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The	
  eastern	
  South	
  Pacific	
  exhibits	
  intense	
  
hydrographic,	
  biogeochemical,	
  and	
  ecological	
  
gradients	
  from	
  the	
  highly	
  produc;ve	
  Humboldt	
  
Current	
  System	
  (HCS)	
  waters	
  to	
  the	
  highly	
  
oligotrophic	
  South	
  Pacific	
  Subtropical	
  Gyre	
  waters.	
  

Mesoscale	
  eddies	
  populate	
  the	
  
HCS	
  and	
  connect	
  coastal	
  
upwelling	
  with	
  offshore	
  
oligotrophic	
  waters,	
  and	
  the	
  
meso-­‐	
  and	
  epipelagic	
  realms.	
  	
  



Coastal-­‐ocean	
  exchanges,	
  and	
  one	
  of	
  the	
  major	
  Oxygen	
  Minimum	
  
Zones	
  (OMZs)	
  in	
  the	
  oceans	
  (low	
  O2/low	
  pH	
  waters).	
  	
  
	
  

Natural	
  laboratories	
  for	
  studying	
  ocean	
  func;oning	
  and	
  predic;ng	
  
how	
  future	
  ocean	
  ecosystems	
  might	
  respond	
  to	
  global	
  change.	
  



Most	
  rivers	
  in	
  Chile	
  are	
  rela;vely	
  short,	
  born	
  in	
  the	
  
Andes	
  and	
  discharge	
  their	
  waters	
  through	
  estuaries,	
  
or	
  directly	
  in	
  the	
  coast.	
  

Rivers	
  represent	
  an	
  
important	
  DIC	
  source	
  to	
  
coastal	
  ocean,	
  as	
  a	
  result	
  
of	
  rock	
  weathering	
  and	
  
respira;on	
  of	
  terrestrial	
  
OM	
  (natural	
  and	
  /or	
  
anthropogenic),	
  and	
  river	
  
plumes	
  area	
  can	
  be	
  CaCO3	
  
subsaturated.	
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What	
  role	
  does	
  freshwater	
  and	
  
upwelling	
  of	
  corrosive	
  waters	
  play	
  in	
  
carbon	
  biogeochemistry	
  and	
  local	
  
acidifica%on	
  dynamic	
  in	
  a	
  river-­‐
influenced	
  coastal	
  upwelling	
  area?	
  

Suite	
  of	
  variables:	
  
•  Temperature,	
  salinity,	
  conduc4vity	
  

• Nutrients,	
  Oxygen	
  
• Pigments	
  and	
  plankton	
  biomass	
  

• pH,	
  DIC,	
  δ13C-­‐DIC	
  

River	
  Ocean	
  

20	
  nm	
  



§ 	
  Runoff	
  can	
  produce	
  
local	
  acidifica;on	
  
events.	
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§ 	
  River	
  plume	
  area	
  
might	
  experience	
  high	
  
CO2	
  outgassing.	
  

§ 	
  Different	
  DIC	
  sources	
  
as	
  evidenced	
  by	
  isotope	
  
signature.	
  

§ 	
  Subsatura;on	
  of	
  CaCO3	
  
(Ω	
  <	
  1)	
  in	
  the	
  coastal	
  
domain.	
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Different	
  river-­‐plume	
  dynamic	
   Different	
  land-­‐uses	
   Different	
  carbon	
  chemistry	
  both	
  in	
  the	
  
river	
  and	
  river-­‐influenced	
  coastal	
  areas	
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Low	
  pH	
  and	
  high	
  pCO2,freshwater	
  resul4ng	
  
from	
  	
  respir4on	
  of	
  organic	
  maZer	
  and	
  rock	
  weathering	
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Página	
  web:	
  
hZp://www.eula.cl/anillos_acidificación	
  



pCO2	
  at	
  Atm,	
  750	
  and	
  1200	
  µatm	
  



Chemosphere 90: 1242–1248 , Navarro et al. 2013 

My$lus	
  chilensis	
   Concholepas	
  concholepas	
  

Journal of Plankton Research 35: 1059–1068 , Vargas et al. 2013 



	
  
	
  
	
  
EC	
  
	
  
	
  

Navarro	
  et	
  al.	
  2013.	
  Chemosphere	
  

ü  	
  Growing	
  interac;ons	
  with	
  
other	
  users	
  and	
  willing	
  to	
  grow	
  

and	
  develop	
  under	
  the	
  
principles	
  of	
  sustainable	
  

development.	
  	
  

ü The	
  aquaculture	
  is	
  already	
  
experiencing	
  effects	
  of	
  mul;ple	
  

environmental	
  and	
  anthropogenic	
  
stressors	
  

e.g.	
  Seed	
  mussel	
  produc;on,	
  
scallop	
  larval	
  mortality	
  





§  Individuals	
  from	
  two	
  different	
  popula;ons	
  
respond	
  differently	
  to	
  changes	
  in	
  pH	
  and/or	
  
pCO2,	
  which	
  can	
  be	
  associated	
  with	
  different	
  life	
  
histories	
  of	
  exposure	
  to	
  low	
  pH.	
  

Estuaries & Coasts, Duarte et al. 2014 



Estuaries & Coasts, Vargas et al. 2014 

ANTOFAGASTA                 LAS CRUCES                     CALFUCO 

Ω= 1.9 Ω= 0.7 Ω= 1.2 

Planktonic	
  larvae	
  of	
  C.	
  concholepas	
  capsules	
  from	
  
different	
  locali;es,	
  respond	
  differently	
  to	
  high	
  pCO2.	
  

Environmental	
  life	
  history	
  of	
  exposi;on	
  to	
  different	
  pH	
  
levels	
  in	
  nature.	
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PRESENT-­‐DAY	
   MEDIUM	
   HIGH	
  

1.	
  Hatching	
  ;me	
  
2.	
  Hatching	
  success	
  
3.	
  Early	
  survival	
  
4.	
  Larval	
  size	
  at	
  hactching	
  
5.	
  Shell	
  ;ckness	
  at	
  hatching	
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Carbonate	
  budget,	
  secondary	
  produc4on	
  and	
  CO2	
  fluxes	
  in	
  inter4dal	
  
barnacles	
  experiencing	
  natural	
  variability	
  in	
  Temperature	
  and	
  Ocean	
  

Acidifica4on	
  along	
  the	
  Southeastern	
  Pacific	
  Coastal	
  Ecosystems	
  
	
  

NELSON	
  A.	
  LAGOS	
  (FONDECYT	
  1040938;	
  2014-­‐2017)	
  

Topics:	
  
-­‐	
  Carbonate	
  produc;on	
  	
  and	
  shell	
  cycling	
  in	
  upwelling	
  ecosystems	
  	
  
-­‐	
  Benthic	
  ecosystems	
  as	
  CO2	
  sources.	
  
-­‐	
  Inter;dal	
  carbon	
  budget	
  and	
  cycling	
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Primary producers 

zooplankton 

fishes 

bivalves 



Dr. Bárbara Jacob 
PostDoc LAFE 

Skeletonema	
  pseudocostatum	
  



Mean	
  photosynthe;c	
  rate	
  
was	
  51%	
  higher	
  at	
  
ambient	
  pCO2	
  levels	
  

compared	
  to	
  1200	
  μatm.	
  

Mean	
  respira;on	
  rate	
  was	
  
38%	
  higher	
  at	
  ambient	
  

pCO2	
  condi;ons.	
  



Increasing	
  DOC	
  produc;on	
  
to	
  higher	
  pCO2	
  levels,	
  

suggests	
  an	
  stressor	
  effect	
  
on	
  the	
  algae.	
  

Lower	
  content	
  of	
  PUFA	
  and	
  
HUFA	
  fahy	
  acids,	
  in	
  diatoms	
  
exposed	
  to	
  high	
  pCO2	
  levels.	
  



Estuarine	
  ecosystems	
  
represent	
  a	
  natural	
  

laboratory	
  for	
  OA	
  studies.	
  
	
  

High	
  flux	
  of	
  organic	
  
maher,	
  high	
  nutrient,	
  low	
  

pH/high	
  pCO2	
  
environment.	
  

	
  
Many	
  popula;ons	
  

retained	
  in	
  ;dal	
  fronts	
  
inhabi;ng	
  a	
  corrosive	
  

environment	
  (tolerance	
  to	
  
OA?)	
  



As	
  many	
  estuarine	
  system	
  
worldwide,	
  brackish	
  waters	
  

are	
  characterized	
  by	
  low	
  pH	
  (<	
  
7.8),	
  high	
  pCO2	
  (>	
  700	
  µatm)	
  
and	
  CaCO3	
  subsatura;on	
  (Ω).	
  

Inner estuary 

High	
  respira;on/low	
  produc;on	
  
in	
  the	
  inner	
  estuarine	
  zone,	
  

results	
  in	
  high	
  pCO2.	
  



Experiments	
  with	
  natural	
  
phyto-­‐assemblages	
  from	
  
brackish	
  high	
  pCO2	
  waters	
  
did	
  not	
  experience	
  changes	
  
in	
  community	
  structure	
  and	
  
photosynthe;c	
  rate	
  under	
  
high	
  pCO2	
  lab	
  condi;ons	
  
(800	
  µatm).	
  
	
  
Similar	
  experiments	
  will	
  be	
  
carried	
  out	
  with	
  upwelling	
  
and	
  open	
  ocean	
  
phytoplankton	
  
communi;es.	
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Ehux-%-low
Ehux-%-mod
Ehux-%-high

Ehux-%-low
Ehux-%-mod
Ehux-%-high

Heavy	
  
calcified	
  
forms	
  
dominant	
  in	
  
upwelling	
  

E.	
  huxleyi	
  low	
  calcified	
  
E.	
  huxleyi	
  moderately	
  calcified	
  
E.	
  huxleyi	
  high	
  calcified	
  

§  Emiliania	
  huxleyi	
  high-­‐calcified	
  
forms	
  dominate	
  in	
  high	
  pCO2	
  
environments	
  



Submitted to PLOS One, Aguilera et al. 2014 

Local	
  popula;ons	
  of	
  
estuarine	
  environments	
  (low	
  
pH),	
  respond	
  beher	
  when	
  
exposed	
  to	
  high	
  levels	
  of	
  
CO2	
  (1200	
  μatm	
  CO2).	
  

pCO2= 1200 ppm 

estuary	
  

ocean	
  

Valdivia	
  River	
  Estuary	
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INDUSTRY + MUSELS 

Observa4on	
  
•  Monitoring	
  
•  pH,O2,	
  T°,	
  salinity	
  
•  Nutrients	
  
•  Pollutants	
  

Experimenta4on	
  
• 	
  Lab	
  experiment	
  

• 	
  Tolerance	
  
• 	
  Physiological	
  

Human	
  Dimension	
  
• 	
  Focus	
  groups	
  

• 	
  Mental	
  models	
  
• Economic	
  valua4on	
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§  Some farming areas 
with low salinity and 
lower pH. 

§  Mayor DIC does not 
necessarily coincide 
with areas of low pH. 
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•  Temperature does not have a 
negative effect on calcification 
rates or growth, but individuals 
are not able to overcome the 

negative effects of increased CO2 
and low pH 
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§  Temperature	
  had	
  an	
  important	
  
effect	
  on	
  the	
  rate	
  of	
  calcifica;on	
  
and	
  growth	
  (buoyant	
  weight),	
  but	
  
no	
  nega;ve	
  effect	
  of	
  high	
  pCO2/

low	
  pH	
  was	
  observed..	
  

pH=	
  8.0	
   pH=	
  7.6	
  
Juvenile	
  individuals(3.5	
  
mm	
  LT)	
  from	
  northern	
  

Chile	
  exposed	
  for	
  20	
  days	
  
at	
  two	
  levels	
  of	
  pCO2	
  and	
  

temperature.	
  



Fondecyt	
  1195069	
  	
  
Impact	
  of	
  freshwater	
  discharges	
  in	
  the	
  carbonate	
  
system	
  of	
  a	
  river-­‐influenced	
  cosastal	
  upwelling	
  area	
  
	
  
Proyecto	
  Anillos	
  ACT132	
  
Ocean	
  Acidifica;on	
  impact	
  on	
  commercial	
  
invertebrate	
  species	
  along	
  Chilean	
  coasts	
  

Fondecyt 1130254 (2013 – 2017) 
The combined effect of OA and corrosive 
acidified coastal waters for plankton 
productivity (COA-CAP) 

Iniciativa Científica Milenio (ICM) (2014-2017) 
Center for the Study of Multiple-Drivers on 
Marine Socio-Ecological Systems (MUSELS) 
NC120086 
OA impact on shellfish farming industry 

Iniciativa Científica Milenio (ICM) (2014 – 2023) 
Millennium Institute of Oceanography (IMO) 
IC120019 
OA impact on key plankton functional groups in 
oceanic environments 



Millennium	
  Ins4tute	
  of	
  Oceanography	
  

University	
  of	
  Concepción	
  
Concepción,	
  Chile	
  

The	
  new	
  millennium	
  Ins4tute	
  of	
  
Oceanography	
  in	
  Chile	
  	
  

	
  Blue	
  Water	
  challenges	
  on	
  the	
  Eastern	
  South	
  Pacific	
  Ocean	
  	
  
-­‐Research	
  plan	
  2014	
  to	
  2023-­‐ 



Millennium	
  Ins4tute	
  of	
  Oceanography	
  

With	
  the	
  objec$ve	
  of	
  leading	
  explora$on	
  of	
  the	
  

southeastern	
  Pacific	
  Ocean,	
  IMO	
  has	
  a	
  strong	
  component	
  

of	
  na$onal	
  and	
  interna$onal	
  collabora$on	
  and	
  currently	
  

is	
  planning	
  diverse	
  oceanographic	
  expedi$ons	
  oriented	
  to	
  

discovery	
  and	
  proving	
  hypothesis	
  on	
  board	
  the	
  new	
  

Chilean	
  research	
  vessel	
  ”Cabo	
  de	
  Hornos”.	
  

	
  



New	
  Oceanographic	
  Vessel	
  



Millennium	
  Ins4tute	
  of	
  Oceanography	
  

Mesoescale	
  
Processes	
  

Oceanic	
  Variability	
  

The	
  Deep	
  Ocean	
  

What is the role of mesoescale activity (e.g. 
eddies) in the dynamics of the open ocean? 

How planetary-scale perturbations impact 
the properties and functioning of the South 
Pacific? 

What are the structures of communities 
and the biogeochemical characteristics 
of deep and abyssal waters? 

Adapta%ons	
  to	
  a	
  
Changing	
  Ocean	
  

How key organisms of the marine 
ecosystem become adapted to chemical 
changes going on (e.g. low O2/pH)? 



IMO	
  Expedi;ons	
  for	
  the	
  next	
  years	
  Research	
  Plan	
  2015	
  -­‐	
  2023	
  





Researchers	
   Field	
  work	
   Main	
  research	
  themes	
  
Dr.	
  Víctor	
  Aguilera	
   Biologist/

Oceanographer	
  
OA	
  impact	
  on	
  copepod	
  popula;ons	
  
	
  
	
  

Dr.	
  Cris%an	
  Duarte	
   Ecologist/Biologist	
   OA	
  and	
  mul;ple	
  stressors	
  on	
  gastropods	
  and	
  bivalves	
  
	
  
	
  

Dr.	
  Stefan	
  Gelcich	
   Ecologist/
Sociologist	
  

OA	
  impact	
  on	
  socio-­‐ecological	
  systems	
  
	
  
	
  

Dr.	
  Nelson	
  Lagos	
   Benthic	
  ecologist	
   OA	
  impact	
  on	
  calcifica;on	
  and	
  physiological	
  traits	
  in	
  
mollusks	
  
	
  

Dr.	
  Marco	
  Lardies	
   Ecophysiologist	
   OA	
  impact	
  on	
  life	
  history-­‐traits,	
  ecophysiology	
  in	
  
mollusks	
  and	
  crabs	
  
	
  

Dr.	
  Patricio	
  Manríquez	
   Benthic	
  ecologist	
   OA	
  impact	
  on	
  physiological	
  traits	
  and	
  behaviour	
  in	
  
gastropods	
  and	
  seaurchin	
  
	
  

Dr.	
  Rodrigo	
  Torres	
   Oceanographer	
   Inorganic	
  carbon	
  chemistry	
  in	
  kord	
  ecosystems	
  
	
  
	
  

Dr.	
  Cris%an	
  A.	
  Vargas	
   Oceanographer	
   Carbon	
  biogeochemistry	
  in	
  coastal	
  and	
  open	
  ocean	
  and	
  
OA	
  impact	
  on	
  larval	
  stages	
  of	
  marine	
  invertebrates,	
  and	
  
phyto-­‐	
  &	
  zooplankton	
  
	
  

Dr.	
  Peter	
  von	
  Dasow	
   Oceanographer	
   OA	
  and	
  Life	
  cycles,	
  evolu;on	
  and	
  genomic	
  of	
  
cocolitophores.	
  
	
  



§  Implementa;on	
  of	
  measurement	
  
techniques	
  for	
  Total	
  Alkalinity	
  (TA)	
  
and	
  poten;ometric	
  and	
  
spectrophotometric	
  pH.	
  

§  Use	
  of	
  reference	
  material	
  
(Dr.	
  Andrew	
  Dickson,	
  Scripps	
  Ins$tu$on	
  of	
  
Oceanography)	
  
1.	
  HCl	
  0.1	
  N	
  	
  
2.	
  TRIS	
  Buffer	
  Solu$on	
  for	
  pH	
  
3.	
  Reference	
  Material	
  for	
  CO2	
  Measurements	
  

§  Precision	
  levels:	
  
pH 	
   	
   	
  =	
  0.010	
  
Alkalinity	
  	
  =	
  2	
  -­‐	
  3	
  µmol	
  kg	
  seawater	
  
Ωaragonite 	
   	
  =	
  0.012	
  



§  Currently, there are two micro/mesocosm facilities, one located in 
southern Chile, in the Coastal Station Calfuco, and another one at 
the Marine Biology Station at Dichato in Concepción.  

§  In the near future a micro/mesocosm within the industry (i.e. in a 
hatchery for scallops) at northern Chile will implemented. 



Three moorings along Chilean coast for pH monitoring: 
WQS-WETLabs: Temperature, salinity, oxygen, chlorophyll & turbidity 
SEAFET: pH 

Caldera 

Tongoy 

Chiloé 



Other	
  main	
  problems/issues	
  become	
  
evident	
   for	
   different	
   regions	
   during	
  
previous	
  mee;ngs	
  are:	
  
1.  There	
   is	
   no	
   uniformity	
   and	
   standards	
  

appropriate	
   for	
   pH	
   and	
   alkalinity	
  
measurements	
   that	
   makes	
   available	
  
reliable	
  es$mates	
  of	
  pCO2	
  and	
  Omega.	
  

2.  In	
  some	
  countries,	
  there	
  are	
  no	
  facili$es	
  and	
  
exper$se	
   for	
   CO2–system	
  manipula$on,	
   for	
  
the	
   realiza$on	
   of	
   experiments	
   with	
   local	
  
species.	
  

3.  Although	
  there	
  some	
  local	
  ini$a$ves	
  in	
  some	
  
countries,	
  	
  there	
  are	
  no	
  standards	
  for	
  
appropriate	
  monitoring	
  programs	
  and	
  $me	
  
series	
  of	
  carbonate	
  system,	
  through	
  both	
  
autonomous	
  and/or	
  manual	
  protocols.	
  

Workshop	
  “Ocean	
  Acidifca$on:	
  
Research	
  in	
  the	
  Chile-­‐Perú	
  coastal	
  
upwelling	
  system”,	
  9-­‐10	
  October	
  
2014,	
  Lima,	
  PERÚ	
  



§  The	
  idea	
  about	
  a	
  La;n	
  American	
  Network	
  
born	
  during	
  the	
  La;n-­‐American	
  Workshop	
  
on	
  Ocean	
  Acidifica;on	
  (LAOCA)	
  

§  19	
  students	
  from	
  7	
  countries.	
  	
  
§  5	
  MSci	
  and	
  4	
  PhD	
  students	
  	
  
§  10	
  Postdocs/young	
  researchers	
  

§  Funded	
  by:	
  	
  
ü  40%	
  IAEA	
  (OA-­‐ICC)	
  
ü  30%	
  Program	
  REDOC-­‐UdeC	
  
ü  15%	
  Millennium	
  Ins;tute	
  of	
  Oceanography	
  (IMO)	
  
ü  10%	
  Millenium	
  Nucleus	
  MUSELS	
  
ü  5%	
  Others	
  



§  Theore;cal	
  and	
  prac;cal	
  course,	
  involving	
  researchers	
  from	
  different	
  
disciplines	
  working	
  in	
  different	
  Ocean	
  Acidifica;on	
  issues	
  (e.g.	
  A.	
  Dickson,	
  
L.	
  Robbins,	
  H.	
  Findlay,	
  S.	
  Dupont,	
  M.	
  Hernández-­‐Ayón).	
  



a)  to	
  document	
  the	
  stage	
  and	
  progress	
  of	
  ocean	
  
acidifica$on	
  research	
  in	
  open-­‐ocean,	
  coastal,	
  and	
  
estuarine	
  environments,	
  	
  

b)  to	
  understand	
  and	
  diseminate	
  knowledge	
  
regarding	
  the	
  poten$al	
  impact	
  of	
  ocean	
  
acidifica$on	
  on	
  local	
  species	
  in	
  La$n-­‐American	
  
countries,	
  

c)  to	
  exchange	
  and	
  sharing	
  carbonate	
  system	
  data	
  
necessary	
  to	
  op$mize	
  modelling	
  at	
  regional	
  scale	
  
in	
  La$nAmerican	
  countries,	
  and	
  

d)  to	
  generate	
  instances	
  of	
  capacity	
  building	
  and	
  
educa$on	
  in	
  La$nAmerican	
  countries.	
  

The	
  La$n	
  American	
  Ocean	
  
Acidifica$on	
  Network	
  (LAOCA)	
  is	
  an	
  
interna$onal	
  collabora$ve	
  ini$a$ve	
  
aimed:	
  



1.  To	
  invite	
  members	
  wishing	
  to	
  join	
  this	
  network	
  and	
  willing	
  to	
  share	
  
informa;on,	
  databases,	
  protocols,	
  and	
  general	
  exper;se.	
  

2.  To	
  organize	
  a	
  first	
  mee;ng	
  of	
  members/local	
  networks	
  wishing	
  to	
  join	
  this	
  
LAOCA	
  network	
  (i.e.	
  Hos;ng	
  ins;tu;on	
  in	
  Brazil,	
  Chile,	
  Peru,	
  or	
  any	
  other	
  
country).	
  

3.  To	
  establish	
  guidelines	
  of	
  this	
  network,	
  based	
  on	
  other	
  similar	
  programs.	
  

4.  To	
  organize	
  a	
  training	
  course	
  (LAOCA	
  2015)	
  for	
  calibra;on,	
  standardiza;on	
  
and	
  best	
  prac;ces	
  for	
  ocean	
  monitoring	
  in	
  La;n	
  American	
  countries	
  (i.e.	
  
based	
  in	
  GOA-­‐ON	
  protocols).	
  

5.  To	
  work	
  for	
  developing	
  an	
  abbreviated	
  manual	
  of	
  best	
  prac;ces	
  for	
  carbon	
  
chemistry	
  measurements,	
  in	
  Spanish	
  for	
  La;n	
  American	
  countries.	
  

6.  To	
  apply	
  for	
  funding	
  in	
  order	
  to	
  establish	
  this	
  network	
  (e.g.	
  Ibero-­‐American	
  
program	
  of	
  science	
  and	
  technology	
  for	
  development,	
  deadline	
  30	
  April).	
  



•  To	
  Rodrigo	
  Kerr	
  for	
  the	
  kind	
  invita;on	
  to	
  par;cipate	
  in	
  this	
  workshop.	
  

•  To	
   the	
   PICES	
   secretariat	
   (Julia	
   Yazvenko	
   &	
   Chris;na	
   Chiu)	
   and	
   all	
   the	
  
organizers	
  of	
  this	
  PICES	
  Symposium.	
  

•  To	
  all	
  our	
  funding	
  agencies:	
  

1.  Fondecyt	
   Project	
   1095069	
   -­‐	
   	
   RIVOM	
   “Influences	
   of	
   Riverine	
   Organic	
  
Mafer	
   and	
   Nutrients	
   on	
   the	
   Coastal	
   Ocean	
   Food	
   Web	
   and	
  
Biogeochemistry:	
  Implica$ons	
  under	
  a	
  Climate	
  Change	
  Scenario	
  in	
  Central	
  
Chile”	
  	
  

2.  ANILLO	
   ACT132	
   “Influence	
   of	
   the	
   near-­‐future	
   ocean	
   acidifica$on	
   on	
  
shellfish	
   resources.	
   La$tudinal	
   varia$on	
   and	
   Fresh	
   water	
   inputs”.	
  
Programa	
  de	
  CONICYT,	
  Chile.	
  

3.  Millenium	
  Nucleus,	
  NC120086	
  “Center	
  for	
  the	
  Study	
  of	
  Mul$ple-­‐Drivers	
  on	
  
Marine	
  Socio-­‐Ecological	
  Systems	
  (MUSELS)”,	
  from	
  MINECON,	
  Chile.	
  

4.  Millenium	
  Ins;tute	
  of	
  Ocenaography,	
  IC120019,	
  from	
  MINECON,	
  Chile.	
  
5.  Fondecyt	
  Project	
  1130254	
  –	
  “The	
  combined	
  impact	
  of	
  ocean	
  acidifica$on	
  

and	
   corrosive	
   acidified	
   coastal	
   waters	
   for	
   plankton	
   produc$vity:	
   A	
  
comprehensive	
  analysis	
  in	
  contras$ng	
  aqua$c	
  environments”	
  	
  

•  But	
  most	
  especially,	
  to	
  all	
  our	
  staff	
  and	
  friends	
  working	
  in	
  our	
  Lab	
  (LAFE)	
  

•  AND	
  MANY	
  THANKS	
  FOR	
  YOUR	
  ATTENTION	
  !!!!	
  


