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Fisheries  Model  Project  Aims

•  Integrate	  past	  fisheries	  catch	  data.	  
•  Integrate	  mul6-‐year	  input	  data.	  
•  Improve	  oceanic	  ecological	  realism.	  
•  Experiment	  with	  alterna6ve	  management	  scenarios.	  
• Produce	  policy-‐relevant	  outputs.	  
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hJp://www.iucn.org/?16056/From-‐despair-‐to-‐repair-‐Drama6c-‐decline-‐of-‐Caribbean-‐corals-‐can-‐be-‐reversedStory	  







The  Madingley  Model



• Global	  
•  Individual-‐based	  
• Data	  and	  theory	  driven	  
•  Exhibits	  emergent	  behaviours	  
• Poten6al	  for	  exploring:	  

•  Evolu6on	  
•  Adapta6on	  
•  Regime	  shiTs	  
•  Tipping	  points	  

A  Model  of  All  Life

Harfoot	  et	  al.	  (2014).	  PLoS	  Biology,	  12(4).	  
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Autotrophy:  Phytoplankton

•  Single	  state	  variable	  
	  
• Growth	  driven	  by	  data	  on	  
oceanic	  NPP	  
•  Circular	  model	  
•  Room	  for	  improvement	  



Heterotrophy

• Modelled	  as	  popula6ons	  of	  
individuals	  

• How?	  



Model  All  Species?



No!  Approximate  Species  by  Func;on

•  Food:	  Autotroph,	  Herbivore,	  Omnivore,	  or	  Carnivore?	  
•  Thermoregula/on:	  Endotherm,	  or	  Ecotherm?	  
• Reproduc/on:	  Iteroparous,	  or	  Semelparous?	  
• Mobility:	  Sessile,	  Planktonic,	  or	  Mobile?	  	  
• Metabolism:	  Assimila?on	  efficiency?	  
• Habitat:	  Marine	  or	  Terrestrial?	  
• Mass:	  Minimum,	  Maximum?	  



Semelparous	  

Iteroparous	  

Ectotherm	  
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Autotrophs	  

Model  Func;onal  Types



Individuals

They	  all	  have	  mass	  



Individuals

In	  addi6on	  to	  func6onal	  
classifica6on	  they	  have	  
con6nuous	  aJributes	  



Individuals

They	  can	  assimilate	  and	  grow	  



Individuals

They	  metabolise	  and	  can	  shrink	  
•  This	  may	  lead	  to	  starva6on	  
mortality	  



Individuals

They	  can	  grow	  to	  maturity	  



Individuals

They	  can	  con6nue	  to	  grow	  
beyond	  maturity	  
•  The	  addi6onal	  mass	  can	  be	  used	  
for	  reproduc6on	  



Individuals

They	  can	  reproduce	  
•  Subject	  to	  poten6al	  muta6on	  of	  
the	  con6nuous	  traits	  



Individuals

• Represen6ng	  all	  individuals	  is	  
computa6onally	  intractable	  
• Model	  cohorts	  instead	  

•  Addi6onal	  trait	  represents	  number	  
of	  individuals	  in	  cohort	  



Prey  Selec;on

Determined	  by	  predator	  and	  prey	  
size	  (and	  func6onal	  group)	  

Andersen,	  K.	  H.	  &	  Beyer,	  J.	  E.	  (2006).	  The	  American	  Naturalist,	  168,	  1,	  pp	  54-‐61.	  



Assimila;on

•  Inges6on	  rate	  is	  a	  func6on	  of	  
prey	  density	  
•  Ingested	  mass	  is	  subject	  to	  
assimilatory	  losses	  

Holling,	  C.	  S.	  (1959).	  The	  Canadian	  Entomologist,	  91,7,	  pp	  385-‐398.	  



Metabolism

• Allometrically-‐scaled	  metabolic	  
rate	  

Kleiber,	  M.	  (1947).	  Physiological	  Reviews,	  27,	  4,	  	  pp	  511-‐541.	  



Input  Data

•  Land-‐sea	  Mask	  
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Input  Data

•  Land-‐sea	  Mask	  
• Near	  surface	  ocean	  temperature*	  
•  Sea	  Surface	  Temperature*	  
• Ocean	  Net	  Primary	  Produc6vity*	  
• Ocean	  Current	  Velocity*	  

*	  Monthly	  mean	  values	  



Configura;on

High	  la6tudes	  (>65°)	  not	  included	  
due	  to	  missing	  NPP	  data	  
•  Satellite	  chlorophyll	  



Dispersal

Individuals	  can	  disperse	  to	  
neighbouring	  cells	  of	  the	  same	  
domain	  
• Allometrically-‐scaled	  probability	  
•  Large	  individuals	  move	  ac6vely	  
•  Small	  individuals	  are	  moved	  by	  
physical	  currents	  



Global  Ecosystem  Result

Harfoot	  et	  al.	  (2014).	  PLoS	  Biology,	  12(4).	  



Why  Madingley?
Why	  not	  a	  more	  mature	  model?	  



Food  Web

Ecopath	  Network	  Model	  of	  the	  food	  web	  Ecopath	  Network	  Model	  of	  the	  food	  web	  



Life  History



Size  Structured  Model



Sheldon  Spectrum

Adapted	  from	  Andersen	  (2010).	  Sheldon	  et	  al.	  (1973).	  Limnology	  &	  Oceanography,	  18(5),	  pp	  719-‐733	  



Size  Spectrum  Model

Hartvig	  et	  al.	  (2011).	  Journal	  of	  Theore6cal	  Biology.	  272(1),	  pp	  113-‐122	  



It’s  All  About  Context

“The	   physical	   laws	   governing	   evolu?on	   in	   all	  
probability	  take	  on	  a	  simpler	  form	  when	  referred	  
to	   the	   system	   as	   a	   whole	   than	   to	   any	   por?on	  
thereof.	   It	   is	   not	   so	   much	   the	   organism	   or	   the	  
species	   that	   evolves,	   but	   the	   en?re	   system,	  
species	   and	   environment.	   The	   two	   are	  
inseparable.”	  
	  
-‐	  Alfred	  J.	  Lotka	  (1925)	  



Project  Plans



Developmental  Cycle



Developmental  Cycle



Mul;-‐Year  Input  Data

• Near	  surface	  ocean	  temperature	  
•  Sea	  Surface	  Temperature	  
• Ocean	  Current	  Velocity	  
• Ocean	  Net	  Primary	  Produc6vity	  



Mul;-‐Year  Input  Data

• Near	  surface	  ocean	  temperature	  
•  Sea	  Surface	  Temperature	  
• Ocean	  Current	  Velocity	  
• Ocean	  Net	  Primary	  Produc6vity	  
• Ocean	  Chemistry	  
	  

•  Same	  period	  as	  SAUD	  



Sea  Around  Us  Data

hJp://www.seaaroundus.org	  



Fish  Transla;on  Layer



Habitat  Representa;on

• Madingley	  is	  currently	  two-‐dimensional.	  
•  Introduce	  heterogeneity	  from	  bathymetry	  
• Approximate	  depth	  via	  habitat	  affinity	  
• Coupled	  benthic	  and	  pelagic	  



Tes;ng

•  Sensi6vity	  analysis:	  
•  Feeding	  rate	  
•  Metabolic	  rate	  
•  Mortality	  rate	  
•  Migratory	  behaviours	  

• Agree	  a	  set	  of	  diagnos6cs	  
•  Compare	  with	  other	  models	  (EcoOcean)?	  
•  Use	  Fish-‐MIP	  as	  a	  guide?	  



Valida;on

Use	  real	  species	  data	  for	  valida6on	  
•  Is	  OBIS	  the	  best	  source	  for	  this?	  
• What	  about	  species	  distribu6on	  maps?	  

• Quan6fy	  uncertainty	  



Tes;ng  &  Valida;on

•  Sensi6vity	  analysis:	  
•  Feeding	  rate	  
•  Metabolic	  rate	  
•  Mortality	  rate	  
•  Migratory	  behaviours	  

•  Enter	  Madingley	  into	  Fish-‐MIP	  
•  Run	  standard	  fisheries	  model	  protocol	  
•  Compare	  with	  other	  models	  



Develop  Ecosystem  Indicators

Fulton	  et	  al.	  (2005),	  ICES	  Journal	  of	  Marine	  Science,	  62:	  540-‐551.	  



Outputs



Recovery  Rate



Recovery  Rate



The  Fishing  Pressure-‐Recovery  Rela;onship



Marine  Protected  Areas



Marine  Protected  Areas



The  MPA-‐Impact  Rela;onship



Early  Warning  Signals

hJp://www.early-‐warning-‐signals.org	  



Early  Warning  Signals

hJp://www.early-‐warning-‐signals.org	  

A	  longer	  6me	  to	  recovery	  is	  a	  sign	  of	  a	  
cri/cal	  slowing	  down;	  an	  Early	  Warning	  
Signal	  that	  the	  system	  is	  approaching	  a	  

catastrophic	  bifurca/on.	  



Future  Madingley  Developments

• It’s	  a	  component-‐based	  model!	  
	  
• UNEP-‐WCMC	  
• MicrosoG	  Research	  
•  Soon	  to	  be	  three	  PhD	  students	  
• Plus	  a	  growing	  community	  
• Would	  you	  like	  to	  join	  us?	  

hMp://www.madingleymodel.org/	  



Thank  you!  Ques;ons,  or  sugges;ons?
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