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→	  Study	  of	  trophic	  networks:	  the	  trophic	  level	  (TL)	  

How	  to	  model	  an	  aquaPc	  ecosystem?	  

Cedar	  Bog	  Lake	  trophic	  
network	  (Lindeman	  1942)	  

•  TL:	  characterizes	  the	  posi,on	  of	  an	  
organism	  within	  the	  trophic	  network	  

•  Analysis	  of	  trophic	  dynamics	  and	  
associated	  processes	  

•  Trophic	  func,oning	  key	  parameters:	  
transfer	  efficiency	  (TE)	  

•  Frac,onal	  trophic	  levels	  (Odum	  et	  
Heald	  1975)	  

	  
TE	  
(%)	  
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Derived	  analyses	  
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Jennings	  et	  al.	  (2015)	   Fogarty	  et	  al.	  (2016)	  



2.	  Methods	  



EcoTroph	  (ET)	  

	  
Trophic	  flows	  ecosystem	  model	  
	  
-‐>	  based	  on	  fluid	  dynamic	  equaPons	  
	  
	  
	  

𝐵𝜏 =
𝛷𝜏
𝐾𝜏
× ∆𝜏	  

Gascuel et al. (2009) 1.	  IntroducPon	   2.	  Methods	   3.	  Results	   4.	  Conclusion	  



Divide	  the	  world	  in	  	  
0.5	  x	  0.5	  degree	  grid	  

(that’s	  about	  180,000	  cells)	  
	  

trophic	  level	  	  
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For	  each	  cell:	  	  
Ecotroph	  model	  	  
+	  transfer	  efficiency	  
+	  primary	  production	  	  
+	  sea	  surface	  temperature	  	  
+	  fisheries	  catch	  by	  trophic	  levels	  

0	  

1	  

Bexploited	  
Bunfished	  

	  

Tremblay-Boyer  et al.(2010) 

Tremblay-‐Boyer	  et	  al.	  (2010)	  
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Biomass	  mapping	  with	  ET	  



•  For	  τ	  in	  [2,5],	  with	  TL	  intervals	  Δτ=0.1:	  

•  Calcula,on	  of	  unexploited	  biomass:	  
1.  Pτ+Δτ,unexpl	  =	  Pτ,unexpl	  *	  exp(-‐μτΔτ),	  with	  P1=PP	  and	  μτ=-‐log(TE/100)	  
2.  Kτ,unexpl	  =	  20.19	  *	  τ-‐3.26	  *	  exp(0.041*SST),	  from	  Gascuel	  et	  al.	  (2008)	  
3.  Bτ,unexpl	  =	  Pτ,unexpl	  /	  Kτ,unexpl	  	  

•  Calcula,on	  of	  fished	  biomass:	  
4.  Pτ+Δτ	  =	  Pτ	  *	  exp(-‐μτΔτ)	  –	  Yτ	  *	  exp(-‐μτΔτ/2)	  
5.  ϕτ	  =	  (1/Δτ)	  *	  log(Pτ	  /Pτ+Δτ)	  –	  μτ	  

6.  Kτ	  	  =	  Kτ,unexpl	  /	  (1	  -‐	  ϕτ)	  
7.  Bτ	  =	  Pτ	  /	  Kτ	  
8.  Repeat	  steps	  4-‐7	  for	  all	  years	  between	  1950	  and	  2100	  	  

ET	  equaPons	  
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SensiPvity	  analyses	  
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Parameter Values 

Kinetic (K) Gascuel et al. (2007) / Meta-analysis from EcoBase 

Primary production (PP) SeaWIFS for 1998 / GFDL RCP2.6 / GFDL RCP8.5 

Sea surface temp (SST) NOAA World Atlas for 2001 / GFDL RCP2.6 / GFDL RCP8.5 

Catch data FAO data / Sea Around Us catch data (v40) 

Resolution 0.5*0.5° grid / 1*1° grid / LMEs-FAO areas 

Transfer efficiency (TE) 5% (Kolding et al. 2015) / 10% / Meta-analysis from EcoBase 



SensiPvity	  analyses	  
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Parameter Values 

Kinetic (K) Gascuel et al. (2007) / Meta-analysis from EcoBase 

Primary production (PP) SeaWIFS for 1998 / GFDL RCP26 / GFDL RCP85 

Sea surface temp (SST) NOAA World Atlas for 2001 / GFDL RCP26 / GFDL RCP85 

Catch data FAO data / Sea Around Us catch data (v40) 

Resolution 0.5*0.5° grid / 1*1° grid / LMEs-FAO areas 

Transfer efficiency (TE) 5% (Kolding et al. 2015) / 10% / Meta-analysis from EcoBase 



•  A	  repository	  solu,on	  to	  gather	  informa,on	  from	  EwE	  models	  

•  In	  total,	  440	  dis,nct	  Ecopath	  models:	  
•  173	  Ecopath	  models	  available	  for	  download	  (directly	  in	  the	  new	  EwE	  

version	  -‐>	  Import	  tool)	  
•  267	  Ecopath	  models	  with	  metadata	  only	  

•  hop://ecobase.ecopath.org/	  

•  Export	  tool	  in	  the	  new	  EwE	  version	  
-‐>	  Check	  if	  your	  models	  are	  included/available	  
-‐>	  Add	  your	  models	  using	  the	  Export	  tool	  

Commercial	  break:	  EcoBase!	  

Colléter	  et	  al.	  (2013)	  Fisheries	  Centre	  Research	  Report	  21(1),	  60p.	  
1.	  IntroducPon	   2.	  Methods	   3.	  Results	   4.	  Conclusion	  



3.	  Preliminary	  results	  



•  Highest	  biomass	  in	  mid	  to	  high	  la,tudes	  
•  Total	  biomass	  es,ma,ons:	  

•  2	  ≤	  TL	  ≤	  5:	  40*10^9	  tonnes	  
•  3.5	  ≤	  TL	  ≤	  5:	  2.1*10^9	  tonnes	  

Unexploited	  biomass	  

1.	  IntroducPon	   2.	  Methods	   3.	  Results	   4.	  Conclusion	  

(log10, t.km-2) 



•  Impacts	  concentrated	  on	  the	  North	  Atlan,c	  

•  Problems	  with	  NA	  values:	  not	  enough	  produc,on	  to	  sustain	  catches	  

Exploited	  biomass	  

1.	  IntroducPon	   2.	  Methods	   3.	  Results	   4.	  Conclusion	  

1950	  
1950	  



•  Impacts	  extended	  to	  all	  la,tudes	  and	  regions	  

•  Problems	  extended	  to	  South	  East	  Asia	  and	  China	  Sea	  

Exploited	  biomass	  

1.	  IntroducPon	   2.	  Methods	   3.	  Results	   4.	  Conclusion	  

2005	  



•  Uncertainty	  in	  TE	  accounts	  for	  the	  majority	  of	  the	  uncertainty	  in	  
biomass	  es,mates	  

•  Current	  research	  focuses	  on	  this	  parameter	  because	  it	  varies:	  

•  As	  a	  func,on	  of	  the	  trophic	  level	  

•  Spa,ally	  

•  Temporally	  

•  And	  following	  the	  es,ma,on	  methodology	  

SensiPvity	  analyses	  

1.	  IntroducPon	   2.	  Meta-‐analysis	   3.	  Mapping	   4.	  Conclusion	  

Maureaud	  (unpublished)	  



4.	  Discussion/Conclusions	  



•  Modelling	  climate	  change	  impacts:	  

•  Change	  in	  primary	  producPon	  values	  

•  Change	  in	  sea	  surface	  temperature	  (kinePc)	  

•  Change	  in	  the	  transfer	  efficiency	  
•  Phytoplankton	  size	  composi2on	  
•  Species	  assemblage	  
•  Impacts	  of	  the	  changes	  in	  temperature	  

Discussion/Conclusions	  

1.	  IntroducPon	   2.	  Methods	   3.	  Results	   4.	  Conclusion	  



•  Ecosystem	  model	  with	  few	  parameters	  based	  on	  established	  
ecological	  principles	  -‐>	  comparison	  at	  a	  global	  scale	  

•  Insights	  into	  the	  effects	  of	  parameter	  uncertainty	  on	  global	  biomass	  

•  Help	  to	  highlight	  prioriPes	  for	  future	  research	  and	  data	  collecPon	  
•  Need	  to	  put	  more	  effort	  on	  the	  study	  of	  the	  Transfer	  Efficiency	  

•  However,	  simple	  model	  structure	  and	  global	  processes	  lead	  to:	  
•  Several	  groups	  and	  processes	  of	  ecological	  and	  conservaPon	  interests	  

not	  accounted	  for	  
•  Model	  less	  useful	  when	  dealing	  with	  biodiversity,	  resilience,	  social	  

aspects,	  and	  impacts	  at	  smaller	  scales	  

Discussion/Conclusions	  

1.	  IntroducPon	   2.	  Methods	   3.	  Results	   4.	  Conclusion	  



Thanks for your attention! 

Any questions? 

m.colleter@oceans.ubc.ca 


