
Welcome'to'the'C+CAN'Ocean'
Acidification'Roundtable!

We#will#begin#at#1:00#pm#PT#using#the#free#VOIP#
(Voice#Over#Internet#Protocol).#

If#you#need#technical#assistance,#please#type#your#questions#into#the#Question#box#in#in#the#
control#panel#on#the#right#hand#side#of#your#screen.#

If#you#are#unable#to#connect#using#VOIP,#dial#Toll:#+1#1#(415)#930L5321 Access#code:#993L398L541
You'will'be'charged'for'this'call.

To#connect#you#MUST#HAVE#the#audio#pin#number#shown#after#joining#the#seminar
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Today’s Webinar:
How$ocean$acidification$works$hand$in$hand$

with$warming$and$other$global$change$stressors$
to$promote$toxic$Pseudo9nitzschia harmful$algal$

blooms$along$the$West$Coast$$
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Today’s(format:
Presentation(by(Dr.(Dave(Hutchins:(
How$ocean$acidification$works$hand1in1hand$
with$warming$and$other$global$change$stressors$
to$promote$toxic$Pseudo'nitzschia harmful$algal$
blooms$along$the$West$Coast

Q&A

Adjourn



Introducing+our+Speaker
Dr.+Dave+Hutchins

Professor+of+Marine+and+Environmental+Biology+at+the+
University+of+Southern+California+in+Los+Angeles.+

~Ph.D.+at+UC+Santa+Cruz,+followed+by+a+postdoc+at+Stony+
Brook,+and+then+worked+for+10+years+on+the+faculty+of+the+
Univ.of Delaware+before+moving+to+USC+12+years+ago.+

~+Fellow+of+the+American+Association+for+the+Advancement+
of+Science+and+of+the+Association+for+the+Sciences+of+
Limnology+and+Oceanography,+
~+Chairman+of+the+1st+Ocean+Global+Change+Biology+
Gordon+Research+Conference,+
~Associate+Editor+for+Marine+Climate+Change+and+Ocean+
Acidification+at+the+journal+Proceedings+B+of+the+Royal+
Society.+

Current+research+examines+how+global+change+processes+
affect+ocean+biology+and+biogeochemistry
Including+how+future+ocean+acidification,+sea+surface+
warming,+and+changing+ocean+biology,+chemistry+and+
physics+will+impact+toxic+harmful+algal+blooms,+carbon+and+
nutrient+cycling,+iron+and+trace+metal+cycling,+nitrogen+
fixation,+and+phytoplankton+community+structure+in+
marine+ecosystems+ranging+from+California+coastal+waters,+
to+the+remote+polar+Southern+Ocean+and+the+open+ocean+
subtropical+gyres.+



Dave%Hutchins
Marine%and%Environmental%Biology
University%of%Southern%California

How$ocean$acidification$works$hand1in1hand$
with$warming$and$other$global$change$stressors$
to promote$toxic$Pseudo'nitzschia
harmful$algal$blooms$along$
the$West$Coast





Some%of%the%physical%and%chemical%
changes%expected%in%the%future%ocean
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Numerous(global(change(factors(may(be(related(to(
worldwide(increases(in(the(frequency(and(severity(of(

Harmful(Algal(Blooms((HABs)

Griffith'and'Gobler'2019'Harmful'Algae



Fish kill during a harmful algal bloomHarmful(algal(blooms(are(increasing(in(severity,(
duration,(and(extent(all(over(the(world



Dinoflagellate range extensions 
in a warming ocean

Hallegraef 2010,,J.,Phycol 46



Effects of warming (1982-2016) on potential growth rates 
and bloom season length of the icthiotoxic dinoflagellate 

Cochlodinium polykrikoides

Griffith'et'al'2019'
Proceedings'B



Massive mortality 
of red abalone,
September 2011, 
Mendocino county, CA

Gonyaulax spinifera



Effects of a warming-induced extended growing season 
on Alexandrium catenella

Moore%et%al.%2008,%Environmental%Health%7



Warming-induced shifts towards 
dinoflagellate blooms

Cloern'et'al.'2005,'GRL'32



HABs%along%the%
U.S.%West%Coast%



Pseudo-nitzschia blooms

Domoic Acid

Pseudo'nitzschia bloom,
Juan*de*Fuca*eddy

www.whoi.edu/redtide/

nasaimages.org

http://www.whoi.edu/redtide/page.do?pid=28636&tid=542&cid=80497&c=3&idx=2&slideshow=30792


/
Pseudo-nitzschia and Domoic Acid



Pseudo-nitzschia
multiseries

• CO2 [190, 380, 750] ppm
• P-replete vs. P-limited
• Measurements of growth rates, physiology
• Domoic acid measurements using ELISA
• RNA samples for gene expression Sun et al. 2011 

Limnology &
Oceanography 56



Pseudo-nitzschia multiseries-
growth and carbon fixation rates 
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Domoic acid production
versus pCO2 and P availability
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Brunson'et'al.'2018
Science'361,'1356–1358



How$will$knowing$the$genes$involved$in$
domoic$acid$synthesis$help$with$our$toxic$

Pseudo'nitzschia bloom$crisis?

• Allow%us%to%understand%how%environmental%factors%like
acidification,%warming,%eutrophication,%deoxygenation%etc.%
can%act%as%triggers%to%control%toxic%bloom%formation%

• Potential%genetic%‘biomarkers’%to%detect%and%quantify
actively%or%potentially%toxic%species%

• Suggest%possible%targets%for%intervention%and%mitigation%
of%toxic%blooms



Pseudo-nitzschia 
fraudulenta

(from Southern California)

• Si-replete vs. Si-limited
• CO2 190, 380, 750 ppm
– four months of pre-conditioning
– Toxin measured with HPLC 

Tatters, Fu and Hutchins 2012
PLoS ONE 7 



Domoic acid
production 
increases 
dramatically 
with rising 
acidification-
especially during
Si-limited growth

Tatters'et'al.'2012'
PLoS'ONE'7
.

ₒ Si#replete

• Si#limited



Supporting correlative field data 
from MacIntyre et al. (2011)

CO2 concentrations

Si.concentrations

Pseudo'nitzschia
abundance.(also
domoic.acid.levels)



Si depletion increases the 
toxicity of a Monterey 

Bay bloom event during 
the 2015 heat wave event

eos.ubc.ca



Take%Home%Message%for%
Domoic%Acid%and%CO2

The%toxicity%of%Pseudo'nitzschia spp.%isn’t%
increased%that%much%by%ocean%acidification%aloneA
but%high%pCO2%can greatly%magnify%the%increases%in%
domoic%acid%production%typically%seen%during%
limitation%by%the%nutrients%Si%and%P%

There%is%a%synergistic%effect%between%
acidification%and%nutrient%limitation



How$will$ocean$acidification$effects$on$Pseudo'
nitzschia growth$and$toxicity$interact$with$other$

environmental$change$variables?

• Warming
• Hypoxia

• Changes in solar radiation exposure due to stratification
• Altered nutrient sources and supplies



The$Earth
is$getting
warmer…



Kintisch(2015(Science

Pseudo'nitzschia and(warming:(The(Blob(bloom



McCabe'et'al.'2016



Domoc acid(closures(cost(the(West(Coast(
Dungeness(crab(fishery(~$50;100(million(

The(Verge



https://www.theverge.com/2019/3/19/18271856/crabs-domoic-acid-climate-
change-big-oil-fossil-fuels-pacific-harmful-algal-bloom

https://www.theverge.com/2019/3/19/18271856/crabs-domoic-acid-climate-change-big-oil-fossil-fuels-pacific-harmful-algal-bloom


versus

Fishermen
Sue
Big.Oil
For
Climate
Change
Damages



We used a
Pseudo-nitzschia
australis culture
isolated locally 
near the beginning 
of the Blob bloom 
to investigate the
relationship between
temperature and 
domoic acid 
production



Pseudo'nitzschia/australis/
temperature(responses

Zhu$et$al.$2017,$Harmful$Algae$$$$$$$$$$$$$$

Growth$rates

Domoic$acid$
production$rates



Cellular'toxin'content'versus'growth'rate'

>'23oC

<'23oC



Natural'community'experiments:''
P.#delicatissima#abundance'increases'with'temperature



Natural'community'experiments:''
P.#delicatissima#abundance'increases'with'temperature

15oC 28oC



Domoic&Acid&and&Warming

Both&the&toxicity&and&the&abundance&of&
some&toxic&Pseudo'nitzschia spp.
can&be&greatly&increased&by&warming



Domoic&acid&in&shellfish&correlates&with&climate&trends&

McKibben&et&al.&2017&PNAS



Cavole'et'al.'2016'Oceanography

The'future9 predictions'of'a'warmer'eastern'Pacific'Ocean







How$will$long)term$warming$trends$
and$transitory$heat$wave$events$
interact$with$other$global$change$factors$
like$acidification$and$stratification$to$affect$
toxic$Pseudo'nitzschia blooms?



The interactive effects of acidification, warming and 
nutrient limitation on toxic Alexandrium

Alexandrium catenella

– produces saxitoxin and derivatives, collectively 
known as Paralytic Shellfish Poisoning Toxins 
(PSPs)

– Phosphate limitation increases toxicity
– growth and toxicity were measured in a local clone 

of Alexandrium catenella
– eight months of conditioning in an experimental 

matrix of: 
Two CO2 concentrations
Two temperatures
Two phosphate concentrations



High CO2 led to 
increased cellular 
toxin levels, 
regardless of 
temperature or 
phosphate status 
examined.

Warmer 
temperatures                                                                        
reduced 
toxicity 

High CO2, P-
limited, low 
temperature 
conditioned cells-
most toxic 

P"replete

P"limited

Tatters.et.al..2013.Harmful.Algae



Interactions between 
acidification and warming 
in a polar Pseudo-nitzschia

1) Maximum growth rates are almost 50% higher under acidified 
conditions at the warmer temperature

2oC 8oC

2) Half-saturation constants for CO2 are 6X lower (11 ppm vs 66 
ppm) under acidified conditions at the warmer temperature

Zhu(et(al.(2017,(Biogeosciences



Our$current$project$is$supported$by$California$Proposition$84$funds,$
administered$by$the$Urban$Ocean$Sea$Grant$program

How$will$interactions$between$multiple$global$
change$stressors$affect$Pseudo'nitzschia
growth$and$toxicity?

Acidification
Warming
Nitrogen$source
Light
UV$radiation

Kyla$Kelly

Pseudo'nitzschia
multiseries



Our$first$set$of$experiments$examined$
Pseudo'nitzschia multiseries growth$
and$domoic$acid$production$in$
an$interactive$experimental$matrix$of:

Temperature (20C$and$25C)

Nitrogen$source$(Nitrate$and$urea)

Solar$radiation$(Photosynthetically$active$radiation$(PAR)$
alone,$and$PAR$plus$UV$radiation)



Our$early$results$suggest$that$
Pseudo'nitzschia multiseries is$very
sensitive$to$UV$radiation

It’s$growth$is$almost$completely$inhibited$
at$UV$levels$that$are$easily$tolerated
by$other$algae$we$have$examined

UVR$only$penetrates
into$the$top$few$meters$of
the$ocean



Does%this%unusual%sensitivity%to%UV%radiation%help%
explain%the%common%observation%that%
Pseudo'nitzschia often%forms%sub9surface%
‘thin%layer’%blooms?

What%are%the%implications%for%toxic%blooms%if%the%surface%
mixed%layer%is%getting%shallower%due%to%climate%change,%
as%predicted%by%many%models?
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Early&results&
of&our&first
multiple
stressor&
experiment

1)&This&toxic&species&is&very&sensitive&to&UV

2)&Highest&growth&rates&are&in&the&PAR,&warming&and&nitrate&treatment

3)&The&combination&of&warming&and&growth&on&urea&seems&to&confer&
some&resistance&to&UV



Global&change&and&harmful&Pseudo'nitzschia blooms

Many&global&change&factors&have&the&potential&to&affect&our&already&serious
problem&with&toxic&Pseudo'nitzschia blooms,&including&ocean&acidification,&
warming,&stratification,&deoxygenation,&and&changes&in&nutrient&supplies&and&
solar&radiation.

Many&of&these&environmental&changes&can&individually&promote&Pseudo'nitzschia
growth&and/or&toxicity,&but&it&is&the&interactions between&multiple&factors&that&are&
likely&to&be&far&more&important&than&any&single&factor&alone.

,
We&need&to&start&considering&global&change&holistically,&as&it&is&the&combination&
of&all these&simultaneous&changes&together&that&will&determine&the&future&of&
harmful&Pseudo'nitzschia blooms&along&the&West&Coast.
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Designing multiple variable global change 
experiments can be tricky!

Growth'rates
of'phytoplankton
in'six'published
global'change'
studies:

Experimental
outcomes'vary,'
at'least'partly'because
different'experimental'
matrices'were'used Hutchins

and'Fu'
2017
Nature'
Microbiology



A digital Best Practices Guide on how to 
design and carry out complex multiple 

variable global change experiments
• https://meddle-scor149.org

https://meddle-scor149.org/


You can design and run an online 
simulated global change 
experiment of your own

Have%fun%designing%a%better%experiment!



A video archive and pdf of this webinar will available on the C-CAN 
website in the “workshop” page

•http://c'can.info/workshopswebinars/

Please contact Diane Pleschner-Steele at  dplesch@gmail.com with 
any questions about C-CAN

http://c-can.msi.ucsb.edu/workshops
mailto:dplesch@gmail.com


Next Roundtable Discussion!
October 16, 2019 at 1 PM Pacific Time

To#be#announced
Registration and more info will be distributed via the C-CAN listserv shortly.  You can 

sign up by visiting the C-CAN News page
http://c0can.info/category/news/

http://c-can.msi.ucsb.edu/news

