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Economic & social value of Washington State shellfish

Washington
Production
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Economic & social value of Washington State shellfish harvesting

Washington
Production

Photos courtesy Bill Dewey (Taylor Shellfish)
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Sentinel Mussel Cage
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Sentinel Mussel
Monitoring Program
(started 1990)

Mission

* Provides an early-warning
system
for PSP/ASP/DSP toxin levels

Scope of Program
« 72 sites

 Extensive coordination between:

DOH stalff, tribes, DFW, DNR,
local health, industry, and
volunteers
- Sampled biweekly (seasonally)

2007
Sentinel Biotoxin

Mussel Sites
of
Washington State

7 Westott Bay
8 Shoal Bay

9 Friday Harbor
10 Crandell Spit

11 Mud Bay/Lopez

12 Cattle Point
13 Barlow Bay
14 Comet Bay
15 Neah Bay

3 Fort FIIgI:r
4Holme Harbor

49 Port Orchard Marina
50 Southworth Femy Dadck
51 Point Vashon
52 Gler- Ayr Canal Resort
53 Tramp Harbor

ndos 54 Des Moines Marina
55 Burley Lagoon

36 Port Gamble

37 Lofall

38 Edmonds Marina
39 Kings

45 Silverdale
46 Seabeck Marina

70T
47 Part Washington Marina 7 7 Bay Center Dock
45 EPA Lab Dock 72 Nahcotta Area




Marine Biotoxins

Paralytic Shellfish Poison (PSP or “Red Tide”)
Amnesic Shellfish Poison (ASP or domoic acid “DA”)
Diarrhetic Shellfish Poison (DSP) since 2012!!

Heterosigma fish kills




Domoic Acid Poisoning

Domoic acid
/ ‘ The toxin
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Pseudo-nitzschia

The diatom that can produce
domoic acid

Poisoning

Food web transfer




Domoic acid closures in Puget Sound

Fish Farms
Threatened Growing Areas

[ Approved
B Prohibited

| | Conditional
Not Advised




‘ 2005 Sequim Bay closure
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namureNnews

Urea pollution turns tides toxic

Kamikaze gulls that inspired Hitchcock's The Birds may have
been doomed by leaky septic tanks.

Urea pollution can trigger
ocean algae to produce a

eadly toxin called domoic
acid, scientists have
discovered.

The research may help
explain several mass
animal deaths, including a
historic bird stranding
event thought to have
inspired Alfred Hitchcock's
horror film The Birds.

UNIVERSAL / THE KOB
Raphael Kudela, an ocean

scientist at the University

of California, Santa Cruz, and his team made the discovery after

studying a form of sea algae called Pseudo-nitzschia australis.
Although the algae's blooms are normally benign, they have long been

known to sometimes begin making domoic acid.




Pseudo-nitzschia australis Domoic Acid
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error bars are +/- 1 std. dev. [

Higher concentrations of cellular DA in urea-grown cells
however, these cultures grew slower
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Cochlan et al., 2006; 2008
Howard et al. 2007
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Paralytic Shellfish Toxins (PSTs)

All sentinel sites
_

—
1%

WARNING .
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SHELLFISH Tom

Suite of neurotoxins (saxitoxin most potent)

>80 nug STXeq 100 g shellfish meat
considered unsafe for human consumption £ E==
— Closures typically occur from July to N::
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November annually Month

No. closure days per month
(9, ]

Accumulate in filter-feeding shellfish during

blooms, or “red tides”

— Favored by water temperatures >13° C in
Puget Sound (Nishitani and Chew 1984)




Southward creep of closures due to PSP toxins
1960s

1950s
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Paralytic Shellfish Toxins (PST) in Puget Sound, Washington
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[for all counties bordering Puget Sound over the last 40 years]

Redrawn from: Trainer et al. (2003) J. Shellfish Res. 22: 213-223



FIRST CONFIRMED CASES OF DSP IN

UNITED STATES

e Family at Sequim Bay State Park —
June 29t 2011

e Shellfish harvest closures
implemented in early August

e Led torecalls of clams and oysters
and subsistence harvest closure

e 60 illnesses in British Columbia

DSP is primarily observed as a mild gastrointestinal
disorder.

Nausea, vomiting, diarrhea, and abdominal pain
accompanied by chills, headache, and fever.

Onset of the disease may be as little as 30 minutes
and up to 2 to 3 hours after ingestion.

Symptoms may last 2 to 3 days and recovery is
usually complete with no after effects.

Photo courtesy of KUOW, Seattle
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Dinophysis has been present in
Puget Sound for decades. Why is
DSP a problem now?

“DSP is not currently known from the west coast but the
causative organisms are common”

Horner et al. 1997. Limnol. Oceanogr.



DSP Toxins

* Produced by the
dinoflagellates Dinophysis

 Shellfish are the vector to
humans

 Lipophilic, cyclic polyether,
high molecular weight
toxins.

* Include okadaic acid (OA),
dinophysistoxins (DTXs),
pectenotoxin (PTX)

« DSP toxins have been
reported to be tumor
promoting agents.

Photos: Pedro Costa, Brian Bill and Carla Stehr
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Dinophysis acuminata
dominant

DTX-1 major toxin
Isomer

Above average Fraser
River flow

— La Nifla conditions
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toxins
Washington State

Trainer et al. 2013. Mar. Drugs
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ik e Puget Sound is Vulnerable
7 ©® to Fish-killing HABs
490 N Cana f
SISY-NMMl More than 100 salmon hatcheries are
Heco = N currently operating in Puget Sound.
1 'Shannon Pt |
BEN %, Sl Most were built to produce fish for
- K harvest in response to declines in
traitofJUandeFUc A SRagtR naturally-spawning salmon

Port Angeles % A
48.0 N- ; o 2
Known H. akashiwo fish kills since 1989 ‘%,
Area 1: 9/89, 7/06, 5/07

e populations.

- Aquaculture is the cornerstone of an
e % $854 million annual recreational

Area 3: 9/94, 8/09 *
Area 4: 7/97, 7/06
Area 5: 1976

fishing economy in Washington State
(ranked eighth in the United States).

< Fish farms and smolt facilities
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USA 1990 — 650,000 deaths

Vancouver — ol
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Area 2: 7/90, 7/97, 8/06, 8/07
Area 3: 9/94, 8/09

Area 4: 7/97, 7/06

Area 5: 1976

2007 - 4,000 deaths @D
2009 - 60,000 deaths @

= Fish farms and smolt facilities
475 N % SoundToxins sites

¥ Canadian HAMP site

Combined losses of > 1.9 million
farmed fish since 19809.
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N Concentration (ug-at N/L)

Ammonium-enriched Incubations (n=3)
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Heterosigma akashiwo

~%-NO3 Ammonium preferred over nitrate:
—NH4 NH,* is depleted to ~ 5 ug-at N/L before
—Chi s NO, is utilized by H. akashiwo
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Public Health Lab Workload for
Marine Biotoxin Testing

PSP
> 3000 samples/year

ASP/Domoic Acid
> 1200 samples/year

DSP
> 903 samples (2012)



Phytoplankton monitoring as early warning of HABs



Phytoplankton monitoring:

SoundToxins and ORHAB

* Weekly 9
phytoplankton O
monitoring (24 sites) 12 1 109
- Shellfish and water O 13
collection during
blooms.
1 1
5O @ SoundToxins
Olympic Region Partnership
HAB (ORHAB)
é Partnership
& 16 O
1
5 Oe6 9 IZD
® i 2 g
o7 = \ o
E) Partners include WDFW, WDOH, UW, Tribes 230 Oz 2

Partners include N@AA, WA SeaGrant (co-leads), Taylor,
Coast, Penn Cove & Seattle Shellfish, Tribes, UW, WSU,
Evergreen College, volunteers




Current Phytoplankton Monitoring Programs

- ORHAB (Olympic Region Harmful Algal
Bloom Project)

— Partnership formed in 1999
— Coastal area monitoring
— Mature program

» SoundToxins
— Partnership formed in 2007

— Puget Sound monitoring — many unigue
areas




Sequim Bay 2011- Dinophysis spp. counts

and DSP toxin
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Azaspiracids
a newly-described DSP toxin

AZA-2 in Puget Sound

0.4 ug/100g in Sequim Bay
mussels

(16 ng/100g regulatory action
level)

Background on azaspiracids

*In November 1995, 8 people ill in the Netherlands after eating mussels (Mytilus
edulis), Although human symptoms such as nausea, vomiting, severe diarrhoea, and
stomach cramps were similar to DSP, concentrations of major DSP toxins OA and
DTXs were very low.

eSince 1996 several AZP incidents have been identified in Ireland.

eMaximum levels of AZP toxins in bivalve molluscs, echinoderms, tunicates and
marine gastropods (whole body or any part edible separately) shall be 160 ug/kg.

eSize is ¥10 um — passes through typical phytoplankton nets
eNot regulated in USA



MERHAB: Clear and present danger:
monitoring and management of lipophilic
shellfish toxins in Washington State

The objectives of the proposed study are to:

1) Identify and characterize the distribution of phytoplankton species that

produce DSP toxins and azaspiracids accumulating in Washington State
shellfish,

2) Establish and validate a tiered early warning system for DSP and AZP events,
including routine microscopy by SoundToxins/ORHAB partners, and rapid
toxin screening in seawater and shellfish,

3) Assist State managers in establishing globally accepted protocols for
qguantifying lipophilic toxins as part of their biotoxin monitoring program,

4) Inform and educate stakeholders about lipophilic toxin risk and management
with the goal of transitioning the project to State funding at the end of 3
years.



Summary

Nutrient type & source impact HAB severity
New HABs are a problem in our region
Enhanced monitoring is essential

Phytoplankton monitoring provides early
warning
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