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FAO	
  –	
  The	
  State	
  of	
  World	
  
Fisheries	
  and	
  Aquaculture	
  

…it seems unlikely that the potential sustained yield 
of fish to man is appreciably greater than 100 million 
tons. - Ryther 1969, Science 

   



1	
  Worm	
  et	
  al	
  2009	
  –	
  Science	
  

Where	
  are	
  we	
  today?	
  

An	
  esVmated	
  15%	
  of	
  fished	
  stocks	
  are	
  
collapsed1	
  (<0.2x	
  Target	
  Biomass	
  (MSY))	
  

Around	
  2/3	
  of	
  global	
  
fisheries	
  are	
  below	
  
target	
  biomass	
  levels1	
  

Fishing	
  mortality	
  (F)	
  is	
  declining	
  in	
  many	
  parts	
  
of	
  the	
  world,	
  but	
  ocen	
  sVll	
  too	
  high.	
  



Impacts	
  of	
  fishing	
  

• 	
  Fishing	
  reduces	
  biomass:	
  40%	
  of	
  virgin	
  biomass	
  is	
  a	
  
common	
  target	
  

• 	
  Fishing	
  alters	
  the	
  age	
  structure	
  of	
  fished	
  
populaVons	
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Impacts	
  of	
  fishing	
  

• 	
  Fishing	
  reduces	
  biomass:	
  40%	
  of	
  virgin	
  biomass	
  is	
  a	
  
common	
  target	
  

• 	
  Fishing	
  alters	
  the	
  age	
  structure	
  of	
  fished	
  
populaVons	
  

• 	
  Fished	
  populaVons	
  are	
  more	
  variable	
  than	
  unfished	
  
ones1-­‐3	
  

• 	
  Fishing	
  exerts	
  selecVve	
  pressure	
  &	
  reduces	
  geneVc	
  
diversity	
  –	
  a	
  Darwinian	
  debt?4,5	
  



Do	
  the	
  impacts	
  of	
  fishing	
  decrease	
  
the	
  resilience	
  of	
  fished	
  populaVons?	
  



Data	
  

	
  RAM	
  Legacy	
  Stock	
  Assessment	
  Database:	
  over	
  
360	
  stock	
  assessments	
  from	
  around	
  the	
  globe	
  

Ricard	
  et	
  al.	
  2012	
  –	
  Fish	
  &	
  Fisheries	
  



Data	
  

	
  RAM	
  Legacy	
  Stock	
  Assessment	
  Database:	
  over	
  
360	
  stock	
  assessments	
  from	
  around	
  the	
  globe	
  

	
  153	
  stocks	
  that	
  had	
  been	
  depleted	
  at	
  least	
  
once	
  to	
  below	
  0.5x	
  target	
  (MSY)	
  

	
  Survival	
  analysis	
  of	
  overfished	
  stocks:	
  Does	
  
overfishing	
  reduce	
  popula3on	
  resilience?	
  



	
  Recovery	
  is	
  
accelerated	
  for	
  
‘moderately	
  high’	
  
historical	
  fishing	
  
regimes	
  

	
  NegaVve	
  impacts	
  	
  of	
  
fishing	
  only	
  for	
  very	
  
long	
  and	
  intense	
  
fishing	
  regimes	
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  F	
  

Adapted	
  from	
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  et	
  al.	
  2013	
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  Phenotypic	
  plasVcity	
  
and	
  fishery	
  induced	
  
evoluVon	
  can	
  
increase	
  the	
  	
  
producVvity	
  of	
  
fished	
  populaVons	
  

See	
  also	
  Eikeset	
  et	
  al.	
  2013	
  –	
  PNAS,	
  Kuparinen	
  &	
  Hutchings	
  2012	
  -­‐	
  Proc.R.Soc.B	
  ,	
  Enberg	
  et	
  al.	
  2009	
  –	
  Evol.	
  
Appl.	
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  Age	
  composiVon	
  needs	
  to	
  ‘fill	
  in’	
  again	
  acer	
  
very	
  intense	
  harvest	
  

	
  Limits	
  to	
  adapVve	
  capacity?	
  

	
  Increases	
  in	
  producVvity	
  can	
  lead	
  to	
  
unstable	
  (nonlinear)	
  populaVon	
  dynamics1	
  

Limits	
  of	
  resilience	
  

1Anderson	
  et	
  al	
  2008	
  –	
  Nature	
  



	
  Responsible	
  and	
  
responsive	
  
management	
  is	
  key	
  to	
  
building	
  resilience	
  and	
  
recovering	
  overfished	
  
populaVons	
  

Collapsed	
  

Depleted	
  

Adapted	
  from	
  Neubauer	
  et	
  al.	
  2013	
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Resilient	
  fisheries	
  

	
  Fished	
  stocks	
  and	
  communiVes	
  are	
  
surprisingly	
  resilient	
  if	
  fished	
  responsibly	
  

Adapted	
  from	
  Worm	
  et	
  al	
  2009	
  –	
  Science,	
  by	
  Olaf	
  Jensen	
  



FronVers	
  

	
  Dynamic	
  life	
  history	
  parameters	
  (i.e.,	
  
evoluVon	
  of	
  intrinsic	
  growth	
  rates)	
  challenge	
  
the	
  paradigm	
  of	
  stable	
  populaVon	
  dynamics	
  
and	
  fisheries	
  targets	
  

	
  Robust	
  and	
  responsive	
  management	
  of	
  fishing	
  
mortality	
  
	
  	
  	
  
	
  Age	
  structure	
  is	
  likely	
  key	
  to	
  avoiding	
  negaVve	
  
impacts	
  and	
  retaining	
  resilience	
  –	
  a	
  new	
  
selecVvity	
  paradigm	
  is	
  needed1	
  

See	
  also	
  Garcia	
  et	
  al.	
  2012	
  –Science	
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  We	
  know	
  that	
  life	
  
history	
  is	
  no	
  predictor	
  
of	
  collapse.1	
  

	
  But	
  recovery	
  is	
  
condiVonal	
  on	
  life	
  
history	
  

Collapsed	
  

Depleted	
  

1	
  Pinsky	
  et	
  al.	
  2011	
  -­‐	
  PNAS	
  



Predicted	
  recoveries	
  in	
  Europe	
  

WWF	
  2013	
  



Two	
  rules	
  of	
  thumb	
  that	
  don’t	
  work…	
  
and	
  three	
  that	
  generally	
  do	
  

Three	
  that	
  generally	
  do	
  

• Buy	
  local	
  
• Buy	
  lower	
  trophic	
  level	
  (lower	
  on	
  the	
  food	
  chain)	
  
• Buy	
  Marine	
  Stewardship	
  Council	
  (MSC)	
  cerVfied	
  

Two	
  that	
  don’t	
  work	
  

• Wild	
  is	
  be@er	
  than	
  farm	
  raised	
  

• Countries	
  with	
  be@er	
  environmental	
  records	
  have	
  
more	
  sustainable	
  fisheries	
  



Where	
  will	
  the	
  protein	
  come	
  from?	
  

Unless	
  we	
  cut	
  down	
  more	
  forests	
  for	
  beef	
  and	
  
soy,	
  it	
  will	
  have	
  to	
  be:	
  

• Well	
  managed	
  fisheries	
  
•  Aquaculture	
  of	
  	
  
	
  	
  	
  Herbivorous	
  fish	
  





By	
  2006	
  the	
  percepVon	
  had	
  changed	
  quite	
  a	
  bit...	
  	
  



Biodiversity	
  loss	
  in	
  the	
  ocean?	
  

Adapted	
  from	
  Worm	
  et	
  al.	
  2006	
  Science	
  


