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1.   Why	
  to	
  prevent	
  and	
  mi$gate	
  impacts	
  of	
  HABs?	
  

2.   How?	
  Mul$disciplinary	
  ini$a$ves.	
  

3.   Example	
  1.	
  Ostreopsis	
  blooms:	
  Local	
  and	
  Regional	
  
scale	
  –	
  Mediterranean	
  

4.   Example	
  2.	
  Karenia	
  brevis	
  blooms:	
  Regional	
  Case	
  1	
  –	
  
US	
  

5.   Interna$onal	
  Coordina$on:	
  GEOHAB	
  &	
  GlobalHAB	
  

Mul$disciplinary	
  and	
  coordina$ng	
  ini$a$ves	
  
to	
  prevent	
  and	
  mi$gate	
  the	
  impacts	
  of	
  

Harmful	
  Algal	
  Blooms	
  (HABs)	
  



Defini$on	
  of	
  HABs	
  

•  HAB	
  defini$on:	
  Discrete	
  event	
  associated	
  with	
  a	
  “bloom”	
  (prolifera&on)	
  of	
  
microalgae,	
  cyanobacteria	
  or	
  macroalgae	
  that	
  is	
  perceived	
  by	
  humans	
  as	
  harmful	
  
to	
  their	
  health	
  or	
  ecosystem	
  services.	
  

•  ‘Bloom’:	
  an	
  increase	
  in	
  abundance	
  rela$ve	
  to	
  a	
  normal	
  background	
  level	
  that	
  
may	
  be	
  low	
  or	
  high,	
  depending	
  on	
  the	
  organism.	
  

•  HABs	
  are	
  present	
  in	
  nearly	
  all	
  aqua$c	
  environments	
  as	
  naturally	
  occurring	
  
phenomena.	
  

Pseudo-­‐nitzschia	
  
bloom	
  –	
  US	
  Pacific	
  
coast	
  -­‐	
  August	
  2015	
  

Noc1luca	
  
Grove,	
  Galicia,	
  July	
  2008	
  

Dinophysis,	
  
threat	
  at	
  low	
  
concentra&ons.	
  
Mussel	
  raWs	
  



Dinophysis,	
  
Diarrheic	
  Shellfish	
  Poisoning,	
  
Closure	
  of	
  shellfish	
  harves&ng	
  

Gambierdiscus,	
  
Ciguatera	
  fish	
  poisoning	
  
Endemic	
  in	
  the	
  tropics	
  
Incidence	
  1:4	
  people	
  
$20	
  M	
  loss	
  p.a.	
  

Some	
  microalgae	
  produce	
  toxic	
  substances	
  to	
  humans	
  and	
  aqua$c	
  organisms	
  	
  

Impacts	
  of	
  HABs	
  



HABs	
  events	
  have	
  different	
  impacts	
  on	
  human	
  health	
  and	
  wellbeing	
  

Impacts	
  of	
  HABs	
  



Gambierdiscus	
  

Pyrodinium	
  
bahamense	
  v.	
  
compressum	
  

Cochlodinium	
  
polykrikoides	
  

Heterocapsa	
  
circularisquama	
  

Karenia	
  
mikimotoi	
  

	
  Ichtyotoxic,	
  high	
  biomas	
  

Dinophysis	
  spp.	
  

Alexandrium	
  
minutum	
  

Paraly$c	
  Shellfish	
  Poisoning	
  (PSP)	
  

Ciguatera	
  Fish	
  
Poisoning	
  (CFP)	
  

Diarrheic	
  Shellfish	
  
Poisoning	
  (DSP)	
  

Prorocentrum	
  
donghaiense	
  

Noc1luca	
  scin1llans	
  

High	
  biomass,	
  hypoxia,	
  non	
  toxic	
  

Scrippsiella	
  
trochoidea	
  

Some	
  HABs	
  causing	
  organisms	
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Factors	
  Controlling	
  HABs	
  

Phytoplankton	
  blooms	
  result	
  from	
  the	
  interac$ons	
  of	
  physical,	
  chemical,	
  ecological	
  and	
  
biological	
  processes	
  that	
  occur	
  at	
  different	
  scales.	
  

*	
  Light	
  &	
  nutrients	
  
*	
  Water	
  stability	
  

*	
  Reproduc$on	
  capacity	
  
*	
  Compe$$on	
  capacity	
  

*	
  Few	
  losses	
  (death,	
  preda$on)	
  



•  HABs	
  are	
  natural	
  phenomena,	
  controlled	
  by	
  the	
  same	
  factors	
  than	
  phytoplankton	
  
blooms.	
  

	
  
•  However,	
  some	
  human	
  ac$vi$es	
  can	
  favor	
  them:	
  

-­‐  Eutrophica$on:	
  anthropogenic	
  nutrient	
  enrichment	
  leading	
  to	
  excess	
  
phytoplankton	
  produc$on	
  that	
  can	
  result	
  in	
  undesirable	
  disturbance	
  to	
  water	
  
quality	
  and	
  the	
  balance	
  of	
  organisms.	
  

-­‐  Altera&on	
  of	
  water	
  circula$on	
  pa\ers	
  by	
  harbors:	
  reten&on	
  areas	
  that	
  favor	
  
accumula$on	
  of	
  vegeta$ve	
  and	
  res$ng	
  cell	
  life	
  forms	
  

-­‐  Spread	
  of	
  harmful	
  organisms	
  through	
  ballast	
  waters	
  or	
  transport	
  of	
  cultured	
  
organisms:	
  blooms	
  in	
  areas	
  not	
  previously	
  affected	
  by	
  (certain)	
  HABs	
  

Alexandrium	
  catenella	
  	
  
Images:	
  M.	
  Delgado/	
  M.	
  Vila	
  /	
  JM	
  Fortuño	
  (ICM-­‐CSIC)	
  

What	
  Causes	
  HABs?	
  



Costs	
  of	
  HABs???	
  

Conserva$ve	
  annual	
  direct	
  cost*	
  
Marine	
  HABs	
  	
  
	
  	
  	
  	
  	
  USA 	
  	
  	
  ±	
  US$	
  95	
  million	
  
	
  	
  	
  	
  	
  Europe 	
  	
  	
  >	
  US$	
  850	
  million	
  
	
  	
  	
  	
  	
  Asia 	
  	
  	
  >	
  US$	
  1	
  billion	
  
Freshwater	
  HABs	
  
	
  	
  	
  	
  	
  USA 	
   	
  	
  	
  ±	
  US$	
  4,6	
  billion	
  
	
  	
  	
  	
  	
  China 	
  	
  	
   	
  	
  	
  ±	
  US$	
  6,5	
  billion	
  (1998,	
  Lake	
  Tai)	
  
	
  	
  	
  	
  	
  Australia 	
  	
  	
  ±	
  US$	
  150	
  million	
  
	
  	
  	
  	
  	
  UK 	
   	
  	
  	
  ±	
  US$	
  150	
  million	
  
	
  	
  	
  	
  	
  South	
  Africa 	
  	
  	
  ±	
  US$	
  250	
  million	
  
	
  
Sources:	
  Bernard	
  et	
  al.,	
  2014,	
  Developing	
  global	
  capabili1es	
  for	
  
the	
  observa1on	
  and	
  predic1on	
  of	
  harmful	
  algal	
  blooms.	
  Oceans	
  
and	
  Society:	
  Blue	
  Planet.	
  PICES	
  Scien1fic	
  Report,	
  No.	
  47.	
  
	
  
•  Excluding	
  cost	
  on	
  human	
  health	
  care.	
  

*	
  A	
  comprehensive	
  global	
  HAB	
  observing	
  and	
  
forecas$ng	
  system:	
  
	
  
±	
  100	
  million	
  /	
  year	
  =	
  1/10	
  of	
  the	
  direct	
  cost	
  

We	
  need	
  to	
  know	
  more	
  
about	
  this!!!	
  
	
  
	
  
	
  
Expected	
  trend	
  in	
  the	
  near	
  future:	
  
	
  
HAB-­‐related	
  costs	
  are	
  going	
  to	
  
increase	
  because	
  the	
  problem	
  will	
  
become	
  more	
  severe	
  with	
  
GLOBAL	
  CLIMATE	
  CHANGE	
  and	
  
increased	
  EXPLOITATION	
  of	
  
coastal	
  RESOURCES.	
  



Many	
  HABs	
  are	
  increasing	
  in	
  severity	
  and	
  frequency,	
  and	
  
biogeographical	
  range.	
  Some	
  of	
  this	
  expansion	
  is	
  aTributed	
  to	
  
climate	
  change	
  and	
  global	
  change…	
  But	
  many	
  uncertain>es!!!	
  

Future	
  trends	
  in	
  HABs	
  



Global	
  Expansion	
  of	
  Mul$ple	
  HABs	
  
…	
  also	
  related	
  to	
  be?er	
  detec>on	
  methods	
  of	
  monitoring	
  

Cochlodinium	
  



New	
  toxin-­‐producing	
  species	
  
and	
  new	
  toxins	
  …	
  but	
  beher	
  techniques	
  for	
  toxin	
  
characteriza$on	
  

Azadinium	
  spinosum	
  

Azaspiracid	
  Shellfish	
  
Poisoning	
  (AZP)	
  



New	
  toxins.	
  BMAA,	
  controversial	
  



Gambierdiscus	
  

Ciguatera	
  Fish	
  
Poisoning	
  (CFP)	
  

Seafood	
  intoxica$ons	
  related	
  to	
  
market	
  trade	
  expansion	
  and	
  global	
  
warming?	
  



S$ll	
  Ciguatera	
  Fish	
  Poisoning	
  is	
  the	
  most	
  frequent	
  cause	
  of	
  HAB-­‐
associated	
  poisoning	
  in	
  tropical	
  waters.	
  



2015:	
  An	
  Unprecedented	
  Year	
  in	
  the	
  Pacific	
  
coast	
  of	
  America.	
  Pseudo-­‐nitzschia	
  bloom	
  

•  Trophic	
  Transfer:	
  
•  Feb	
  16,	
  2016:	
  California	
  Requests	
  Federal	
  

Disaster	
  Relief	
  
	
   Pseudo-­‐nitzschia	
  spp.	
  

Amnesic	
  Shellfish	
  
Poisoning	
  (ASP)	
  –	
  
domoic	
  acid	
  

Pseudo-­‐nitzschia	
  
bloom	
  –	
  US	
  Pacific	
  
coast	
  -­‐	
  August	
  2015	
  



h\p://nordicmicroalgae.org/taxon/
Pseudocha\onella	
  

2016:	
  An	
  Unprecedented	
  Year	
  in	
  the	
  
Pacific	
  coast	
  of	
  America.	
  Pseudo-­‐
cha?onella	
  bloom	
  in	
  Chile	
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Generali$es.	
  Overview	
  of	
  the	
  challenge	
  

Direct impacts on Human Health:
  * food-borne diseases
  * water borne diseases
  * aerosolized biotoxins

Effects on Human Wellbeing:
  * economic cost and losses
  * ecosystems passive value losses
  * social impacts

Harmful Algal Blooms

Natural 
dynamics

Anthropogenic 
forcings Climate change & 

global warming

•  HABs	
  events	
  can	
  not	
  be	
  realis$cally	
  eliminated,	
  but	
  
their	
  impacts	
  can	
  be	
  alleviated.	
  

•  HABs	
  are	
  a	
  global	
  issue	
  that	
  requires	
  interna$onal	
  
coopera$on	
  and	
  local	
  solu$ons	
  

•  HABs	
  must	
  be	
  integrated	
  with	
  policy	
  decisions	
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Available	
  tools:	
  	
  Monitoring	
  and	
  
management	
  

•  Informa&on	
  and	
  alerts	
  to	
  the	
  
public	
  about	
  human	
  and	
  
ecosystem	
  health	
  threats.	
  

•  Baseline	
  informa&on	
  for	
  
understanding	
  how	
  HAB	
  frequency	
  
and	
  abundance	
  are	
  changing	
  in	
  
super-­‐observing	
  sites	
  (GOOS-­‐Bio)	
  

•  Need	
  to	
  con&nue:	
  long-­‐term	
  
commitments	
  at	
  local,	
  regional,	
  
na&onal,	
  and	
  interna&onal	
  levels.	
  

Above:	
  satellite	
  image	
  of	
  
chlorophyll	
  concentra&on,	
  
tracking	
  a	
  phytoplankton	
  
bloom	
  off	
  the	
  coast	
  of	
  South	
  
Africa.	
  (Image:	
  S.	
  Bernard)	
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Available	
  tools.	
  Modeling	
  and	
  predic$on	
  

•	
  Nowadays,	
  a	
  few	
  HABs	
  can	
  be	
  modeled	
  and	
  
predicted	
  on	
  a	
  regional	
  scale	
  with	
  some	
  
success.	
  
	
  
Needs:	
  
-­‐  developing	
  new	
  models	
  and	
  new	
  

approaches	
  
-­‐  integra&on	
  with	
  the	
  broader	
  community	
  of	
  

researchers	
  dealing	
  with	
  physical-­‐
biological	
  interac&ons	
  of	
  algae	
  
popula&ons.	
  

Oceanographic	
  models	
  of	
  water	
  
circula&on	
  allow	
  monitoring	
  and	
  
predic&on	
  of	
  high	
  biomass	
  blooms	
  
and	
  reduc&on	
  of	
  their	
  impacts	
  on	
  
fisheries.	
  Above:	
  distribu&on	
  on	
  toxic	
  
microalgae	
  in	
  the	
  Chesapeake	
  Bay	
  
(leW)	
  and	
  modeled	
  bloom	
  abundances	
  
(right).	
  From	
  Anderson	
  et	
  al.	
  2010.	
  J.	
  
Mar.	
  Sys.	
  



Glibert	
  et	
  al.	
  2014.	
  Global	
  Change	
  Biology	
  20,	
  3845-­‐3858	
  

Poten$al	
  effects	
  of	
  nutrient	
  loading	
  and	
  climate	
  change.	
  
Projec&ons	
  in	
  NE	
  Asia:	
  expansion	
  in	
  area	
  and/or	
  number	
  of	
  months	
  annually	
  conducive	
  to	
  
development	
  of	
  Prorocentrum	
  and	
  Karenia.	
  

Prorocentrum	
  spp.	
  

Karenia	
  spp.	
  

Present	
  day	
   Future	
  projec$on	
   Difference	
  

Available	
  tools.	
  Modeling	
  and	
  predic$on	
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Available	
  tool.	
  Mul$disciplinary	
  Research	
  

•  HAB	
  research	
  has	
  markedly	
  progressed	
  in	
  recent	
  years,	
  in	
  
part	
  with	
  advances	
  in	
  technology.	
  

•  Con&nued	
  support	
  of	
  research	
  into:	
  
ü  HAB	
  biology	
  
ü  fate	
  of	
  toxins	
  (transference	
  through	
  the	
  food	
  

webs)	
  
ü  ecology:	
  physico-­‐chemical-­‐biological	
  interac&ons	
  
ü  taxonomic	
  iden&fica&on	
  of	
  toxic	
  organisms	
  

The	
  Environmental	
  Sample	
  Processor	
  
(MBARI,	
  US)	
  is	
  a	
  robo&c	
  biochemistry	
  
laboratory	
  that	
  detects	
  some	
  toxic	
  
microorganisms	
  in	
  the	
  ocean	
  in	
  real	
  
&me.	
  (Photo:	
  R.	
  Kudela)	
  

The	
  TurboMap-­‐G	
  (H	
  Yamazaki,	
  Japan)	
  
device	
  allows	
  us	
  to	
  understand	
  the	
  
small-­‐scale	
  physical	
  hydrodynamics	
  
that	
  control	
  the	
  aggrega&on	
  of	
  toxic	
  
microalgae	
  in	
  thin	
  layers	
  in	
  the	
  water	
  
column.	
  (Photo:	
  H.	
  Yamazaki).	
  



Gulf	
  of	
  Mexico	
  and	
  Florida	
  
Mul&ple	
  effects:	
  
•  Toxin	
  accumula&on	
  in	
  mussels:	
  Neurotoxic	
  Shellfish	
  Poisoning	
  

(NSP)	
  
•  Respiratory	
  diseases	
  in	
  beach	
  users	
  or	
  nearby	
  inhabitants:	
  

brevetoxin/sea	
  water	
  aerosols	
  
•  Mucilage	
  produc&on:	
  massive	
  fish	
  killings	
  
•  Death	
  of	
  marine	
  mammals	
  and	
  seabirds	
  
•  Foam	
  accumula&on	
  in	
  beaches:impacts	
  on	
  tourism	
  
•  Seabed	
  high	
  biomass	
  accumula&on:	
  hypoxia/anoxia	
  

Karenia	
  brevis	
  

Direct	
  medical	
  costs:	
  
*	
  average:	
  US$0.1-­‐0.7	
  million	
  /year	
  
*	
  long	
  las&ng:	
  >US$1.0	
  million	
  
•  future	
  es&mated	
  cost	
  (model):	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2.0	
  –	
  24.0	
  million/year	
  

Karenia	
  brevis	
  blooms	
  or	
  “Florida	
  red	
  $des”	
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Karenia	
  brevis	
  blooms	
  

Ø  Aerosolized	
  Florida	
  red	
  &de	
  toxins	
  offer	
  many	
  opportuni&es	
  to	
  conduct	
  
interdisciplinary,	
  synergis&c	
  research.	
  

Ø  More	
  than	
  30	
  years	
  of	
  research	
  characterizing	
  the	
  K.	
  brevis	
  organism	
  and	
  brevetoxins.	
  
Costly	
  ini&a&ve,	
  coordina&on	
  of	
  physicians,	
  toxicologists,	
  ecologists,	
  stakeholders	
  and	
  
end-­‐users.	
  

Ø  When	
  the	
  neurologic	
  ac&vi&es	
  of	
  brevetoxins	
  were	
  iden&fied,	
  researchers	
  began	
  to	
  
understand	
  the	
  neurophysiology	
  and	
  the	
  mechanisms	
  of	
  ac&ons	
  of	
  the	
  sodium	
  
channels	
  in	
  nerve	
  cells.	
  

Ø  Advances	
  in	
  molecular	
  biochemistry:	
  isola&on	
  of	
  the	
  toxin.	
  

Ø  Rela&onships	
  between	
  the	
  presence	
  of	
  K.	
  brevis	
  and	
  brevetoxins	
  in	
  marine	
  ecosystems	
  
and	
  the	
  genera&on	
  of	
  toxin-­‐containing	
  aerosols	
  at	
  the	
  seawater–air	
  interface.	
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Within	
  the	
  last	
  5	
  years,	
  these	
  collabora&ve	
  efforts	
  have	
  resulted	
  in	
  
	
  
a)	
  iden&fica&on	
  of	
  brevenal,	
  a	
  new	
  brevetoxin	
  antagonist	
  elaborated	
  by	
  K.	
  brevis	
  itself;	
  	
  
	
  
b)	
  development	
  of	
  a	
  highly	
  sensi&ve	
  brevetoxin	
  ELISA,	
  as	
  well	
  as	
  refinement	
  of	
  exis&ng	
  
analy&cal	
  techniques,	
  applicable	
  to	
  mul&ple	
  substrates;	
  
	
  
c)	
  characteriza&on	
  of	
  the	
  par&cle	
  size	
  distribu&on	
  of	
  the	
  Florida	
  red	
  &de	
  aerosol;	
  
	
  
d)	
  measurement	
  of	
  complex	
  mixtures	
  of	
  brevetoxin	
  levels	
  in	
  ambient	
  and	
  personal	
  
breathing	
  zone	
  air;	
  
	
  
e)	
  explora&on	
  of	
  acute	
  and	
  chronic	
  effects	
  of	
  the	
  Florida	
  red	
  &de	
  aerosols	
  in	
  rodent	
  
models	
  and	
  in	
  an	
  asthma&c	
  sheep	
  model;	
  
	
  
f	
  )	
  expansion	
  of	
  the	
  understanding	
  of	
  the	
  toxicology	
  and	
  physiology	
  of	
  the	
  brevetoxins;	
  
	
  
g)	
  ini&al	
  evalua&on	
  of	
  self-­‐reported	
  symptoms	
  and	
  objec&ve	
  measurements	
  of	
  
physiologic	
  respiratory	
  changes	
  in	
  humans	
  with	
  recrea&onal	
  and	
  occupa&onal	
  
exposures;	
  
	
  
h)	
  ini&al	
  iden&fica&on	
  of	
  readily	
  available	
  medica&ons	
  to	
  prevent	
  and/or	
  treat	
  the	
  
effects	
  of	
  exposure	
  to	
  the	
  Florida	
  red	
  &de	
  aerosols	
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Harmful	
  Algae	
  9:186-­‐189.	
  2010.	
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The	
  case	
  study	
  here	
  
demonstrates	
  the	
  
unique	
  value	
  of	
  an	
  
integrated	
  coastal	
  ocean	
  
observing	
  
system	
  in	
  studying	
  
harmful	
  algal	
  blooms	
  
(HABs).	
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The	
  interdisciplinary	
  synergy	
  within	
  the	
  red	
  $de	
  research	
  group	
  has	
  generated	
  
considerable	
  progress	
  in	
  understanding	
  the	
  exposures	
  and	
  poten$al	
  impacts	
  of	
  
Florida	
  red	
  $de	
  aerosols.	
  
	
  
We	
  are	
  advancing	
  toward	
  our	
  goals:	
  
	
  
1)	
  understanding	
  whether	
  exposure	
  to	
  these	
  aerosols	
  represents	
  a	
  public	
  health	
  
threat	
  beyond	
  the	
  nuisance	
  eye,	
  nose,	
  and	
  throat	
  irrita&on,	
  and	
  determining	
  
whether	
  people	
  who	
  have	
  underlying	
  respiratory	
  condi&ons	
  such	
  as	
  asthma,	
  
should	
  take	
  special	
  precau&ons	
  when	
  visi&ng	
  the	
  beach	
  during	
  a	
  red	
  &de.	
  
	
  
2)	
  Integra&ng	
  this	
  research	
  program	
  with	
  ongoing	
  oceanographic	
  monitoring	
  and	
  
modeling	
  will	
  help	
  to	
  establish	
  Florida	
  red	
  &de	
  early	
  warning	
  systems	
  to	
  mi$gate	
  
or	
  even	
  prevent	
  exposure	
  in	
  suscep$ble	
  human	
  popula$ons	
  (both	
  residents	
  and	
  
tourists).	
  
	
  
3)	
  Finally,	
  even	
  though	
  we	
  have	
  specifically	
  applied	
  the	
  exper&se	
  in	
  this	
  research	
  
program	
  to	
  inves&gate	
  Florida	
  red	
  &de	
  aerosols,	
  our	
  approach	
  is	
  a	
  model	
  for	
  the	
  
study	
  of	
  other	
  HAB-­‐related	
  toxins	
  and	
  for	
  other	
  aerosolized	
  environmental	
  
contaminants.	
  



Mul&disciplinary	
  studies	
  on	
  Ostreopsis	
  in	
  the	
  Mediterranean:	
  
•  MediOs	
  –	
  France	
  (Lemée	
  et	
  al.	
  2008-­‐2010)	
  
•  EBITOX	
  project	
  (Vila,	
  Franco,	
  Riobó;	
  2009-­‐2011)	
  
•  RAMOGE	
  (on	
  going)	
  Monaco,	
  France,	
  Italy,	
  Spain	
  

Interac$ons	
  between	
  scien$st,	
  managers	
  and	
  policy	
  makers	
  in	
  the	
  
framework	
  of	
  the	
  French	
  MediOs	
  project	
  	
  on	
  Ostreopsis	
  
(2008-­‐2010)	
  

Ostreopsis	
  blooms	
  



Mul&disciplinary	
  studies	
  on	
  Ostreopsis	
  in	
  the	
  Mediterranean:	
  
•  MediOs	
  –	
  France	
  (Lemée	
  et	
  al.	
  2008-­‐2010)	
  
•  EBITOX	
  project	
  (Vila,	
  Franco,	
  Riobó;	
  2009-­‐2011)	
  
•  RAMOGE	
  (on	
  going)	
  Monaco,	
  France,	
  Italy,	
  Spain	
  

Ostreopsis	
  blooms	
  



Ostreopsis	
  blooms	
  



Ostreopsis	
  blooms	
  



Informa&ve	
  brochure	
  
In	
  Italian,	
  French,	
  Catalan	
  and	
  Spanish	
  

Ostreopsis	
  blooms	
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•  Informa&ve	
  video	
  
•  In	
  Italian,	
  French,	
  Catalan	
  and	
  Spanish	
  
•  In	
  collabora&on	
  with	
  M3-­‐HAB	
  project	
  (next	
  presenta&on	
  by	
  Rodolphe	
  Lemée)	
  

Ostreopsis	
  blooms	
  



39	
  

The	
  OstreoRisk	
  project	
  (CTM2014-­‐53818-­‐R):	
  
a	
  mul$disiciplinary	
  approach	
  to	
  understand	
  the	
  impacts	
  
on	
  human	
  health	
  of	
  the	
  Ostreopsis	
  cf.	
  ovata	
  blooms	
  	
  

Sant	
  Andreu	
  de	
  Llavaneres,	
  
July	
  2014	
  

Ostreopsis	
  blooms	
  



“Improve	
  predic&on	
  of	
  HABs	
  by	
  determining	
  the	
  ecological	
  and	
  oceanographic	
  
mechanisms	
  underlying	
  their	
  popula&on	
  dynamics,	
  integra&ng	
  biological,	
  chemical,	
  
and	
  physical	
  studies	
  supported	
  by	
  enhanced	
  observa&on	
  and	
  modelling	
  
techniques.”	
  GEOHAB	
  Science	
  Plan,	
  p.	
  iv	
  

Overall	
  Scien$fic	
  Goal	
  of	
  GEOHAB:	
  

The	
  mission	
  of	
  GEOHAB	
  is	
  to:	
  
	
  
Foster	
  interna&onal	
  co-­‐opera&ve	
  
research	
  on	
  HABs	
  in	
  ecosystem	
  types	
  
sharing	
  common	
  features,	
  comparing	
  
the	
  key	
  species	
  involved	
  and	
  the	
  
oceanographic	
  processes	
  that	
  
influence	
  their	
  popula&on	
  dynamics	
  

Available	
  tools.	
  Interna$onal	
  Coordina$on	
  
Global Ecology & Oceanography of  

Harmful Algal Blooms 
The	
  GEOHAB	
  programme	
  (1998-­‐2013) 
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Management	
  
&	
  Mi$ga$on	
  

GEOHAB	
  SCIENCE	
  PLAN	
  –	
  KEY	
  ELEMENTS	
  

The	
  approach	
  of	
  the	
  GEOHAB	
  Programme	
  is	
  compara&ve,	
  from	
  the	
  cellular	
  to	
  the	
  
ecosystem	
  level.	
  This	
  approach	
  is	
  based	
  on	
  the	
  view	
  that	
  the	
  ecology	
  and	
  oceanography	
  
of	
  HABs	
  can	
  best	
  be	
  understood	
  through	
  the	
  study	
  of	
  causa&ve	
  organisms	
  and	
  affected	
  
systems	
  in	
  rela&on	
  to	
  comparable	
  species	
  and	
  systems.	
  



Some GEOHAB products 

Core Research Programmes: 

   - Upwelling 

   - Eutrophic systems 

   - Stratified Systems 

   - Fjords & Coastal Embayments 

   - Benthic HABs 

Regional Programme 

   - Asia   



Framework Activities: 

 - Intl. Coordination 

 - Modeling 

 - Observation systems 

 - Capacity Building 

 - Remote Sensing 

 - Outreach 

 

GEOHAB CORE RESEARCH PROJECT:
HABs IN STRATIFIED SYSTEMS

“Advances and challenges for understanding physical-biological 
interactions in HABs in Stratified Environments”

A Workshop Report

Akashiwo sanguinea

20 µm





GEOHAB	
  –	
  Summary	
  
for	
  Policy	
  Makers	
  

•  HABs	
  result	
  from	
  noxious	
  and/or	
  toxic	
  algae	
  that	
  cause	
  
direct	
  and	
  indirect	
  nega&ve	
  impacts	
  to	
  aqua&c	
  ecosystems,	
  
coastal	
  resources,	
  and	
  human	
  health.	
  

•  HABs	
  are	
  present	
  in	
  nearly	
  all	
  aqua&c	
  environments	
  as	
  
naturally	
  occurring	
  phenomena.	
  

•  Many	
  HABs	
  are	
  increasing	
  in	
  severity	
  and	
  frequency,	
  and	
  
biogeographical	
  range.	
  Some	
  of	
  this	
  expansion	
  is	
  a\ributed	
  
to	
  climate	
  change	
  and	
  global	
  change.	
  

•  Research	
  has	
  improved	
  understanding,	
  leading	
  to	
  be\er	
  
predic&on	
  and	
  monitoring,	
  and	
  poten&ally,	
  mi&ga&on.	
  

•  HABs	
  are	
  a	
  worldwide	
  phenomenon	
  requiring	
  interna&onal	
  
understanding	
  leading	
  ul&mately	
  to	
  local	
  and	
  regional	
  
solu&ons.	
  

•  HABs	
  must	
  be	
  integrated	
  with	
  policy	
  decisions.	
  



GEOHAB: Past, Present, Future 
Open Science Meeting, Paris 2013 

“We all came to Paris because we recognize a fundamental 
problem (HABs), and cannot solve this problem in our individual 
laboratories. This requires an international approach.” 
 



GEOHAB	
  Synthesis	
  	
  

!"#$%&'()*+,-./.'#0-*'
(1/-*1-'2--3*4'
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Main	
  successful	
  aspects	
  of	
  GEOHAB:	
  
•  establish	
  and	
  sustain	
  global	
  research	
  
groups	
  on	
  core	
  research	
  topics,	
  sound	
  
science	
  leading	
  to	
  be\er	
  understanding	
  
and	
  predic&on	
  of	
  HABs;	
  

•  OSMs,	
  Reports,	
  and	
  Workshops:	
  
HabWatch,	
  Modeling	
  Workshop;	
  

•  endorsing	
  process;	
  
•  sponsorship	
  of	
  framework	
  ac&vi&es:	
  

technology	
  development,	
  capacity	
  
building,	
  and	
  training	
  of	
  young	
  scien&sts	
  

The	
  GEOHAB	
  Science	
  Plan	
  (GEOHAB,	
  2001):	
  
a	
  solid	
  basis	
  for	
  another	
  ten	
  years	
  of	
  HAB	
  research.	
  



GEOHAB	
  Synthesis	
  	
  

	
  
•  GlobalHAB:	
  

	
  -­‐	
  new	
  structures	
  and	
  mechanisms	
  defined	
  with	
  clear	
  goals,	
  
of	
  rela&vely	
  short	
  dura$on,	
  

	
  
	
  -­‐	
  able	
  to	
  produce	
  useful	
  documents	
  for	
  a	
  broad	
  scien$fic	
  
community	
  and	
  the	
  society,	
  

	
  
	
  -­‐	
  include	
  new	
  strategic	
  research	
  targets	
  and	
  approaches	
  
non	
  present	
  in	
  the	
  former	
  GEOHAB,	
  such	
  as:	
  



Ø  HABs	
  Management	
  and	
  Mi$ga$on	
  
Ø  Beher	
  Oceans	
  and	
  Human	
  Health	
  

HABs	
  are	
  a	
  worldwide	
  phenomenon	
  requiring	
  interna$onal	
  
understanding	
  leading	
  ul$mately	
  to	
  local	
  and	
  regional	
  solu$ons	
  

	
  Biodiversity	
  &	
  Biogeography	
  

Nutrients	
  &	
  Eutrophica&on	
  

Adap&ve	
  Strategies	
  

Compara&ve	
  Ecosystems	
  

Observa&on,	
  Modelling	
  
and	
  Predic&on	
  

1998-­‐2013	
  

Emerging	
  Toxins	
  &	
  BHABs	
  

Epidemiology	
  

Economic	
  impacts	
  

Links	
  with	
  aquaculture	
  

New	
  Integrated	
  policies	
  

Climate	
  Change	
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2016-­‐2025	
  



	
  MISSION	
  
GlobalHAB	
  will	
  address	
  the	
  science	
  and	
  societal	
  challenges	
  of	
  HABs,	
  
including	
  the	
  environmental,	
  human	
  health	
  and	
  economic	
  impacts,	
  in	
  a	
  
rapidly	
  changing	
  world.	
  
	
  	
  
GH	
  will	
  consolidate	
  linkages	
  with	
  broader	
  scien&fic	
  fields	
  and	
  other	
  regional	
  
and	
  interna&onal	
  ini&a&ves	
  relevant	
  to	
  HABs.	
  
	
  	
  
GH	
  will	
  foster	
  the	
  development	
  and	
  adop&on	
  of	
  advanced	
  technologies.	
  
	
  	
  
GH	
  will	
  promote	
  training,	
  capacity	
  building	
  and	
  communica&on	
  of	
  HAB	
  
research	
  to	
  society.	
  	
  
	
  	
  
GlobalHAB	
  will	
  be	
  the	
  liaison	
  between	
  the	
  scien&fic	
  community,	
  
stakeholders	
  and	
  policy	
  makers,	
  informing	
  science	
  based	
  decision	
  making.	
  

GOAL	
  
To	
  improve	
  understanding,	
  predic1on,	
  management	
  and	
  mi1ga1on	
  of	
  
HABs	
  in	
  aqua1c	
  ecosystems.	
  
	
  



Interac>on	
  with	
  interna>onal	
  programmes	
  that	
  
have	
  HAB	
  research	
  as	
  a	
  term	
  of	
  reference	
  is	
  
fundamental	
  for	
  the	
  success	
  of	
  GlobalHAB	
  

GEO/Blue	
  
Planet	
  

IOCCG	
  

Future	
  
Earth	
  

IMBER	
  

Interna&onal	
  
programmes	
  

SCOR	
   IOC	
  IPHAB	
  

GEOHAB	
  
Asia	
  

CEO-­‐
HAB	
  

US-­‐HAB	
  

PICES	
  

ICES	
  

CIESM?	
  

Other?	
  

Interna&onal	
  
organiza&ons	
  

ISSHA	
  

Other?	
  

GOOS	
  

Regional	
  
programmes	
  

IAEA?	
   EURO
-­‐HAB	
  



Banas,	
  Neil	
   UK	
   Modeling	
  

Berdalet,	
  Elisa	
  	
   Spain	
   BHAB,	
  Human	
  Health	
  

Burford,	
  Michele	
  	
   Australia	
   Freshwater,	
  CyanoHABs	
  

Davidson,	
  Keith	
   UK	
   Modelling,	
  Economy	
  

Gobler,	
  Chris	
  	
   US	
   Ecophysiology,	
  Acidifica&on	
  

Karlson,	
  Bengt	
  	
   Sweden	
   Brackish,	
  Observa&on	
  

Kudela,	
  Raphe	
  	
   US	
  /	
  GOOS	
   Climate	
  Change	
  

Lim,	
  Po	
  Teen	
  	
   Malaysia	
   Toxins	
  

Mackenzie,	
  Lincoln	
   New	
  Zealand	
   Aquaculture	
  

Montresor,	
  Marina	
  	
   Italy	
   Biodiversity,	
  taxonomy	
  

Yin,	
  Kedong	
  	
   China	
   Eutrophica&on,	
  &me	
  series	
  

Bresnan,	
  Eileen	
   ICES-­‐WGHABD	
  

Trainer,	
  Vera	
   ISSHA,	
  PICES	
  

Usup,	
  Gires	
   IPHAB	
  

Enevoldsen,	
  Henrik	
   IOC-­‐UNESCO	
  

Urban,	
  Ed	
   SCOR	
  

Scien$fic	
  Steering	
  Commihee	
  Mee$ng,	
  Oban,	
  7-­‐9	
  March,	
  2016	
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Ac>ve	
  involvement	
  of	
  the	
  scien>fic	
  community	
  
studying	
  HABs	
  is	
  fundamental	
  for	
  the	
  success	
  of	
  
GlobalHAB	
  



Science	
  
-­‐	
  fundamental	
  research	
  
-­‐	
  monitoring	
  
-­‐	
  improve	
  predictability	
  

Socie$es	
  (in	
  plural!):	
  
-­‐  Communica$on	
  
-­‐  Iden$fy	
  (local)	
  needs	
  

and	
  problems	
  
-­‐  Jointly	
  find	
  strategies	
  

Policy	
  makers	
  
-­‐	
  preven$on	
  policies	
  
-­‐	
  mi$ga$on	
  plans	
  

Preven&on	
  
Mi&ga&on	
  
of	
  Impacts	
  	
  

	
  	
  



We	
  need	
  HABs-­‐ac&vists!	
  
Do	
  you	
  join	
  GlobalHAB?	
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Thanks	
  for	
  your	
  a\en&on!!!	
  


