Challenges and successes in monitoring the
toxic diatom Pseudo-nitzschia:

Linking research, management, and observation
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The toxic diatom Pseudo-nitzschia

Broadly distributed
* |n all major oceans

* From the equator to the poles
2 um

Currently ~50 described species in genus (many
look identical via light microscopy)

Some species produce neurotoxin domoic acid (DA)...

Domoic acid causes Amnesic Shellfish Poisoning in humans
and Domoic Acid Poisoning in marine birds and mammals
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First ASP event in 1987: >100 humans sick and 3 mortalities
from DA-contaminated mussels
harvested during bloom
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Modified from www.whoi.edu
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Transfer of domoic acid up the food web- bivalves

Scallops:

* DA accumulates and depurates slowly

= primarily in non-edible tissue (Stewart
et al. 1997)

* EU guidelines designed to allow
harvest (separate testing and threshold
of 4.6 ppm for edible tissue)

4

4 DA accumulates and depurates rapidly

' after exposure (72 hours or more)™ good
sentinel species

Regulatory closure limit = 20 ppm
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Transfer of domoic acid up the food welf:l

Filter feeding fish

Amnesic Shellfish Poisoning [ASP)
human syndrome that can result in
nausaa, vomiting, diarrhea, abdominal cramps
and neurological symptoms (headaches,
hallucinations, confusion, short-term memory
loss), respiratory difficulty, seizures, coma,
death [http:/fwoww.nmfs.noaa.gov/pr/pdfs/health/
domoic_acid. pdf)
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Domoic Acid Poisoning in marine birds and mammals - sometimes presents as
“unusual” behavior
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This |s a Califernia sea lkon on Long Beach, Washington, apparently experiencing seirures
from domoic acid poisoning in May 2015,
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West Coast
closures
from early
‘90’s
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Presance of ASP Toxins in Seafood in the U.S

Modified from www.whoi.edu
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Many factors have been shown to affect domoic acid production
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These can also impact growth - so how do you get a toxic bloom??
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Variability in DA production

Species Nutrients Salinity Zooplankton grazing
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(Trainer et al. 2012 Hormful Algoe) unpub. data) 2008 Novo Hedwig.) Tammilehto et al,, 2015)
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15 species have been confirmed in the Gulf of Maine using traditional approaches (electron microscopy and DNA
sequencing); by rapid genetic methods, predict >25 species likely; at least 8 are toxic
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Flrst ASP event in 1987 > 30 years ago; toxin had to
be identified
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* Federal, state, academic, citizen * FDA-approved laboratories that

sampling follow national regulations
* Focuses on screening for known and + Different methods approved for
novel HABs primary HAB toxins that impact the
US =2 rapid vs. regulatory screening
for ASP toxins
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Dnmnlc Acid Closures: After 1987 = Canadian shellfish routinely

- tested by Canadian Food Inspection Agency;
phytoplankton monitoring declined over last
decade
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Closures occur July-October... except during Spring 2002
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Different Pseudo-nitzschia species during toxic events

- P. multiseries before 2000- except BOF

- “P. pseudodelicatissima” in BOF

- P. seriata during 2000-2008- esp. Quebec,
and in Spring 2002 (BOF, PEI, NS)

e
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A History of Domoic Acid in Eastern North America

ASP Closures in eastern Canadian provinces
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® Closures in one province Closures in more than one province
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A History of Domoic Acid in Eastern North America

ASP Closures in eastern Canadian provinces

878889909192 93949596979899000102030405060708 0910 1112 13
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® Closures in one province Closures in more than one province

Domoic acid and closures in eastern US waters

» 1991 Low levels, shellfish, Nantucket Shoals (Nassif and Timperi 1993)
= 1995 Very high levels, scallops, Browns and Georges Banks (Stewart et al. 1997)
» 2003 N/A; Whale mortalities (NOAA NEFSC 2003)
= 2004-2006 Low levels, scallop study, Georges Bank (Day et al. 2008)
» 2005-2006 Low levels, whale feces, krill (Leandro et al. 2010 )
= 2012, 2013 Eastern ME Precautionary DA closures; 2013 first FL closure (Gulf of Mexico)
» 2014 2™ FL Closure
= 2015 Major West Coast bloom (Mot east coastl!)
P. gustralis « 2016 First Gulf of Maine ASP closure = high levels in eastern Maine bivalves
+ 2017 First Rhode Island ASP closure, 2™ Maine ASP closure, 3 FL ASP closure
= 2018 4th FL ASP closure?
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A%PF Work

HARMFUL ALGAL BLOOMS
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An Early Warning Program for Harmful Algal
Blooms in Puget Sound

Samples collected and analyzed by trained volunteers

: 31 sites sampled weekly
Support provided by 5ea Grant, NOAA, and =20 partners

https://www.nwfsc.noaa.gov/publications/documents/
FINAL%2050undToxins%20050317 . pdf
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Routine screening via light microscopy
and toxin testing

* Species ID via EM/sequencing as needed

Domoic Acid Levels - Kalaloch
January 1999 - December 2017
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Routine screening via light microscopy
and toxin testing

* Species ID via EM/sequencing as needed

Domoic Acid Levels - Kalaloch
January 1999 - December 2017

Back to eastern Canada. . Toxic blooms occur sporadically over time in other areas as well

(is this a trend in temperate systems?)
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Estimated 5100 million decrease in value
from Dungeness crab harvest
closures alone

West Coast 2015 Pseudo-nitzschia bloom:
the worst ASP event to date?? e
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Advancing Pseudo-nitzschia monitoring efforts in
the Gulf of Maine

CELLULAR ABUNDANCE BING

# grids o g S0 | el wbus |.| _ TDIi n
' ALTX testing

“Pilot” study initiated in 2013 = integrated simple genetic and DA filtering into DMR Volunteer routine
sampling @ 2 sites in Maine, Bar Harbor Town Pier and Salisbury Cove

Samples collected ~weekly during summer since 2013

NH trained in 2017 and provided event response samples
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Rapid Response sampling for Pseudo-nitzschia spp. 2012-2016
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First observation of toxic species, P. australis, in Gulf of Maine

I. Scanning (and light) electron microscopy

Hubbard et al. in prep



First observation of Pseudo-nitzschia australis in the Gulf of Maine

I. Light and scanning electron microscopy

2 rows of poroids
per striae (and

other
measurements) =

P. australis

14115 15.0 " 500um

Hubbard et al. in prep




First observation of Pseudo-nitzschia australis in the Gulf of Maine

I. Light and scanning electron microscopy

Il. Direct DNA sequencing from single cells or chains

~400 bp of taxonomically
informative rRNA operon

showed 100% identity to
P. australis

Hubbard et al. in prep



First observation of Pseudo-nitzschia australis in the Gulf of Maine
I. Light and scanning electron microscopy
Il. Direct DNA sequencing from single cells or chains

lll. Genetic fingerprinting from DNA extracts

Hubbard et al. in prep



Pseudo-nitzschia species DNA fingerprinting

Hubbard et al. 2008 1. Phycol,
Hubbard et al. 2014, MEPS

I 1l . IV V. VIVILVINL
oo O o [ I N = R = N
L 0 L S0 000 0
g &0 00 O \D 60
M= (W] Lo —
— — e — I e Ea

I. P.sabit

ii. P. pungens

lil. P seriota

IV. P. delicatissima
V. Unkown

VI. Unknown

Vil. P. plurisecta
VIIILP cacianthao

NEW: P. australis J\
H-_.-J"h-r’*-..-—fll—.v\....ﬂ— _-_....__H_._._,,_,.ﬁ_._._,,_m_“__,a.i.,.ﬁu “af l‘.—i._._

Relative fluorescence units




Pseudo-nitzschia species as early warning of toxicity?
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P. australis first detected using fingerprinting in 9/29 samples from Salisbury Cove



ASP closures vary for shellish-and eommercial’'species: Florida 2017

Closures
2013 (ﬂ

2014 “\
2017
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P5P
ASP
NSP
Brown tide
w/ fish kills

Biotoxins sometimes coincident in time and/or space

FWC Red Tide Status Update

Statewide Karenia brevis
concentrations
03/29/2018 - 04/05/2018

Karenia brewis [oells/liter)

i not present/Background (0-1, 0000
1 ey | (=1, 000- 10,0009

{0 e |10, 00:0- 100, 000)

@ edium {100, 000- 1,000,000

W high [>1,000,000)



Phytoplankton monitoring

Biotoxin testing

* Federal, state, academic, citizen
sampling

FDA-approved laboratories that follow
national regulations

Different methods approved for primary
HAB toxins that impact the US =
facilitate rapid screening for ASP toxins
(methods used by DMR, FWC, other

states)

Each state has different concerns, resources, and approaches to ASP management in
response to recent DA events
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