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Pacific Northwest HABS
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Shellfish
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Numbness & tingling of lips,
mouth, face, neck; nausea &
vomiting; muscle paralysis in
chest & abdomen; possibly
death

Nausea, vomiting & diarrhea;
headache, dizziness &
confusion; permanent short-
term memory deficits;
seizures, cardiac arrhythmias,
& possibly death
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Pseudo-nitzschia and the Olympic Coast

fn““'q’;;"i?ﬁ Shellfish Safety Information
' Legend | i | seachvie |

Last Update: Thu, 29 Oct 2015 03:00:02 PDT

Health Status Only

All areas are closed for the recreational (sport) harvest of scallops due to
biotoxins.

Public Shellfish Beaches

== Qpen

m Conditionally Open

== Closed (click beaches for species)
== Unclassified

Marine Biotoxin Closure Zones

ﬁ Closed for all species including clams, geeduck,
scallops, mussels, oysters, snails and other
invertebrates (not crab or shrimp).

% Open for Razor Clams. Closed for all other species.

[[[[l Closed for Butter Clams, Geoduck and Varnish Clams

¥/, Closed for Butter and varnish Clams only
S\ Closed for Yarnish Clams only

=2 Closed for Butter and Geoduck clams only
E Closed for Butter Clams only

222 Closed for Geoducks only

8] Closed for All Crab Species

5% Closed for Other Species Combinations.

Shelifish Harvest Area Classification
. Approved

. Conditionally Approved
. Unclassified
. Closed Due to Pollution

DFW Seasons & Regulations
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U.S. West Coast Pseudo-nitzschia bloom

- Large geographical extent: Channel Islands to
Aleutian Islands

- Long lasting (months)

- Highest toxin in anchovies ever measured

- “Super” Pseudo-nitzschia — large chains, chloroplasts




Domolc Acid (ppm)

Domoic Acid Levels - Copalis
January 1999 - June 2015

Razor clam harvest closures at
all beaches at the same time

Domaic Acid {ppm)

Domeic Acid Levels - Twin Harbors
January 1999 - June 2015

Domoic Acid (ppm)

Domoic Acid Levels - Long Beach
January 1999 - June 2015

I First closure in 9 years I
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—e— Total Pseudo-nitzschia (cells/L)
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[Slide courtesy of Vera Trainer]



Impacts of largest West Coast HAB

Anchovy and sardine fisheries health
advisory in CA due to high toxins

Closure of razor clam fishery

~$7 million lost in WA State alone Dungeness Crabbers Hit Hard By Algae Bloom
On Washington Coast

By ASHLEY AHEARN . 18 HOURS AGO

Google+

A,

Seizuring sea lion first ever observed on Dungeness crab fisheries closed i

WA coast; Many sea lion, seal mortalities multiple states; WA crab fishery valued
in Monterey Bay at $84 million

[Slide courtesy of Vera Trainer]




» Wildlife Algal-toxin Research and

Response Network for the U.S. West Coast
(WARRN-West)

» Domoic acid detected in marine wildlife from

Northern Alaska to Southern California in summer
of 2015 '

WARREN-West and Biomedical
Diagnostics

Sampling covers the entire T AMOWLS - 3
U.S. West Coast, with over
3,000 samples analyzed for
DA and PSP to date

Hortrwast PEborkS a6 afebvre Proeram Leade
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Blame the “Blob”?
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Lat: 39.6395

Return of the “Blob”?
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Overview

Lat: 425403
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ORHAB Partnership — Beach Monitoring

AVHRR (18 July 1997)
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Vision for future remote detection of

toxic HAB events
------

MMS

Phytoplankton Predicted Data telemetry
Species Wind &
Heat Flux
Domoic
Acid
Concentrations
HABs
Event
Analysis
2R
/ Models
=
Bloom

Vessel

Response: \ Rapid response

-assess bloom

size and
location _
-deploy drifters Gliders
Deployed on

WA and OR Shelves

University Corporation for Atmospheric Research & NOAA's Northwest [Sl Ide cou rtesy Of B H iCkey & V Trai ner]
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Environmental Sample Processor (ESP)

Advanced, automated, quantitative,
In situ, biological sensing system

Near real-time data delivery

Extended, high frequency, and
responsive surveys

Early warning of HABs and their
toxins




Syringe assembly (n=3)

ESP components at a glance

Exhaust valve
#, Clamp and
Intake valve ) heater pad (n 2)
Camera

Carousel (stores pucks)

M o o

Manipulator

Reagents

Base/waste container \ ,

Power (to battery) —

Flush puck
and garage

University Corporation for Atmospheric Research & NOAA's Northwest
Fisheries Science Center




Moored ESP  ESP deployment options
(~20 m)

f N Deep ESP

Dockside ESP

University Corporation for Atmospheric Research & NOAA's Northwest
Fisheries Science Center



Sample puck

Titanium screen

Paolysulfone support

SHT top

Membrane filter

5H1 bottom

Camera

[Figure credit: Spyglass Biosecurity]



Exhaust Intake

How does the ESP work?

)
3. Data Communciation

Sample
Syringe

Collection Puck

Waste
Aar

Collection
Syrimge
Waste
Air
Reagents

1.Sample Collection & Lysis

[modified from Preston et al. 2011]

Frocessing
Syringe

2. Processing & Array Imaging

oD

Camera

eyeq]

Standard HAB array:

P. multiseries/
pseudodelicatissima

P. multiseries
Heterosigma akashiwo

P. australis

Alexandrium spp.

University Corporation for Atmospheric Research & NOAA's Northwest

Fisheries Science Center




Molecular analysis = Sandwich Hybridization Assay
DNA probe arrays detect ribosomal RNA of target sequences

Imaged array

1. Capture probe part of the
printed DNA probe array

ESP collects sample,
creates nucleic acid
extract, target rRNA sticks
to capture probe, rest of
extract washed away

Verification by
matching 96-well plate

3. Signal probe attaches to
Capture probe different part of rRNA —
completing the
“sandwich”

Filter support (i.e., printed probe array)

[Slide modified from MBARI; Scholin et al. 1996, 1999; Goffredi et al. 2005]

University Corporation for Atmospheric Research & NOAA's Northwest

Fisheries Science Center




ESP research at NOAA’s NWFSC

Archive deployment and technology
transfer to NOAA FTEs
e Shore-based

e |JOOSOTT award!!
_

* First ever deployment of an
ESP in PNW
Shore-based

«  Took delivery of » Coordinated deployment of 4 «  Underwater deploymenton a
ESPfriday ESPs [NOAA Office of new mooring design
[NOAA OHHI] Aquaculture] B «  Expanded detection capability
_ » Expanded detection capability (domoic acid)
. Shore-.baseo! wit-h near-real time « Trial sophisticated pipeline for
data dissemination data handling and display

University Corporation for Atmospheric Research & NOAA's Northwest
Fisheries Science Center



DA cELISA: detection of domoic acid on ESP

IDA-protein 106G chemistry.
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Pump surface water to
the ESP at depth

Total Pseudo-nifzschia (cellsiL)
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o

data telemetered to
shore in near real-time

telebuoy electro-mechanical cable
with parallel tube for pump system

S

¥

45" syntactic foam float (15 m) T4
tiism g

CTD (SBE MicroCat)

at 18 m depth
stopper (20 m) —

McLane profiler
with CTD Dq, velocity

University Corporation for Atmospheric Research & NOAA's Northwest
Fisheries Science Center

;5%3\

telebuoy
w/ cell modem

inductive coupler (ICC)

data telemetered / WW

to shore near real-time T ;

anemometer

rain gauge

air temp., relative humidity
pCO9 sensor (atmos)

cell modem, VHF modem

= e o

WQM+ISUS
CTD,Fluorescence,

ckscatter,O2 and n@

SBE 37 MicroCat

SAMI pH
SeaBird 16 CTD

inductive coupler (ICC)
ADCP 300 kHz Workhorse

SBE 39 T-logger (5 total)
"""‘-—BBE 37




Kingston
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e Point

Location of ESP Deployment
NEMO testsite, depth 99 m
47-45.27 N, 122-23.68 W
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toxin detection

August 6-19, 2015



Preparing ESPfriday

NWIC intern Jessica Williams with
NWFSC Nick Adams

Building the mooring

NWIC intern Jessica Williams with
UW/APL Nick Michele-Hart

Canning ESPfriday

UW/APL Keith Magness and John Mickett
assist NWFSC Linda Rhodes to “can”
ESPfriday o |

Fabrication of the

underwater housing

UW/APL John Mickett with I00S
Director Zdenka Willis

Testing the pump
UW/APL Derek Martin tests the “transit
time” of the pump system using
fluorescein dye




Data handling and visualization

........................ DATA EXPLORER

Asset List

X Samish Bay Biosensor, Taylor Shellfish Farms

Latitude: 48.6101 | Longitude: -122 4372 |

A

|r|:a"

hljomby
Island Type: Fixed Shore Platform

Region: Puget Sound

s, W,

Strait of l. %1; State(s): Washington
i =

Georgia
& EH Provider: NWFSC-NOAA |

Data Source: NVWFSC-MOAA )

Asset Class: SIS0 J Asset ID: NWFSC_ESPSamish J

The NMWFSC Environmental Sample Processor (ESP) is an advanced
biosensor for micro-organisms, including those responsible for harmful algal
blooms. It remotely and autonomously samples the water, conducts
molecular analyses for target organisms, and telemeters the results to
scientists at their desks in near real-time approximately once a day. This
state-of-the-art instrument is being tested for its ability to prowide early
wamning of harmful algae and pathogens that can affect shellfish growers, fish
farmers and water enthusiasts.
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Operational ESP deployment site

Summer/fall good weather Summer/fall weak storms Winter/early spring strong storms

* NEMO with
ESP
® OOl Endurance
. Juan de Fuca Juan de Fuca Juan de Fuca
Array moorings Strait Strait Strait

B NDBC wind buoy

WA
I Razor clam

[
beaches
Fresher plume 1 Columbia l Columbia
water plume

Semi-retentive
areas

University Corporation for Atmospheric Research & NOAA's Northwest

Fisheries Science Center



NEMO ideally located to detect toxic Pseudo-
nitzschia escng from eddy

—— Cha Ba 2-day progressive vector |_:|Iu13 Cha Ba 2-day progressive vector plots

“#— July 2005 modeled surface currents =— Sapternber 2003 modeled surface currents

University Corporation for Atmospheric Research & NOAA's Northwest
Fisheries Science Center



ESP and Beach Monitoring inform Modeling and
HAB Forecasts

@_s_;musu:_.w Pacific Northwest Harmful Algal Blooms Bulletin %‘
A @ September 26, 2011 RTNERCHID

(]R[I AB Sample Sites Pseudo-nitzschia Totals Pseudo-nitzschia Species Preudo-niizsch

totals are denh!'ed b i
Large ﬂ"ﬂ

PN
microscopy and gmuped by PN
m—— —— - . e . . . cell/L. threshald level for Targe o uu lnﬂs:n wn testing
= : == = - = is indicated by a red line across the PN plots. (The trigger for
-, | i [ P tonin testing lor sasall PV is 1 million cellsLy
“an da rus

Hobuwck .
Kalaboch Aels  Crrwwewis  wwwewl (R— a L Summary - Pseudo-niizschia (PN) spp. have
- - - - - - exceeded the action level for the larger cell type at
Quinsalt several locations along the WA coast. The highest
. i . abundance was found al Long Beach at 829,000
Copalis = — — - 9 Co— — cellsl. (81% large, 19% small cell type) on 916,
i | i i PN spp. cell counts are currently over the action
Twvin Harbom i o L | 1 | g | 1 level at Twin Harbors (366,000 cells/L) and
! Westport marina (71,000 cellsL). PN cell counts
- - - exceeded the action level but have since declined 1o
sub-action levels at Copalis Beach (427,000 cells/T.
- — — - on 9/14), MocRocks Beach (269,000 cells/T. on
Cumulative Upwelling Index 9/14). Ouinault Beach (391000 cells/L on 9/14),
- ) and Hobuck Beach (114,000 cells/l. on 8/31),
] Results from ELISA for the detection of particulate
. - (cellular) DA in seawater show maximum values of
i 189 ng/L (200 ng/L is the alert level) on 919 at
g . Long Beach. Alexandrium catenella was detected
at Twin Harbors (4000 cells/L) on 919, PSP toxins
in shellfish tissue have dropped dramatically in the
last month at most sites along the WA coast yet
were 55ug/100g in razor clams from Twin Harbors
on 91, Dinephysis spp. have been common at low
levels along the entire outer coast in the last month
\ with the highest abundance at 7,000 ccllsT
- e N A e - (primarily D acuminate) at Kalaloch on %19,
Akashiwa sangurinea was observed at low levels in
recent samples. The highest DA in razor clam was

Currents
201 Iflw‘s

Columbia River Model Output d at 1 ppm at Kalaloch Beach south on
: Sl ~ 9721, however clams from southern beaches were
el =t =@ ot tested.
R
PR e bl During the past two weeks, winds have been
T I ! alml:ng between upwelling and downwelling
. The ¢ lative upwelling index shows

e e less upwelling favorable winds than sverage this
summer. These wind pattemns are associated with
high risk of transport of potentially toxic cells from
the Juan de Fuca eddy region to coastal beaches,
Satellite-derived chlorophyll-g from September 19
(at left) indicates high phytoplankion biomass
along the northern Washington coast and the outer
:dgl.'%nflhc Juan de Fuca eddy region.

aN- F

2 ~ Winds are forecast o blow from south
Weather ECas a to north through the weekend, resulting in onshore

— transport of offshore surface waters, and northward
Mon Tue Wed movement of the Columbia River plume. Risk of

e ? cells reaching the Washington coast from the Juan
a' s de Fuca eddy region is high.
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2014-2016 100S OTT Project
(PIl: John Mickett, Applied Physics Lab)

data telemetered to shore
in_near real-time

ectro-mechanical cable

n N
arallel tube for p@fh (;) 3)1 ))} %

" " telebuoy
45" syntactic foam float (15m) T4 w/ cell modem
— —— (@ —Apce
i ™ buoy controller

CTD (SBE MicroCat)

ESP in gimbaled frame
at 18 m depth

stopper (20m) — |

McLane profiler
with CTD, DO, velocity,

inductive coupler (ICC)

University Corporation for Atmospheric Research & NOAA's Northwest

Fisheries Science Center




UW APL
John Mickett + team
Jan Newton

UW Oceanography
Ryan McCabe
Barbara Hickey

NOAA CCEHBR

Greg Doucette
Tina Mikulski

NOAA NWFSC
Nick Adams
Linda Rhodes
Vera Trainer
Kathi Lefebvre

MBARI
Jim Birch
Roman Marin 111
Brent Roman
Chris Scholin

WHOI

Don Anderson
Bruce Keafer

NWIC
Marco Hatch

ORHAB

Quinault Indian Nation
Quileute Nation
OCNMS

WDOH

WDFW

U.S. I00S

NOAA OHHI

NOAA Office of Aquaculture
NANOOS

Spyglass Technologies
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