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Corals	
  reefs	
  are	
  one	
  of	
  the	
  most	
  vulnerable	
  ecosystems	
  to	
  climate	
  change	
  impacts,	
  in	
  
particular	
  to	
  acidification	
  and	
  warming	
  and	
  the	
  synergy	
  between	
  them.	
  	
  These	
  factors	
  also	
  
interact	
  with	
  local	
  pressures	
  from	
  pollution,	
  overfishing	
  and	
  shoreline	
  alterations	
  to	
  further	
  
reduce	
  the	
  resilience	
  of	
  coral	
  reefs	
  and	
  amplify	
  the	
  effects	
  of	
  climate	
  change.	
  	
  	
  This	
  is	
  a	
  
particular	
  concern	
  as	
  a	
  substantial	
  number	
  of	
  the	
  world’s	
  poorest	
  people	
  depend	
  on	
  coral	
  
reefs,	
  including	
  for	
  reef-­‐supplied	
  food.	
  	
  	
  Prior	
  to	
  the	
  major	
  warming-­‐induced	
  coral	
  bleaching	
  
event	
  of	
  1998,	
  local	
  factors	
  such	
  as	
  nutrient	
  runoff	
  and	
  destructive	
  fishing	
  practices	
  were	
  
seen	
  as	
  the	
  greatest	
  threat	
  to	
  corals;	
  since	
  1998	
  –	
  when	
  some	
  of	
  the	
  most	
  remote	
  reefs,	
  
previously	
  considered	
  at	
  low	
  risk,	
  were	
  worst	
  effected	
  –	
  the	
  attention	
  has	
  shifted	
  to	
  climate	
  
change,	
  but	
  it	
  is	
  vital	
  that	
  the	
  interaction	
  between	
  all	
  factors	
  is	
  considered	
  when	
  making	
  
management	
  decisions.	
  

Coral	
  bleaching	
  follows	
  anomalously	
  high	
  seawater	
  temperatures,	
  and	
  such	
  episodes	
  have	
  
been	
  increasing	
  steadily	
  over	
  the	
  past	
  three	
  decades	
  in	
  terms	
  of	
  both	
  frequency	
  and	
  
intensity.	
  	
  Ocean	
  acidification	
  is	
  another	
  direct	
  threat	
  to	
  corals	
  as	
  increased	
  bi-­‐carbonate	
  
coupled	
  with	
  reduced	
  calcium	
  carbonate	
  (a	
  result	
  of	
  acidification)	
  drastically	
  reduces	
  the	
  
growth	
  of	
  coral	
  skeletons	
  and	
  eventually	
  will	
  dissolve	
  existing	
  calcified	
  matter.	
  	
  Acidification	
  
has	
  also	
  been	
  identified	
  by	
  some	
  researchers	
  as	
  a	
  trigger	
  for	
  coral	
  bleaching	
  and	
  can	
  slow	
  
down	
  post-­‐bleaching	
  recovery.	
  	
  The	
  ocean	
  is	
  already	
  on	
  average	
  0.1	
  pH	
  units	
  more	
  acidic	
  
than	
  in	
  the	
  pre-­‐industrial	
  period	
  and	
  this	
  reduction	
  in	
  pH	
  is	
  expected	
  to	
  reach	
  0.4	
  pH	
  units	
  
more	
  acidic	
  by	
  2100.	
  	
  At	
  450ppm	
  CO2e	
  (associated	
  with	
  a	
  2oC	
  temperature	
  rise)	
  coral	
  reefs	
  
will	
  cease	
  to	
  grow,	
  at	
  560ppm	
  CO2e	
  (approx.	
  3oC	
  rise)	
  they	
  may	
  start	
  to	
  dissolve.	
  	
  The	
  
response	
  of	
  corals	
  to	
  acidification	
  may	
  also	
  be	
  synergistic	
  with	
  other	
  factors,	
  notably	
  
temperature,	
  to	
  multiply	
  and	
  amplify	
  effects.	
  	
  Interaction	
  between	
  coral	
  bleaching,	
  
acidification	
  and	
  diseases	
  are	
  expected	
  to	
  negatively	
  influence	
  coral	
  survival,	
  growth,	
  
reproduction,	
  larval	
  development	
  and	
  species	
  development.	
  

The	
  authors	
  of	
  this	
  paper	
  consider	
  it	
  unlikely	
  that	
  coral	
  reefs	
  can	
  adapt	
  or	
  acclimatize	
  to	
  
these	
  fast	
  changing	
  environmental	
  conditions,	
  i.e.	
  decadal	
  rather	
  than	
  millennial	
  rates	
  of	
  
climate	
  change.	
  	
  Responses	
  to	
  increasing	
  episodic	
  mass	
  bleaching	
  and	
  mortality	
  events	
  that	
  
have	
  already	
  occurred	
  indicate	
  that	
  adaptation	
  is	
  not	
  happening	
  fast	
  enough	
  to	
  match	
  the	
  
rate	
  and	
  frequency	
  of	
  warming	
  events	
  and	
  hope	
  that	
  species	
  will	
  acclimatize	
  appears	
  to	
  be	
  
misplaced.	
  	
  However,	
  some	
  species	
  are	
  more	
  affected	
  than	
  others	
  leading	
  to	
  fundamental	
  
changes	
  in	
  the	
  composition	
  of	
  reef	
  communities.	
  	
  In	
  many	
  coral	
  reefs	
  suffering	
  from	
  
degradation,	
  the	
  structure	
  of	
  seabed	
  ecosystems	
  is	
  already	
  characterized	
  by	
  low	
  coral	
  cover	
  
and	
  diversity	
  and	
  the	
  dominance	
  of	
  seaweed,	
  algae	
  and	
  soft-­‐bodied	
  invertebrates.	
  	
  	
  It	
  is	
  vital	
  
that	
  local	
  efforts	
  to	
  reduce	
  the	
  impact	
  of	
  direct	
  stressors	
  such	
  as	
  pollution	
  and	
  fishing	
  and	
  
aid	
  reef	
  recovery,	
  are	
  stepped-­‐up.	
  	
  It	
  is	
  tempting	
  to	
  consider	
  such	
  local	
  initiatives	
  futile	
  in	
  the	
  
face	
  of	
  rising	
  CO2	
  levels,	
  but	
  evidence	
  shows	
  that	
  reefs	
  that	
  have	
  fewer	
  local	
  pressures	
  (such	
  
as	
  in	
  the	
  Chagos	
  atolls)	
  recover	
  better	
  from	
  high	
  temperatures	
  than	
  those	
  where	
  there	
  are	
  



many	
  additional	
  pressures	
  (such	
  as	
  in	
  the	
  Seychelles).	
  	
  This	
  presents	
  a	
  strong	
  incentive	
  for	
  
local	
  action	
  to	
  boost	
  the	
  resilience	
  of	
  coral	
  reefs	
  to	
  global	
  stressors.	
  

At	
  the	
  global	
  management	
  level,	
  the	
  key	
  message	
  is	
  that	
  the	
  current	
  targets	
  for	
  carbon	
  
emission	
  reductions	
  are	
  unrealistic	
  in	
  terms	
  of	
  ensuring	
  coral	
  reef	
  survival,	
  especially	
  as	
  
there	
  is	
  a	
  time	
  lag	
  of	
  several	
  decades	
  between	
  atmospheric	
  CO2	
  and	
  levels	
  of	
  CO2	
  dissolved	
  
in	
  the	
  ocean	
  –	
  a	
  factor	
  that	
  appears	
  to	
  be	
  beyond	
  the	
  grasp	
  of	
  most	
  policy-­‐makers.	
  	
  Put	
  
simply,	
  the	
  target	
  to	
  limit	
  temperature	
  rise	
  to	
  2oC,	
  or	
  remain	
  below	
  450	
  CO2e,	
  is	
  not	
  
sufficient	
  for	
  coral	
  reefs	
  to	
  survive.	
  	
  Lower	
  targets	
  should	
  be	
  urgently	
  pursued.	
  	
  Even	
  more	
  
worrying,	
  some	
  socio-­‐economic	
  evaluations	
  conclude	
  that	
  even	
  the	
  2oC	
  target	
  is	
  too	
  hard	
  to	
  
bear	
  and	
  are	
  encouraging	
  settling	
  for	
  a	
  650ppm	
  CO2e	
  stabilization	
  level.	
  	
  This	
  “easy”	
  
economic	
  compromise	
  would	
  be	
  completely	
  fatal	
  for	
  coral	
  reefs.	
  	
  It	
  is	
  imperative	
  that	
  targets	
  
below	
  450	
  ppm	
  CO2e	
  be	
  agreed	
  and	
  implemented,	
  combined	
  with	
  coordinated	
  programmes	
  
at	
  local	
  and	
  regional	
  levels	
  to	
  reduce	
  local	
  stress	
  factors	
  and	
  boost	
  resilience.	
  	
  Without	
  such	
  
dedicated	
  action	
  it	
  is	
  predicted	
  that	
  most	
  reefs	
  will	
  be	
  lost	
  as	
  effective,	
  productive	
  systems	
  
within	
  a	
  few	
  decades.	
  

 

 

	
  


