminated)

>80
µg/100g

40-8010-40

<10

Paralytic	Shellfish	Toxins
(59% of	mussels	contaminated)

>160	
ppm

100-15911-99

<	10

Okadaic Acid	and	DTX-2
(94% of	mussels	contaminated)

2012,	2014	RMP	Caged	Mussels
(n=20)



D
om

oi
c 

A
ci

d 
[n

g/
g]

0

20

40

60

80

100

120

P
S

T 
[n

g/
g]

0

5

10

15

20

25

30

P
S

T 
[n

g/
g]

0

5

10

15

20

25

30

P
S

T 
[n

g/
g]

0

5

10

15

20

25

30

D
S

T 
[n

g/
g]

0

100

200

300

400

500

P
S

T 
[n

g/
g]

0

5

10

15

20

25

30

D
S

T 
[n

g/
g]

0

100

200

300

400

500

D
om

oi
c 

A
ci

d 
[n

g/
g]

0

20

40

60

80

100

120

P
S

T 
[n

g/
g]

0

5

10

15

20

25

30

D
om

oi
c 

A
ci

d 
[n

g/
g]

0

20

40

60

80

100

120

M
ic

ro
cy

st
in

s 
[n

g/
g]

0

20

40

60

80

100

120

Point Isabel 

Domoic Acid [ng/g]

0 20 40 60 80

100

120

Domoic Acid [ng/g]

0 20 40 60 80

100

120

M
ic

ro
cy

st
in

s 
[n

g/
g]

0

10

20

30

40

D
S

T 
[n

g/
g]

0

100

200

300

400

500

D
om

oi
c 

A
ci

d 
[n

g/
g]

0

20

40

60

80

100

120

M
ic

ro
cy

st
in

s 
[n

g/
g]

0

10

20

30

40

Point Protrero Romberg-Tiburon Center 

D
S

T 
[n

g/
g]

0

20

40

60

80

Domoic Acid [ng/g]

0 20 40 60 80

100

120

Berkeley Marina 
D

om
oi

c 
A

ci
d 

[n
g/

g]

0

20

40

60

80

100

120

M
ic

ro
cy

st
in

s 
[n

g/
g]

0

100

200

300

400

Alameda Island 

D
S

T 
[n

g/
g]

0

20

40

60

80

★ 
★ 

★ 

★ 

★ 

★ 

★ 

★ 

★ 

★ 

★ 

★ 

★ ★ 

★ ★ 

★ 

★ 

★ 

★ 

★ 

M
ic

ro
cy

st
in

s 
[n

g/
g]

0

100

200

300

400

M
ic

ro
cy

st
in

s 
[n

g/
g]

0

100

200

300

400

★ 

★ 

★ 

Apr May Jun Jul Aug Sep Sep Apr May Jun Jul Aug 

Domoic Acid	=	20,000	ng	g-1DSTs	=	160	ng	g-1

PSTs	=	800	ng	g-1 Microcystins =	10	ng	g-1



These	toxins	accumulate	in	the	food	web
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California	mussel

Marine	birds

Human	consumption

Marine	mammals

Why	should	we	worry?

Pseudo-nitzschia	spp.

Microcystis	spp.

Dinophysis	spp.

Alexandrium spp.



http://www.foragesf.com/blog/wild-kitchen/foraging-mussels

Why	should	we	worry?



Subsistence	Harvesters

Subsistence	
harvesters	are	
more	likely	to	
ingest	higher	
than	average	
amounts	of	
shellfish



• Microcystins and	Domoic Acid	toxins	are	present	nearly	all	the	
time in	the	water	column	For	San	Francisco	Bay

• Microcystins,	Domoic Acid,	PST,	Okadaic Acid	or	DTX-2	were	
present	in	99%	of	the	shellfish	we	tested,	37%	having	all	four	
toxins

• Not	just	San	Francisco	Bay!	Multiple	toxins	also	detected	along	the	
open	coast

Even	low	toxin	in	the	food	web	should	be	cause	for	concern	
and	Microcystin,	Okadaic Acid	and	DTX	are	alarming

Blurred	Lines:	Multiple	
Freshwater	and	Marine	Toxins


