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At the base of the food web,
phytoplankton provide
energy and oxygen to marine
ecosystems and remove carbon
dioxide from the atmosphere.



» Of the 5,000 documented phytoplankton species, several
hundred are known to be harmful.

 Associated with elevated algal cell densities and/or
toxins, leading to disruption of an ecosystem.

* Produce potent biotoxins, cause mass anoxic events,
and/or shade seagrass (important habitat).
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First documented harmful algal bloom?

First Plague on the Egyptians
Exodus 7:14 - 7:25

“God instructed Aaron to strike
the with his staff;
.As a
result of the blood,
, filling Egypt with an
awful stench. This plague lasted
for seven days.”




Harmful Algal Blooms in the coastal US prior to 1972

@ NSP.
@ PSP
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Major HAB-related Events in the Coastal U.S.
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MNeurotoxic Shellfish Poisoning
Paralytic Shellfish Poisoning
Amnesic Shellfish Poisoning
Ciguatera Fish Poisoning

Pfiesteria complex
Brown Tide _
Macroalgae proliferation .

Fish, bird, mammal & submerged
aquatic vegetation kills
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Source: NOAS COPMational HAB olfica-WHOI



Region
West coast
Alaska
Hawaii
Florida

ME, OR, CA

GOM, NC, SC
Mid-Atlantic
Gulf of ME
Mid-Atlantic

West coast
Texas

East Coast
Nationwide
WA, RI

Impact
ASP

ASP
Ciguatera
Ciguatera
NSP

NSP
Karlotoxins
PSP
Ecosystem
disruption
PSP

Eco disrupt
Fish kills
Cyanotoxin
Fish kills

Algae
Diatoms
Diatoms
Dinoflagellate
Dinoflagellate
Dinoflagellate

Dinoflagellate
Dinoflagellate
Dinoflagellate
Pelagophyte

Dinoflagellate
Pelagophyte
Dinoflagellate

Cyanobacteria
Raphidophyte

Species
Pseudo-nitzschia sp.
Pseudo-nitzschia sp.
Gambierdiscus toxicus
Gambierdiscus toxicus

Dinophysis sp.
Prorocentrum lima

Karenia brevis
Karlodinium venificum
Alexandrium sp.

Aureococcus
anophagefferens

Alexandrium catenella
Aureoumbra lagunensis
Pfiesteria piscicida
Microcystis, Anabaena
Heterosigma akashiwo



Distribution of US HABSs

@ rsP @ ASP (O CFP (@ NSP
@ Karlodinium & Pliestena @ Brown tide
@ CyanoHABs © Golden alga O DOSP




Many HABs contain toxic compounds which can impact all levels of
marine food webs, including humans.

Humans

Marine Mammals

Piscivorous Fish

%

Planktivorous Fish

|

Herbivorous Zooplankton

Fish Larvae
Benthic Larvae

Harmful Algal Bloom

Microbia Food
Wieh

Bivalves (Clams, Mussels, Scallops, etc)
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Crabs, Whelks, Drills, et
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THIS AREA

CLOSED
TO ALL DIGGING

CLAMS, MUSSELS, QUAHOGS

Because of
PARALYTIC SHELLFISH POISON
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CLOSED AREA NUMBER
Commissioner of
Marine Resources




Human Health Syndromes

associated with phytopiankton

Name of Syndrome Species and Toxin Symptoms
Amnesic Shellfish Pseudo-nitzschia Short term
Poisoning (ASP) Domoic acid memory loss

: . . Dinophysis Diarrhea
Duarrhet.lc Shellfish Okadaic acid - KIsiisan

Poisoning (DSP) “ o
Prorocentrum lima =l Vomiting

Neurotoxic Shellfish . Karenia brevis Respiratory
Poisoning (NSP) Brevetoxin problems

Paralytic Shellfish Alexandrium ‘ Loss of motor
Poisoning (PSP) Saxitoxin control




Animal and Plant mortalities in the U.S.

farmed fish i

B humpback whale

) seagrassishellfish

Ohard clam larvae
fish kills

@ fish kills

seabirds (?
B]
o

fish kills

marine mammals © ©
seabirds%

@ fhish kills

@ fish kills O
larval red drum—_g r\ @ fish kills

%) manatees ¢
fish kills fish, seabirds ©

bottlenosed dolphins v
Events from 1999-2008
C 6-10 times
@ 2-5times
@ 1time
sampled but not detected




Ecosystem disruption by HABs: Death of marine life

HABs cost the US ~$100sM annually




Why have HABs proliferated?

Anthropogenic nutrient loading ' Pre-1972

Loss of key food web predators in
local ecosystems that may allow HAB
species to thrive If introduced.

Global climate change producing a
wider range for some HABES.

More comprehensive monitoring and
reporting




Harmful algal blooms across Long Island

Long Island Water Quality Impairments R2AUCH &<Nature "
Smr 2017 i FOUNDATION C:ie“m'@h

VEET

Toxic Blue Green Algae (BGA)

Ulva (seaweed that indicates high
levels of nutnent poliution)



Some infamous US HAB:s ...



Florida (and Texas) Red Tide blooms

caused by Karenia brevis




« Eating shellfish =NSP

« Acute onset (minutes to hours)
« Symptoms include:
- abdominal pain,
nausea, vomiting, diarrhea
- headache, vertigo,

numbness of lips, mouth and face,

muscle pain, loss of coordination,
partial paralysis, tingling
sensations, convulsions,
respiratory distress, temperature
reversals

* Rapid resolution (days)

e Skin contact

* Inhalation of aerosols

Today’s Beach Condition
FLORIDA RED TIDE PRESENT

* Caused by algae

* Naturally occurning

e .\l.l_\ CAusSe eve or skin irntation
* May cause coughing or sneezing

« If you have a respiratory condition, such as
asthma, avoid the beach during Red Tide

* Do not harvest or eat shelllish or mollusks

Learm msoce at www.colliergov.met

For health informaton and questions, call the
Colbier County Red Tide Hothne: 239732259

Cnheezing? (Coughing?
Watery Eyes?

Your symptoms may be related to Florida Red Tide.
Check Red Tide conditions and use common sense.
Going indoors should make you feel better.

( To speak to a health professional anytime,
& 7z~ call the Florida Red Tide Health Hotline
NN

STAR}T 1 888 232 8635tollfrcc

Breathe Easy During a Red Tide

terial was funded by the Florida Department of Health with cooperation from the Ceaters for Disease Coatrol and Preveation



Ciguatera Fish Poisoning

Gambierdiscus toxicus,
an epiphytic
dinoflagellate
Assoclated with
marcroalgae In tropical,
coastal regions

Optimum conditions:
shallow waters, 25-34°C,
25-40 ppt

Ciguatoxin concentrates 5.
up the food chain

Great Barracuda ( Sphyraera barracuda )



Gambierdiscus cells grow
epiphytically on macroalgae

200 %




Ciguatera Fish Poisoning: Symptoms

> Acute onset

> Early symptoms (24-48 h): Gastrointestinal
o Pain, cramping, diarrhea, vomiting

> Late symptoms

o Neurological
Headache, toothache
Temperature disturbance (hot-cold sensation reversal)
Respiratory paralysis and Seizure in Severe cases
o Cardiovascular
Heart rate abnormalities (rare), usually bradycardia



Ciguatera Fish Poisoning

> ~ 50% of US seafood poisoning

o 90% - Florida and Hawaii Usually large fish,
bottom dwellers and reef fish

o Red snapper, Grouper, Amber Jack, Sturgeon

> Toxins
o Bioaccumulate
o Stable and heat resistant
o Lipid soluble
o Highly potent (clinical effects from <1 mag)



Not all HABs are Dinoflagellates



Pseudo-nitzschia

' W
-

« Genus- Diatom

 Location-

— along the Pacific
Northwest coast of the
United States and along
the Atlantic Northeast
coast of Canada and the
Gulf of Mexico.

""""""

— Around the world Pseudo-nitzschia seriata - (Cleve) H.
Peragallo (400 x)

« Domoic acid, associated
with ASP in humans.



http://www.regione.emilia-romagna.it/crm/images/im_Pseudo_nitzschia_seriata.jpg
http://www.regione.emilia-romagna.it/crm/images/im_Pseudo_nitzschia_seriata.jpg
http://en.wikipedia.org/wiki/Image:Domoic-acid.png
http://en.wikipedia.org/wiki/Image:Domoic-acid.png

Domoic acid Poisoning

Shellfish beds closed to harvest at 20ug/g shellfish meat

ASP events in the United States of America

Events from 1993-2002
@ c1ovmoe

@ 25times
@ 1time

O sampled bul no detected

- —




Amnesic Shellfish Poisoning: Human
Symptoms

e Early symptoms: Gastrointestinal
— Nausea, vomiting, diarrhea

* CNS symptoms
— Dizziness
— Cognitive effects
— Disorientation
— Memory loss
— Delirium
— Seizures
— Agitation
* Highly variable course
— 10% with permanent neurological damage



Amnesic Shellfish Poisoning: Cause
of ‘The Birds’

¥ \LFRED
~EHnicocks

The]’rds”

TECHNICOLOR

PLEASE DO NOT SEE THE END FIRST!!! sece it from the beginning.

Scanning electron microscopy images of
zooplankton gut contents collected in July—
August 1961 from Monterey Bay,
California.




Paralytic Shellfish Poisoning-
PSP

Alexandrium Pyrodinium Gymnodinium



Paralytic Shellfish Poisonin

human health syndrome caused by the saxitoxin producing
dinoflagellates.

Saxitoxin blocks
sodium channels;
symptoms include:
tingling sensation of
mouth, lips and
fingers—> muscular
weakness—> death due
to respiratory failure

. Globally significant

Heat Stable

Carbamate toxins

N-sulfocarbamoyl

toxins

Decarbamoyl toxins

-CONH,

-CONHSO;

H H H S5TX (2,483)

OH H H neoSTX (2,295)
OH 080 H GTX1 (2,468)
H 0507 H GTX2 (892)
050 GTX3 (1,584)

H  0so;  GTX4 (1,803)

GTXS (160)

GTX6 (1580)
C3{33)
Cl{15)
C2(239)

C4(143)

deSTX (1,274)
deneoSTX (33)
deGTX1 (1.500)
deGTX2 (1.617)
deGTX3 (1.872)

deGTX4 (1.080)

C: Ctoxin; GTX: gonvautoxin; STX: saxitoxin; dc: decarbamoyl

Value in parenthesis: specific toxicity in MU/umol

Samsur et al. 2006



The global occurrence of PSP:

* PSP found worldwide
with causative
organisms varying

» Global expansion of
blooms

* Increased coastal
monitoring vs.
anthropogenic nutrient
loading?




PSP-shellfish bed
closures across
Long Island

Northport, Huntington

Loyd Point

Uoyd Neck

West Neck

=~ Marine Biotoxin Closure
James Creek

May 14, 2015
Shellfish Harvest Zone P2

Laurel

Marine Biotoxin Closure
as of May 16, 2012
hellfish Harvest Area NS3

Mattituck Creek Biotoxin Closure
Effective April 3, 2012
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I nomally Uncertified or Seasonally Uncertified

NYS DEC, MAH

A~ Great Peconic Bay

| Marine Biotoxin Closure
Meetinghouse Creek
Effective
May 6, 2015
Shellfish Harvest Zone P1

Shinnecock Bay Biotoxin Closure’
Effective Apri 10, 2012

Riverhead

I sict0cn Ciosure

SGA #19: Sag Harbor
Emergency Biotoxin Closure
Effective April 26, 2012
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Alexandrium cells and shellfish toxicity: 2008

Monitoring of cells predicts Hattenrath et al, 2010
shellfish toxicity with two
weeks lead time.

= Alexandrium cells

== Saxitoxin in shellfish

Lethal dose
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Micrograms saxitoxin per 100 g tissue




Presence of PSP-producing Alexandrium
in LI. 2_007_2015

cells not detected

<100 cells L?

100 - 1,000 cells L1
> 1,000 cells L

**circles represent the highest observed densities at each site**

* Alexandrium found at 62 of 76 sites sampled (82%)



Alexandrium sp.

- Cysts

* Environmental stress
cues sexual reproduction
and cyst formation.

* Cysts deposited by the
fall of a given year are
predictive of blooms the
following spring

How a Toxic Algal Bloom Occurs

the lite cycle of one cell

opti-

vegetative 0 o
5 ] G - £ -y
coLuple DLRer sn-

§

may OLCur

’ . gametes
{ 4

er tamparatures and (n-

creased |ight stmulat-

ing germination. The

cyst breaks open, and a 2
swimming cell emerges, .
5 The cell reproduces by

simpla division within a

ferw days of “hatching.®

capable of
germination the
following year.

1: Alexarndeivm resting oysts lay dormant
on the ocean floo ied in sediment, IF
undisturbed by p natural forces,

lal O
they can stay in this state for years. If
axygen 15 present, garmination may proceed

if conditions are right




Northport cysts per cuw,ent
(2007-2009)

Long Island Sound Long Island Sound
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What drives New York
blooms?



Impact of nutrient loading on Alexandrium densities
and toxicity, 2008

300,000

B A.fundyense
B Saxitoxin
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* N significantly increased cell densities in 66% of experiments (p<0.05; n=6)

* N significantly increased toxin levels in 50% of experiments (p<0.05; n=6)




Scudder Beach sewage
treatment plant
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Expansion of PSP-induced shellfish bed
closures on Long Island, 2005 — 2015

Prior to 2006, Long Island had never experienced a PSP event

ol
n

Acres of shellfish beds closed by P

14,000
12,000

10,000 -

8,000 -

6,000
4,000
2,000

0

Meetinghouse Creek
m James Creek
m Sag Harbor Cove
Mattituck Inlet
®m Shinnecock Bay
®m Northport-Huntington Bay Complex

il

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Data collected from NYSDEC website
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Changes in Northport Bay STP effluent
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Diarrhetic Shellfish Poisoning

> Dinoflagellates

o DInophysis spp.

o Prorocentrum lima
(epiphytic brown
macroalgae)

> Species reported in
the US but associated
lliInesses not reported

until summer 2011

> Okadaic acids and
dinephysistoxins

Okadaic
acids

One of the toxins that cause
Diarrhetic Shellfish Poisoning




Diarrhetic Shellfish Poisoning: Human
Symptoms

> Gastrointestinal illness
o Diarrhea, nausea, vomiting
o Rapid onset, rapid resolution
o No neurotoxic effects

o Long-term effects? (Possibly
tumorigenic)

> FDA level in shellfish — 0.16 ppm
okadaic acid plus 35-methyl-
okadaic acid =160 ng/g shellfish
tissue




FIRST HARMFUL DINOPHYSIS (DINOPHYCEAE, DINOPHYSIALES) BLOOM IN THE
U.S. IS REVEALED BY AUTOMATED IMAGING FLOW CYTOMETRY'

. - 5]
L.isa Ca m.;‘;aimz'!“ etal., 2010

Dinophysis ovum

Longitude

o
'Ol

‘i [ 1 | Rockport Harbor
/
o r
)

Hm
T
BEETEE

Oysters = 470 ng/g OA ww wdw o

Latitude

| 4 ;‘ Deeds et al., 2010
ol —~ . Automated IFCB
A ' ”~ '

' 2 250 Conventional microscopy
i L S
4% ©
v =
R I A 8
-~ b : =
o
($)
= 50
(@)
e




Northport Dinophysis blooms, 2008 - 2015

7 A --2008 --2009 » 2011 _P_eak densities ~1.3
o6 - --2010 <2011 million cells per L!
= <©-2012 --2013 1
% 5 - --2015
E = >,
EE Sepgk A —
% 3 ’ > 1 Highest observed
o ] < I ‘ ensities in NY,
e \ )¢ M 1971-1986
a 2 A (n=1300)
(@)}
o
4 149/t

0 gX 7 T T T T

17-Mar 17-Apr 18-May 18-Jun 19-Jul 19-Aug

« Every year except 2009, 2013 and 2015 had higher bloom densities
than those previously reported in New York.

e The largest bloom occurred in 2011 (>10° cells L1).



DSP toxins ng/g

FDA action level = 160 ng/g
‘ =shellfish sampling site

Mytilus edulis
total
OA PTX2
165 5

Mytilus edulis
total
OA PTX2
142 9

(

Mya arenaria

2011

Mytilus edulis

total
OA

PTX2

1245

115

Geukensia demissa

total
OA PTX2
057 66

total OA

PTX2

1137

71

Key

Mytilus edulis = blue
mussel

Mya arenaria = soft
shell clam

Geukensia demissa =
ribbed mussel



-
Presence of DSP-producing Dinophysis

in | |s 2008-2015

imd’zﬂ.«//}" ~," AR Ay)

./ \/ C

= cells not detected
=< 1000 cells L1
= 1,000 - 10,000 cells L1

= 10,001 - 100,000 cells L
=>10°cells L1

**circles represent the highest observed densities at each site**

» Dinophysis was observed at 54 of 54 sites sampled, and 17% of those sites had
higher densities than those reported ~30 years ago (Freudenthal and Jijina, 1988).

» The largest blooms occurred in Northport Bay and Meetinghouse Creek.



Cochlodinium polykrikoides

e Dinoflagellates
* Chain-forming
e “Rust tide”

* Approximately 20-40 um in | ..
Size ¥=j | ~4:
* Perform diel vertical 5 :
migration AR o Sk
* Cysts observed in cultures b N
(Tang and Gobler 2012) ‘,' )




Cochlodinium rust tides

* An East End phenomenon: Peconics, Shinnecock
* Typically occurs in August and September
* Forms distinctive, large patches

um




Cochlodinium polykrikoides blooms in NY, USA

~10? cell ml-!

> 10 cell ml-! ~10° cell ml-!



Cochlodinium polykrikoides blooms in
New York, 2004 - 2010
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Cochlodinium Impacts on planktlvorous fish
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Impacts of Cochlodinium on sheepshead minnows (fry)

30 minutes Tonhours Nini hours
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Long Island Brown tide blooms

* A south shore phenomenon: Great South Bay, e
Moriches, Quantuck, Shinnecock Bay Jitie L BE e

e Typically occurs in June — July, September - November |~ .

e Turns bays dark-to-light brown e




Ocean flushing and brown tides




New inlet in Great South Bay following Hurricane Sandy

Salinity before the new,

Salinity after the new
inlet Ll e "

inlet

“New ocean
inlet %

Flushing time week to months Flushing time one daily
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Brown tide densities across Long Island’s
south shore, October 8th 2013
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Toxic cyanobacteria ecology:\éhd
health effects

«Cyanobacteria blooms usually occur in eutrophic freshwater lakes
during warmer months (peak recreational period)

*Many strains of freshwater cyanobacteria synthesize potent
hepatotoxins and neurotoXxins, such as microcystin and anatoxin-a,
respectively

* The World Health Organization (WHO) has set a 1jg per liter
concentration for microcystin as a gmdellne level for safe drinking
water.

CyanotoXxins can cause serious neurological and gastrointestinal
disorders and have been associated with gastrointestinal cancers.

«Cyanotoxins have been linked to deaths in waterfowl, cattle, and ddgs



Bloom Formation

Mechanisms for bloom formation
include:

time)

«EXcess nutrient concentrations
(eutrophication)

*Decreased grazing pressure

*Higher water temperatures: >15°C




Suffolk County Lake Survey

Microcystin (ug/L)

Low
recreational
risk

'
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Scientists
Puzzled by
Fish Kill in
Mill Pond

Algae bloom might
be the primary culprit

By Beth Yuung
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Long Island Marine Monitoring
Network (LIMMN)

CHYPERI"OCAL i 4

WATER QUALITY YN e

LIVE | Good @Fair Poor

-
)
- Nﬁ12 Ukrainian iresident calls on countri to ﬁ



* The monitoring program
utilizes both continuous
logger data and discrete
sampling data.

e At each location, an
autonomous sensor
(Onset HOBO U26)
measuring temperature
and DO is deployed and
these sensors collect and
store data at 10 minute
intervals.

* New this year -
telemetry data.




SBYou LogIn

WELCOMEI! RESEARCH PROSPECTIVE STUDENTS AND SCIENTISTS PUBLICATIONS PEOPLE PROJECTS/AFFILIATIONS

CONTACT

ou.stonybrook.edu/goblerlab



https://you.stonybrook.edu/goblerlab/
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Real-Time Water Quality Data

Long Island Marine Monitoring Network Dashboard

Station Georgica Quantuck Peconic Bay Bellport Bay Bort Wainscatt Shinnecock Bay Great South Bay

Pond Buoy Bay Jefferson Bond Buoy
Harbor
Water 4557 °F (754 4386 °F (652 £B63 °F (924 £64°F (3.00 5569 °F 4220 °F 512F 1 =C) 4533 °F [7.4°C)
Temperature °C) °C} °C} o) (13163 °C) (5714 °C)
Depth/Tide 2461t (075 443ft{1.35 338ft (103 873t (2660 1458t (0450 -049 ft (-0.3 m})
mj ) ) m) m} MSL
pH 844 833 777 821 8010
Mitrate 5.090
mgrams/liter
Salinity 2069 PSU 2413 PSU 5620 PSU 2778 PsU 28M0 PsU ono PsU 31140 PSU 28158 P5SU
Chlorophvil A 3378 861 5.35 38828 2160 49520 108 pgrams/liter 0128 pgrams/liter
pgrams/liter  pgrams/fiter pgrams/iter  paramsfiter  pgrams/liter  pgrams/liter
Phycocyanin 109 393 112 2162 2.880
pgrams/liter pgramsfiiter pgrams/liter  pgrams/iter pgrams/liter
Phycoerythrin 10.220
pgrams/liter
Dissclved 1094 985 q12 985 8620 n2el 819 mgrams/iter
Cwyaen mgrams/liter mgrams/liter mgrams/liter mgrams/liter mgrams/liter mgrams/iter
Cxyaen 9410 % 8257 % 9967 % 97770 % 895880 % 868%
Saturation
Turbidity 115 NTU 147 NTU
PAR 0 -0003.6

pEinsteins/m2sec pEinsteins/m2sec

https://you.stonybrook.edu/goblerlab/real-time-water-quality-data/



https://you.stonybrook.edu/goblerlab/real-time-water-quality-data/

Automated telemetered profiler




Bay, 2017
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A) Cochlodinium biomass, summer 2013

> 40

25

C) Cochlodinium biomass, summer 2014

>40

>140
75

>140
100




‘— T vo p— L bt
1

Chlorophyll a (ug L?)




Three-dimensional profiling of DO (mg L) in Jamaica Bay
August, 2015
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Conclusions

Harmful algal blooms are an increasingly common
phenomenon in coastal ecosystems.

Better detection methods, climate change, over-fishing and
enhanced nutrient loading are leading to more frequent
HABs.

HABs can harm humans and/or marine life.

HABs can be caused by dinoflagellates, diatoms,
cyanobacteria, and others.



