
Ocean	
  acidifica*on	
  -­‐	
  a	
  fundamental	
  shi4	
  in	
  ocean	
  chemistry	
  -­‐	
  has	
  already	
  driven	
  some	
  U.S.	
  
shellfish	
  hatcheries	
  to	
  change	
  their	
  opera*ons.	
  Other	
  industries	
  and	
  state	
  governments	
  have	
  
begun	
  to	
  look	
  for	
  ways	
  to	
  avoid	
  or	
  minimize	
  future	
  threats.	
  In	
  the	
  face	
  of	
  this	
  growing	
  
concern,	
  research	
  ini*a*ves	
  have	
  helped	
  define	
  the	
  problem	
  and	
  understand	
  the	
  impacts	
  -­‐	
  
and	
  now	
  seek	
  solu*ons.	
  From	
  coordinated	
  monitoring	
  efforts	
  to	
  understanding	
  the	
  likelihood	
  
that	
  marine	
  species	
  can	
  adapt	
  to	
  acidifying	
  waters,	
  science	
  is	
  informing	
  an	
  array	
  of	
  op*ons	
  
for	
  tackling	
  the	
  challenge	
  ocean	
  acidifica*on	
  poses	
  to	
  our	
  communi*es	
  and	
  livelihoods.

Ocean Acidification 1.0: 
Changing Chemistry

Since	
  the	
  industrial	
  revolu1on,	
  we	
  have	
  
seen	
  an	
  approximately	
  30%	
  increase	
  in	
  
seawater	
  acidity	
  globally	
  due	
  to	
  
increases	
  in	
  atmospheric	
  carbon	
  dioxide	
  
dissolving	
  in	
  the	
  oceans.	
  This	
  
fundamental	
  change	
  in	
  chemistry	
  makes	
  
it	
  difficult	
  for	
  some	
  marine	
  animals,	
  like	
  
oysters	
  and	
  corals,	
  to	
  build	
  shells	
  and	
  
grow	
  at	
  normal	
  rates.
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What we know about the impacts of ocean acidification 
and what we can get from the next wave of research 

TACKLING ACIDIFICATION

Ocean Acidification 2.0: Ecological & Industry Impacts

We	
  now	
  know	
  that	
  many	
  species	
  respond	
  differently	
  to	
  changes	
  in	
  acidity.	
  West	
  Coast	
  shellfish	
  hatcheries	
  
have	
  experienced	
  severe	
  failures,	
  while	
  other	
  species	
  exhibit	
  the	
  poten1al	
  to	
  adapt.	
  Our	
  increasingly	
  
sophis1cated	
  understanding	
  of	
  how	
  ocean	
  acidity	
  varies	
  from	
  place	
  to	
  place	
  and	
  through	
  1me	
  -­‐	
  including	
  
the	
  role	
  of	
  local,	
  land-­‐based	
  drivers	
  -­‐	
  allows	
  us	
  to	
  beHer	
  understand	
  how	
  local	
  management	
  can	
  play	
  a	
  role	
  
in	
  addressing	
  current	
  and	
  poten1al	
  future	
  impacts	
  to	
  coastal	
  ecosystems.
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Ocean Acidification 3.0: 
Towards Solutions

Looking	
  ahead,	
  ocean	
  acidifica1on	
  
research	
  is	
  cri1cal	
  to	
  informing	
  how	
  local	
  
and	
  global	
  ac1ons	
  can	
  reduce	
  social	
  and	
  
economic	
  vulnerability	
  to	
  changes	
  in	
  
seawater	
  chemistry.	
  We	
  seek	
  to	
  beHer	
  
understand	
  a)	
  how	
  acidifica1on	
  levels	
  vary	
  
from	
  place	
  to	
  place	
  and	
  over	
  1me,	
  b)	
  the	
  
crucial	
  1pping	
  points	
  for	
  marine	
  
ecosystems,	
  and	
  c)	
  which	
  species	
  are	
  most	
  
likely	
  to	
  be	
  harmed	
  by	
  -­‐	
  or	
  adapt	
  to	
  -­‐	
  these	
  
changes,	
  par1cularly	
  in	
  coastal	
  regions.	
  
Coordinated	
  monitoring	
  efforts	
  in	
  coastal	
  
systems	
  can	
  reveal	
  the	
  rela1ve	
  importance	
  
of	
  the	
  many	
  factors	
  that	
  can	
  contribute	
  to	
  
acidifica1on,	
  therefore	
  shaping	
  
management	
  priori1es.
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These	
  striking	
  images	
  show	
  a	
  rocky	
  reef	
  ecosystem	
  under	
  
typical	
  levels	
  of	
  acidity	
  (top)	
  compared	
  to	
  a	
  reef	
  near	
  a	
  natural	
  
carbon	
  dioxide	
  vent	
  that	
  increases	
  seawater	
  acidity	
  (boXom).
Photos	
  courtesy	
  of	
  Kristy	
  Kroeker
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Stephen	
  Palumbi’s	
  research	
  group	
  is	
  engaged	
  in	
  study	
  of	
  the	
  gene1cs,	
  evolu1on,	
  
popula1on	
  biology	
  and	
  systema1cs	
  of	
  marine	
  species	
  in	
  the	
  context	
  of	
  rapid	
  
environmental	
  change.	
  A	
  major	
  focus	
  is	
  on	
  the	
  conserva1on	
  and	
  management	
  of	
  
marine	
  popula1ons	
  based	
  on	
  insight	
  from	
  molecular	
  gene1cs.	
  This	
  approach	
  has	
  
been	
  applied	
  to	
  the	
  design	
  and	
  implementa1on	
  of	
  marine	
  protected	
  areas	
  for	
  

conserva1on	
  and	
  fisheries	
  enhancement,	
  as	
  well	
  as	
  to	
  reconstruc1on	
  of	
  past	
  popula1on	
  sizes	
  of	
  baleen	
  whales,	
  the	
  
iden1fica1on	
  of	
  whale	
  and	
  dolphin	
  products	
  available	
  in	
  commercial	
  markets,	
  and	
  strategies	
  for	
  finding	
  and	
  protec1ng	
  
the	
  world’s	
  strongest	
  corals.	
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  Director	
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  from	
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  of	
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  -­‐	
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  the	
  upcoming	
  Shark	
  and	
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  marine	
  community	
  ecology	
  at	
  Hopkins	
  Marine	
  
Sta1on.	
  Her	
  disserta1on	
  examined	
  the	
  poten1al	
  for	
  ecosystem	
  shijs	
  in	
  response	
  to	
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