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Economic impacts of HABsS In the
U.S. are at least $82 million/year”

Commercial Fisheries Impacts: $38 million/year
Public Health Costs of llinesses: $37 million/year
Recreation and Tourism Impacts: $4 million/year
Coastal Monitoring and Management: $3 million/year

*2005 dollars, Hoagland and Scatasta (2006). Based on subset of outbreaks in 1987-2000.

Source: NOAA CSCOR Economic Impacts Fact Sheet



True iImpacts at county and community level are
much greater...

» $20.4M* loss in tourism-related spending in Grays
Harbor and Pacific counties, WA, for a full-season
closure of recreational razor clam harvest

*2008 dollars; Dyson & Huppert 2010
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[Photo: Larry Workman, Quinault Indian Nation]




Grays Harbor county, WA

WA State | Grays Taholah CDP
Harbor (Quinault
county* Indian Nation)

Unemployment 5.6% 7.9% 13.8%
Individuals below poverty line 13.5% 18.8% 40.8%
Median household income $60,294 $43,379 $28,750

Food stamp/SNAP benefits in last 12 months  14.2% 21.6% 36.8%

Communities rely on natural resources and the environment
e.g. timber, seafood & related industries

Is this community resilient to large ecosystem change?»

...2015 West Coast HAB event




Biggest-ever toxic algal bloom hits West Coast,
shutting down shellfish industries

- T TUESDAY, JUNE 16, 2015

2. The SeattleTime:

WINNER OF 10 PULITZER PRIZES

&00 .4 million e ot

Toxic algae bloom 4
might be lar, gest ever 9

SHELLFISH HARVESTS SHUT DOWN
High temperatures suspected

Ma ssntpouGITON
b "MI D’ itk Tiieg gcience reorer

.mm prraia biologiss set out

Marine BOMGHINS freom Oregon Monday to survey what

areproAKed% gt e

Unlke the ticteria ‘The effects strerch trom Central Coii-
arvirusesthat on - fornia t Beitish Calumbia, and possibly
also condaminate s Far porth s Alask, Dimgermus kevels
shellfish, biotewing  of the natural toxin domesc auid e §

shelifish harvesty in Washington,
Moy on mmmmmmng.mdwng
ey e ucrative Dungeness rab

Washingions southern cosn ddmp

don'tcolor the AUtie same time, fv other [7pas of
water. toninarately seen a combination 5
The thres bietoxins  TUrDINg Up in shellfish in Puger Sound oREGON
bk 2 along the Washinglon cost,said
e L

Micobes and Texins Programs at the

« Putalytic shellfish  Northwest Fisheries Seience Center in

mﬁarﬂnmmmu&zwﬂs
o) highlevels of domaic acid, snd

shellfish poisaring.
Caused by Poeudo-
nitzsehia diatoms,
sympams include
Gnmrin aancas

California's commercial Dungeness crab season  QUESTIONS, ANSWERS ABOUT TOXIC WEST Dungeness Crabbers Hit Hard By Algae BIoom
postponed indefinitely over toxin risk COAST CRABS On Washington Coast

By ASHLEY AHEARN . 18 HOURS AGO
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An Imported Dungeness crab sits on ice for sale at Fisherman's Wharf Thursday, Nov. 5, 2015, In San Francisco. [AP Photo/Eric Crabber Tom Petersen would rather have his crab pots on the floor of the Pacific, but o toxic algae bloom has
Risberg) prompted ff to close the south ngton coast to and crabbing.




| Common coastal HABs in the U.S. |

Alexandrium
spp.

Saxitoxin &
derivatives

Paralytic Shellfish  Numbness & tingling of lips,

Poisoning (PSP) mouth, face, neck; nausea &
vomiting; muscle paralysis in
chest & abdomen; possibly death

p : :
Pseudo-nitzschia spp.

Dinophysis
spp.

Heterosigma
akashiwo

Karenia brevis

Domoic acid

Okadaic acid
& derivatives

ROS +
toxin?

Brevetoxin

Amnesic Shellfish  Nausea, vomiting & diarrhea,; I
Poisoning (ASP) headache, dizziness & confusion; :
permanent short-term memory |
deficits; seizures, cardiac :
arrhythmias, & possibly death :

Diarrhetic Nausea, vomiting, severe
Shellfish Poisoning diarrhea & stomach cramps
(DSP)

Neurotoxic Gastrointestinal and neurologic
Shellfish Poisoning illness; aerosolized toxin can
(NSP) cause respiratory distress and

eye irritation




Large geographical extent: Channel Islands to Aleutian Islands

Long lasting (months)

“Super” Pseudo-nitzschia — large chains, chloroplasts bulging
Impacts on shellfish, planktivorous fish, Dungeness crab closures

Marine mammal mortalities

The blob
off our coast

Scientists say a vast pool of
warm water off our coast is
affecting marine life and
local weather, and is part of
a bigger pattern that
includes California’s drought
and East Coast blizzards.

Source: Department of Atmospheric
Sciences, University of Washington
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Impacts of largest West Coast HAB
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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
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Seizing 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 CA at $84 million




Pseudo-nitzschia and the Olympic Coast

VT Sholifoh Sufty Information

| Start Over |

Last Update: Thu, 29 Oct 2015 03:00:02 PDT 1 i

Health Status Only .

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

- - Richmend™
Legend Links Search/Help

Public Shellfish Beaches
== Open A
m Conditionally Open -
= Closed (click beaches for species)
== Unclassified

Marine Biotoxin Closure Zones
H Closed for all species including clams, geoduck,
scallops, mussels, oysters, snails and other
invertebrates (not crab or shrimp).

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

| | Closed for Butter Clams, Geoduck and Varnish Clams
only

% Closed for Butter and Varnish Clams only

Douglas Co™

x Closed for Varnish Clams only

—— Closed for Butter and Geoduck Clams only

Ceearaas First razor clam harvest

% Closed for Geoducks only -
7% Closed for All Crab Species CIOSU re I n 9 years

:":{S Closed for Other Species Combinations.

Shellfish Harvest Area Classification
Approved

. Conditionally Approved

Unclassified

. Closed Due to Pollution
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Early warning requires improved detection
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Early warning requires improved detection

O

| Real-time detection => early warning => increased resiliency |
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Current monitoring regime

Beach Monitoring by the ORHAB Partnership

1. Collect plankton

""""""""" Offshore bloom initiation site:

Juan de Fuca eddy
AVHRR (18 July 1997)

2. Look for Pn

TIROS ~AVHERR — SS I
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[Trainer et al, 2002]




Environmental Sample Processor (ESP)

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

Extended, high frequency, and
responsive surveys

Near real-time data delivery

Early warning of HABs and
their toxins




telebuoy electro-mechanical cable

N
parallel tube for pump system )}
- Y )

~ telebuoy
1 e w/ cell modem

stopper (20m) —  Inductive coupler (ICC)

Near-real time it T, 0, vlosity
offshore
monitoring data
- early
warning of toxic
HABS!




» Sophisticated, near real-time data
visualization and dissemination
As little as 3 h after sample collection

((( | ))) End-user
. ........................ o 3 notification & data

dissemination

ESP with cell Sore-based
modem server

--------------

&

@ Researchers at
NOAA




Analytical capabilities:
SHA (nucleic acid) and ELISA (toxin)

test spots

P. multiseries/pseudodelicatissima

______________________________________

____________________________

jesssnens jessecnse|

______________________________________

control spots
Direct hybridization;
65,764 cells L1

control spots N

test spots

Competitive immunoassay;
53 ng Lt domoic acid
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Progression of ESP research at NOAA’'s NWFS

e Archive deployment
and technology transfer

. First_ever deployment of an to NOAA FTEs e Took delivery of
ESP in PNW e Shore-based ESPeddie [NOAA

* Shore-based « 100S OTT award!! 1008]

« Took delivery of * Coordinated deployment of 4 « Underwater deployment on a
ESPfriday [NOAA ESPs [NOAA Office of Aquaculture] new mooring design

OHHI] * Expanded detection capability « Expanded detection capability
* Shore-based with near-real time (domoic acid)

data dissemination




ESP deployed on existing moored observatory
INn transport pathway

Summer/fall good weather ~ Summer/fall weak storms

* NEMO

® OOl Endurance

. Juan de Fuca Juan de Fuca
Array moorings Strait W Strait
B NDBC wind buoy \
WA
I Razor clam °
beaches
. Fresher plume l Columbia 1§ l Columbia
water i

Semi-retentive
areas

/
Ban f

[Modified from Hickey et al. 2013]




Next steps: 2016 offshore ESP deployments

 Late spring/early summer

Version: Aug 6th, 2015 deploy

Target: 47°-45.27'N,122°-23.68 W Depth: 105m

deployment =

Telebuoy w/ NWSFC t-mobile modem

Top of float (19 m depth)

30 m Xtreme-Green Falmat cable married to 30 m black
O — l l (1) 6/8" 316 shackle / Tygon w/ 1/2” ID. xx hardfloat (xx Ibs buoyancy each) attached to
] the cable at the following distances from bottom:
85.5m

|] . XEOS Kilo beacon 300234011441710, with Novatech flasher.
o

: X
O h ab d a 3 We e k Syntactic Foam Float w/ESP Friday: 330 kg buoyancy w/out ESP,
3 Y! Y g yancy
~480 kg buoyancy w/ESP.

835m ¥

(1) 5/8" shackle

¢ Fall deployment .
o Sep — Oct (TBD) ot e v———

(1) 5/8" shackle
(1) 4link chain

(1) 1/2" shackle
(1) 5/8 siing link
(1) 172" shackle

(1) 1/2" shackle
(1) 5/8" sling

O nacke @Y (4) Benthos model 2040-17V glass floats (25.4 kg buoy. ea.)
(1) 5/8" shackle mounted in pairs: lower in strongback, upper on 2" long

@@ link chain (1m; 2.76 kg)

Benthos model 865A acoustic release (Depth 89m) w/recovery
55m @) 558" shackle / seriatt: 1244 Enable:  C  Release: D

2)3 ik chain @ RX(kha): 9.5 TX(kh2): 12

drop link chain
(1) 3/4" oval drop link
(1) 5/8" shackles

112" Long link chain (1.5m)

(2) 112" shackles
(1) 5/8" sling

112" Long link chain (1.5m)

1.0m (3) 5/8" shackle 1100 kg anchor (~900 kg in water)
(2) 4 links LL chain /

3 wheel

Start Deploy: Date: Time: Wind Dir / Spd: Lat: Long:
Drop Anchor: Date: Time: Hdg / Spd: Lat: Long:




NVS

DATA EXPLORER

W Asset List

Latitude: 48 6101 | Longitude: -122 4372

Type: Fixed Shore Platform

Region: Puget Sound

“Gibsons; o
Strait of +lsland State(s): YWashington

: y Georgia & L
- _Par_l_isi\.rl_l I_e Bu Provider: NWFESC-MOAL
Emington |

Data Source: NWFSC-NOAA

Asset Class: SIS0 ] Asset ID: NWFSC_ESPSamish )I

|
|

The NWFSC Environmental Sample Processor (ESP) is an advanced
biosensor for micro-organisms, including those respensible for harmful algal
blooms. It remotely and autonomously samples the water, conducts
malecular 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 provide early
warning of harmful algae and pathogens that can affect shellfish growers, fish

Near-real time data handling B - [ orers o waror oot

and visualization for coastal } ; '

managers via the NANOOS
Data Visualization
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CHART THE FUTURE: NOAA'S NEXT GENERATION STRATEGIC PLAN EXECUTIVE SUMMARY wwwerLnosscovnes? RGO

RESILIENT COASTAL COMMUNITIES AND ECONOMIES

Coastal and Great Lakes communities are environmentally and economically sustainable

NOAA'’s Vision of the Future: Resilient
Ecosystems, Communities, and Economies

“To achieve this vision we must understand
current Earth system conditions, project future
changes, and help people make informed
decisions that reduce their vulnerability to
environmental hazards...”



Improved understanding of the roles of
climate, OA, nutrients, and other drivers of
HABsS

Co-located sensors operated by UW and NANOOS

Informed fisheries management decisions

Enhanced decision-making for harvesting
opportunities and closures

Improved communication

Nea_r—_real time data dissemination to coastal
decision-makers

Reduce risk of exposure to toxins

Optimize economic opportunities



ESP data alone does not predict shellfish toxicity
at coastal beaches

...an infegrated forecast system:

Must be combined with Pacific Northwest HAB Bulletin
mOdEIS, beaCh monItOI’Ing Of 3 ©sm..m"m_,,.;,..,. Pacific N‘orlhwe;: :;1prl::“f:alr.i:e|?2zll1?looms Bulletin _M

I_IABS Weathe r data and (]RI[.-\l!S:umpI\ Siles Pseudo-nitzschia Totals Pseudo-nitzschia Species y ) wals e Wenified by Tight
1 ] Tl i f N Large and PA Small, The S0k
— = . — x e & — _.t L threshold k\zl |UI Imlu‘ PN that s bonin besting

more e

ared s e PN plots. (The tigger For
{axin tenting (e small P is 1 million celb/L)

v i — — — p |, Summary - Psendonizsehia (PN) spp. have

- - : - exceeded e action level [or the larger cell type at

several locations along the WA coast. The highest

abundance was found at Long Beach at 829,000

cells/L (81% large, 19% small cell type) on %16,

i PN spp. cell counts are currently over the action

! L | : ' ' 1 level at Twin Harbors (366,000 cellsl) and

Westport marina (71,000 cellsL). PN cell coums

exceeded the action level but have since declined o

sub-action levels ai Copalis Beach (427,000 cellsT.
. " 2

Surface Currents Chlorophyll-a Concentration Comulative Upwelling Index g,ll_:’?I:-,:"I::;’;R;ﬁh}ﬁ?ﬁho&:ﬂ::nﬁ cf,:‘g,:'

20010025 T—— and Hobuck Beach (114.000 cellsT. on &31).

T Results from ELISA for the detection of particulate

(eellular) DA in seawater show maximum values of

189 ng/L (200 ag/l is the alert level) on Y19 at

~ Long Beach. Alexandrium catenella was detected

PSP

Twin Harbors

in shellfish tissue have dropped dramatical
last month at most sites along the WA coast yet
were $3ug/100g i in razor clams from Twin Harbors
on 91, Dimephy pp. have been common at low
levels along the entire outer coast in the last month
with the highest abundance at 7.000 cellsT.
- . (primarily [} acumimate) ot Kalaloch on /9.
Akashiwa sanguinea was observed at low levels in
recent samples. The highest DA in rzor clam was
1 at 1 ppm at Kalaloch Beach south on
o @21, however clams from sowhern beaches were
- not tested.

Bulletin partially supported
by NOAA MERHAB (under
negotiation)

Columbia River Model Oulput

During the past two weeks, winds have been

ween and nwelling
favorable, The cumulative npu.ellmg index shows
less upwelling favorable winds than average this
summer. These wind patterns are associated with
high risk of transport of potentially toxic cells from
the Juan de Fuca eddy region 1o coastal beaches.
Satellite-derived chlorophyll-a from September 19
fat lell} indicates high phyteplankion bicmass
along the northern Washington coast and the outer
edges of the Juan de Fuca eddy region.

Winds - NDBC Buoy 46029

Transition to operations for

Forecast — Winds are forecast to blow from south

ESP and bulletin currentl Rt DS e ot s e g
= - transport of offshore surface waters, and northward
y Mon Tue Wed Thu movement of the Columbia River plume. Risk of
- v e h cells reaching the Washington coast from the Juan
t f d d - < v ¥ {F de Fuca eddy region is high.
not runde - BN B B 2 RS
Tie wer wa v e we W ows 63|54 6352 6347 65|50

http://www.pnwhabs.org/ pnwhabbulletin/




Pacific Northwest HAB forecast is ripe for transition to operations!

Ecoforecasting hotspots

[+ [HABSs, hypexia, pathogens & habitat]

Socio-economic impacts N

known a ) o

Coastal managers . T
demanding early warning . b :
Partnerships exist |

+

e

i
<
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Could improved HAB forecasting increase
resilience?

e Proactive shellfish toxicity
testing to avoid costly recalls

» Recall of razor clams harvested
for sale barely avoided in 2015

e Integrated HAB forecasting to
allow early harvest and selective

closure of beaches
* Minimize economic losses

e Reduce risk for illness
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Spring deployment timeline

DATE

January

February

Week of March 21
Week of March 27
Week of April 4
Week of April 11
Week of April 18
Week of April 25

ACTIVITY

Grow up Pn cultures for standard curves

Establish communications & data handling system
Prepare ESPfriday

Load reagents

Create standard curves

Create standard curves

Create standard curves

Create standard curve

Week of May 2 Build pucks

9-11 May 3-peat test (habda)

12-13 May Load pucks

16 May Can ESP

17 May Post-can QC

23 May Load ship and ESP checkout

25 May Deploy (TGT May 24-26)

Week of July 11 or 18 Retrieve — 6 /2 weeks
Week of July 18 or 25 Post-deployment QC
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