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Increased Global Distribution Paralytic Shellfish Poisoning 

   Captain Vancouver 

 Poison Cove 1793 

2000 poisonings /yr  

   (15% fatal) 

1970 

2009 



DSP AZP NSP ASP 

      Increased Awareness of Shellfish Biotoxins 

          



Environmental and Human Societal Drivers of  
increase in Harmful Algal Blooms 

 
1. Increased scientific awareness of toxic species. 

  

2. Increased utilisation of coastal waters for 
aquaculture 

 

3. Stimulation of plankton blooms by cultural 
eutrophication 

 

4. Transport in ships’ ballast water or associated 
with translocation of shellfish stocks  

 

5. Stimulation by unusual climate conditions 

 
 

 



+2.3oC  

WINNERS LOSERS 



Sydney Dust Storm 

        

       Increased Bush Fires 

California 1:100 yr drought Brisbane 1:100 yr flood 

WGII AR5 

Ch 6 & 30 

EXTREME EVENTS 



Warm Blob in Pacific 

Chile March 2016  $800M 

Pseudonitzschia australis 

domoic acid crab 50x limit  

Pseudochattonella/ Alexandrium catenella 

El Nino 2016 

https://www.youtube.com/watch?v=C19reGkGwTw
https://www.google.com.au/imgres?imgurl=http://news.nationalgeographic.com/content/dam/news/2016/05/17/Chile-Red-Tide/Chile-Red-Tide-1.jpg&imgrefurl=http://news.nationalgeographic.com/2016/05/160517-chile-red-tide-fishermen-protest-chiloe/&docid=I9SYda5_K2E_vM&tbnid=NnrED9588wreAM:&w=2048&h=1365&client=safari&bih=1275&biw=2060&ved=0ahUKEwiszavrs8XOAhVE0h4KHUSPB6gQMwgbKAAwAA&iact=mrc&uact=8


Climate Change is Multifactorial: Warming, Stratification, Light, 

Nutrients, Ocean Acidification, Grazing 



           Different ocean regions change at different rates 
     Boyd. Nature Clim. Ch. 5, 71–79 (2015); Bopp. Biogeosc. Disc.10, 6225-45 (2013) 

3.64 C 

0.34 pH 

pH, T, N,P, O2 We need consensus on agreed observer hotspots for  



A single culture strain is NOT representative of global population!  

Alexandrium tamarense-species complex 

 We need to work on agreed keystone species & well-defined strains 
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Differing responses of 3 Southern Ocean  

 Emiliania huxleyi ecotypes to ocean acidification 

Műller, Trull & Hallegraeff, MEPS 531, 81-90 (2015). 



Genetic shifts in multiclonal 

cultures over 500 generations 
   Lohbeck, Riebesell, Reusch. 2012 

Microorganisms with short generation times may be able to respond 

        to environmental alterations through adaptive evolution  

   

Multiclonal culture (6 genotypes) 

pCO2 

adapted 



CO2  ; Temp X light interaction 

FACTOR INTERACTIONS  Emiliania huxleyi x pCO2 

Feng et al. 2008. Eur. J. Phycol. 43:87–98. 
Feng 2017 Limnol.Oceanogr. 62: 519-540 

Lowest growth when changing 

Multiple Drivers (N-,P-, I+,T+,CO2+) 

20C;375ppm    20;750     24; 375     24; 750 

 50  

400 



  Fu et al. 2010. Aquat.Microb.Ecol.59:55-65 
Sun et al. 2011. Limnol.Oceanogr.56:829-840 

Ocean Acidification + P limitation can alter Toxicity 

Pseudo-nitzschia  Karlodinium 



Alexandrium : more PST California strain 

                                                             New York strain 

         not Bay of Fundy strain 

                                                                                   

 800 ppm; 15C 

    Tatters et al. 2013 

Hattenrath-Lehmann 2014 

Karenia brevis 

P deficiency strongest driver BTX 
               Hardison 2014 



pH alters swimming behaviour of Heterosigma . 

                         Kim et al. HARALG 2013  

up    down 

pH shock                               acclimation 



   We can learn from the 

dinoflagellate cyst record 

 

Resurrection Biology 

 

Kattegat 



               North Atlantic Zooplankton (CPR) 

 Pole-ward shift warm-water species; Cold-water species contract 

We need long-term (>30 yrs) Plankton Records 



Range Expansion Red-tide Dinoflagellate Noctiluca 

1860-1950

1980-1993

1994-2005

2008

Australia

Cairns

Sydney

Tasmania

Port
Lincoln

Port
Esperance

Grazing impact? 



Merimbula,  

 Apr/May 

2006-2013 

Australia 

new coastal fisheries unexpectedly at risk  

 



Shifts in selected HAB species in North Atlantic 

Earlier spring /autumn phytoplankton blooms in North Sea 

1960-1989  

     vs  

1990-2002  



      Moore et al. 2010 

Wider Bloom Window 

Alexandrium 

catenella, Puget Sound 

Modeled changes in North Atlantic 

             1982-2016 

Gobler et al. PNAS 2017 



We can expect 

• Range expansion of warm-water at expense of cold-water species 

 

•Changes in abundance & seasonal window of growth 

 

•Knock-on effects for marine foodwebs when individual 

zooplankton/fish are differentially impacted (match/mismatch) 

 

•Ocean acidification combined with nutrient limitation or 

temperature changes may increase  toxicity of HABs 

 

•Increased vigilance for unexpected species invasions &  

food web alterations  

 

             

 



Multiple Stressors/ Feedbacks 



              Major Departure from current HAB approaches 

LAB 

• Study multiple strains 

• Best practices experimental techniques (adaptation) 

• Multifactorial experiments should be norm 

• Hypotheses why OA etc impact on cellular toxicity 

• Global extrapolations via mathematical modelling 

 

FIELD 

• High quality long-term time series  

(CPR, micropaleontology) 

• Recommended hot spot observer sites 

• Study HABs as part of total phytoplankton 

• Learn from unusual Climate Events (eg. El Ñino) 

• Better collaborate & partition this formidable  task! 
 

 

                                 
 



Global HAB Status Reports 
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Alexandrium spp.
n=18,362

Dinophysis spp.
n=92,437

Pseudo3nitzschia spp.
n=101,129

Ines Sunesen (South America minus Venezuela (Pat Tester) 


