Harmful Algal Blooms & Ocean Climate Change:
Progress on tackling a Formidable Predictive
Challenge
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Marine Climate Change in Australia

Impacts and Adaptation Responses
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EXTREME EVENTS
Increased Bush Fires Sydney Dust Storm

WGII AR5
Ch6 &30




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

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



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



Relative growth

Relative PICp

Differing responses of 3 Southern Ocean
Emiliania huxleyi ecotypes to ocean acidification
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Miiller, Trull & Hallegraeff, MEPS 2015, in press



Multiclonal culture (6 genotypes)

pCO,

Genetic shifts in multiclonal

cultures over 500 generations
Lohbeck, Riebesell, Reusch. 2012

adapted

|

Microorganisms with short generation times may be able to respond
to environmental alterations through adaptive evolution



FACTOR INTERACTIONS Emiliania huxleyi x pCO,

PIC/POC

CO, ; TempXx light interaction Lowest growth when changing
0.7 W Low Light | 50 MUItlple Drivers (n-p- 1+1+c0,+)
[ High Light 400
0.6 1 )
0.8 xx sk Kk
E3 - Kk =
0.5 1 ph P -
= 0.6 * [
0.4 T E -
0.3 1 l 1 %’ 0.4+ .T-
021 §E 0.24 1
T o
0.1- 0.0 & : ; : :
0.0 Go(\“o\ O 1.\\ o O‘f? G o "f\ GO{‘\&“\(’\Q\Q

Ambient High PCO2 High Greenhouse
Temperature Treatment

20C;375ppm 20;750 24;375 24; 750 :
PP Feng 2015 Unpubl. PhD thesis

Yuanyan Feng et al. 2008. Eur. J. Phycol. 43:87-98.



Ocean Acidification + P limitation can alter Toxicity

Pseudo-nitzschia Karlodinium

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



Alexandrium : more PST california strain
New York strain
not Bay of Fundy strain

800 ppm; 15C

Tatters et al. 2013
Hattenrath-Lehmann 2014
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up down

pH shock acclimation

pH alters swimming behaviour of Heterosigma .
Kim et al. HARALG 2013



Gymnodinium nolleri cysts. g sediment
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We need long-term (>30 yrs) Plankton Records

North Atlantic Zooplankton (CPR)
Pole-ward shift warm-water species; Cold-water species contract



Range Expansion Red-tide Dinoflagellate Noctiluca

Grazing impact?



Australia

g

* Mediterranean and Eastern Atlantic

s Gambierdiscus expanding to new areas

Fig. 1. Map indicating (arrows) the locations of Gambierdiscus sp. records (Canary Islands, Spain
and Crete, Greece).

Merimbula,
Apr/May

new coastal fisheries unexpectedly at risk
2006-2013



Earlier spring /autumn phytoplankton blooms in North Sea

Shifts in selected HAB species in North Atlantic

1960-1989
VS

1990-2002



Prorocentrum, Europe

Alexandrium present
catenella, Bay Fundy
future
iiimeie i all. 2010 Glibert et al. Global Change Biology 2014

Wider Bloom Window



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






Major Departure from current HAB approaches
LAB
e Study multiple strains
e Best practices experimental techniques (adaptation)
o Multifactorial experiments should be norm
 Hypotheses why OA etc impact on cellular toxicity
 Global extrapolations via mathematical modelling

IPCC FIELD

INTERGOVERNMENTAL
PANEL ON

amtecance High quality long-term time series
(CPR, micropaleontology)
« Recommended hot spot observer sites
e Study HABs as part of total phytoplankton
 \We need to better collaborate & partition this
formidable task!
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