
Ecopath	
  with	
  Ecosim	
  6	
  
	
  An	
  introduc3on

Villy	
  Christensen

Villy	
  
Christensen

Joe	
  
Buszowski

Robyn	
  
Forrest

Fang
Gao

Carie
Hoover

Joe
Hui

Sherman
Lai

Jeroen
Steenbeek

Will	
  and	
  Carl
Walters

Dalai	
  
Felinto

Mike
Pan

Barnegat Bay Partnership Ecosystem Modeling Workshop

Ocean County College, Toms River, New Jersey 
March 12-15, 2012



2

Ecopath	
  with	
  Ecosim
• So$ware	
  system
• Open	
  source-­‐code
• Freely	
  available
• www.ecopath.org

Ecopath:
Ecosim:	
  
	
  

Ecospace:
Ecotracer:

Mass-­‐balance	
  book-­‐keeping	
  
Time-­‐dynamics,	
  policy	
  
explora3on	
  modules,	
  MSE,	
  ...

Spa3al-­‐	
  and	
  3me-­‐dynamics
Tracking	
  persistent	
  pollutants



Ecopath food web model: 
a snapshot of the ecosystem state, 

interactions, and exploitation

Chesapeake Bay, Christensen et al. 2009
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Mass balance: cutting the pie

Other 
mortality

Harvest

Consumption

Predation

Predation

Predation

Predation

Other 
mortality

Other mortality

Predation Respi-
 ration

Harvest

Unassi-
milated
    food

Respi-
 ration

Unassi-
milated
    food

Unassi-
milated
    food

Respi-
 ration



EwE	
  
data,	
  models,	
  and	
  uses

Parameteriza3on
Ecopath

Time-­‐dynamics
Ecosim

Spa3al-­‐dynamics
Ecospace

Persistent	
  
pollutant	
  dynamics

Abundance,	
  mortality,	
  
catches,	
  feeding	
  rates	
  	
  

diets,	
  growth,	
  interac3on	
  
terms,	
  carrying	
  capacity,	
  
persistent	
  pollutants,	
  

habitats,	
  nutrient	
  loading,	
  
climate	
  indica-­‐tors,	
  	
  
migra3on,	
  dispersal	
  

occurrence,	
  distribu3on,	
  
costs,	
  subsidies,	
  prices,	
  
values,	
  ecosystem	
  

services,	
  employment

Environmental	
  
assessments,	
  network	
  
analysis,	
  ecological	
  

theory,	
  fisheries	
  manage-­‐
ment,	
  adap3ve	
  manage-­‐
ment,	
  culling,	
  ecosystem	
  
manipula3on,	
  protected	
  
areas,	
  spa3al	
  zoning,	
  
policy	
  explora3on,

	
  fisheries	
  sector	
  op3mi-­‐
za3on,	
  conflict	
  reduc3on,	
  
climate	
  scenarios,	
  MEA,	
  
GEO4&5,	
  gaming,	
  ...
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and	
  there	
  are	
  
also	
  ac3vi3es	
  on	
  

the	
  other	
  side

	
  Mote	
  lab

Charles	
  Darwin	
  
Research	
  Sta3on,	
  
Galapagos

Four	
  Fish.	
  Commissions

Prince	
  William	
  Sound
	
  NMFS,	
  Bering	
  Sea,	
  GoAlaska 	
  Greenland	
  

Fisheries	
  Inst.Faroe	
  Fisheries	
  Inst
IMR,	
  Bergen

DIFRES

CEFAS,	
  LowestoZ

Santander

	
  FL	
  FWRI

S	
  Atlan3c	
  MFC

	
  NOAA

	
  Fish.	
  Inst,	
  Lisboa
Six	
  West	
  African	
  
Countries

Concepcion,	
  Chile

	
  Namibia

Cape	
  Town

DFO

Tongoy	
  Gulf,	
  Chile

Colombia

Venezuela

Argen3na

Sao	
  Paulo,	
  Brazil
Abrolhos,	
  Brazil

Trinidad,	
  Tobago

Jamaica,	
  BVI,	
  …

	
  La	
  Paz,	
  Mexico

Azores	
  F.I.G.o	
  Mexico
	
  Yucatan	
  reefs

Trop.	
  Tuna	
  Comm.

Venice/Trieste

Virginia	
  IMS

	
  NCEAS

UoWisconsin

=	
  training	
  
courses	
  /	
  
workshops

UBC

Ecopath	
  project	
  ac9vi9es

	
  NMFS,	
  Galveston

	
  Angola

GEF/LME	
  GoGC	
  
19	
  countries

	
  NMFS,	
  Honolulu

Swedish	
  Fisheries

Poland
Estonia,	
  Latvia,	
  Lithuania

The3s,	
  Greece

	
  Dominican	
  Rep.

GoMexico	
  FMC

>400	
  models
>6000	
  reg.	
  users
155	
  countries

IFREMER

Stockholm	
  Univ.
FIMR,	
  Helsinki
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NOAA	
  celebrates	
  200	
  year
h=p://celebra@ng200years.noaa.gov/breakthroughs/welcome.html



but
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Technical	
  status	
  of	
  EwE(5)
• Under	
  development	
  for	
  17	
  years	
  by	
  2006
• Visual	
  Basic	
  6	
  (*1998,†2005)
• Technically	
  reached	
  limita3ons

– Notably	
  with	
  regards	
  to	
  linking	
  to	
  other	
  models/
modules	
  &	
  modelers

• Move	
  to	
  object-­‐oriented	
  environment
• Scary	
  part:	
  overhauling	
  a	
  scien3fic	
  soZware	
  
oZen	
  equates	
  to	
  killing	
  it

9







EwE6	
  overview

Source	
  code	
  (live)	
  available	
  for	
  download	
  through	
  cvs	
  
12



Plug-­‐in	
  
points



Extending	
  EwE:	
  
With	
  plugins	
  you	
  can

• Add	
  variables	
  to	
  models
• Add	
  calcula3ons	
  to	
  models
• Change	
  calcula3ons	
  in	
  models
• Add	
  user	
  interface	
  elements
• Change	
  exis3ng	
  user	
  interfaces

• Use	
  EwE	
  output	
  elsewhere
• Use	
  other	
  data	
  as	
  inputs	
  for	
  EwE



Climate	
  –	
  GCM	
  –	
  EwE	
  linkages

→	
  Salinity
→	
  Temperature
→	
  O2

→	
  pH

→	
  Nutrients
→	
  Advec3on

↔	
  Detritus	
  dynamics
↔	
  Primary	
  producer	
  	
  
	
  	
  	
  	
  dynamics

↔	
  First-­‐order	
  consumer
	
  	
  	
  	
  dynamics

←	
  	
  Second-­‐order	
  	
  	
  
	
  	
  	
  consumer	
  feedback

15



EwE	
  model	
  linkages:	
  work	
  in	
  progress

• ROMS	
  and	
  climate	
  
models	
  -­‐	
  EwE
– NOAA	
  GFDL/Princeton
– FLEM

• Bal3c	
  NEST	
  EwE-­‐BGCM
• Adria3c	
  Sea	
  EwE-­‐BGCM
• North	
  Sea	
  EwE-­‐GOTM/
ERSEM

• Pacific	
  Oean	
  Nemuro-­‐
Ecosim

• Spa3al	
  op3miza3on	
  –	
  
MARXAN	
  Bridge

• Nereus	
  model	
  (global	
  
spa3al	
  modeling	
  
complex

• Visualiza3on	
  and	
  
gaming:	
  Ocean	
  Summits

16



Ecopath	
  Consor3um

• Ini3ated	
  in	
  2011
• Currently	
  has	
  ~10	
  
ins3tu3ons	
  as	
  members	
  
(20	
  expected	
  in	
  2012)

• Arranges	
  support	
  
(subscrip3on	
  through	
  the	
  Consor3um)

• Coordinates	
  R&D

17



Oceanography	
  and	
  fisheries

• Who	
  did	
  it?
• What	
  drives	
  change	
  in	
  ecosystems?

18

Pacific	
  halibut	
  catches



Oceanography and 
fisheries research
✤ A 70-year dispute: The Thompson-Burkenroad 

debate; who did it? The environment or the 
fisheries?

✤ Disconnect between oceanographic and fisheries 
research
✤ Oceanography focuses on productivity and perhaps 

impact on zooplankton and fish eggs and larvae
✤ Fisheries on dynamics of recruited fish populations
✤ Focus on variability vs averages characteristic for 

both fields

19

✤ What do our fisheries ‘bibles’ have to say about 
environmental impact on fish populations?
✤ Nothing. It is not of major concern for tactical management
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Environmental forcing in EwE

✤ Force nutrient supply 

✤ Force primary production 
✤ or secondary, or any 

group

✤ Couple or link to 
hydrographic model

✤ Force temperature, salinity, 
O2, pH, ...

✤ Long time series should be 
used for contrast



Modeling process: fitting & drivers

Christensen	
  &	
  Walters	
  2005,	
  2011

Formal	
  es9ma9on	
  

Ecosystem	
  model	
  
(preda3on,	
  
compe33on,	
  
media3on,	
  

age	
  structured)

Climate Nutrient
loading

Fishing

Predicted	
  C,	
  B,	
  
Z,	
  W,	
  diets

Observed
C,B,Z,W,	
  diets

Log	
  
Likelihood

(	
  BCC/B0)

(Diet0)

(Z0)

Habitat	
  
area

Error
pasern	
  

recogni3on

Choice	
  of	
  parameters
to	
  include	
  in	
  final	
  

es3ma3on	
  (e.g.,	
  climate	
  
anomalies)

Judgmental	
  evalua9on

Search	
  	
  
for	
  

minimi-­‐
za3on
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Time series fitting for ecosystems

✤ Fitting calls for describing fisheries, food web, and environmental 
impacts 

✤ We can evaluate the relative impact of these factors
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Are	
  seals	
  
causing	
  fish	
  
declines	
  in	
  the	
  
Georgia	
  
Strait?
	
  
Is	
  it	
  fishing?	
  

Is	
  it	
  environ-­‐
mental	
  
change?

Or,	
  is	
  it	
  all	
  
three?

1950 19502000 2000‘50 ‘50 ‘90‘90
5
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PP anomaly and climate indicators

• Strait	
  of	
  Georgia
– 	
  Race	
  Rocks	
  Salinity,	
  Feb-­‐May

• BC	
  shelf
– 	
  Upwelling,	
  May-­‐July,	
  54°N

• NE	
  Pacific
– 	
  PDO,	
  Feb-­‐July

Preikshot	
  (UBC)	
  2007

Pr
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Salinity
U
pw

elling
PDO



Competitive Interactions

Fishing

Ocean Climate 
Change

Predation

Alaska 

Aleutian Islands

Guénette, Heymans, Christensen & Trites (CJFAS, 2006)

1960 1980 2000
0

10,000

20,000

30,000

40,000

A
bu

nd
an

ce
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Lessons learned (40+ ecosystems)

✤ Ecosystem models can replicate historic changes in ecosystems and be 
used to evaluate the relative impact of fisheries, food web dynamics, and 
environmental change

✤ Fitting calls for evaluating food web, fisheries, and environmental 
impacts 

✤ Changes in environmental productivity are often amplified through the 
food web: 
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What happens in the food web?   

Anchovy Sardine Snoek Seabirds

Zooplankton

Year

Re
la

tiv
e 

bi
om

as
s

+20% PP ––> +70% sardine

Benguela current



Amplification thru the food web

✤ What causes amplification? 
• More food results in surplus beyond maintenance that can be allocated to 

growth and reproduction

✤ Modeling key factor: can the predator increase its food intake?
• Correlates with density-dependent factor, which explains 20-80% of 

variation
• Also modified by food web, notably prey availability

✤ Modeling artifact? 
• Not likely

✤ Consequence? 
• Ecological impact is not necessarily a linear function of habitat impact  

28



We model from sea to plate

✤ Consider ecological, social, and economic consequences (and drivers)

Fish 
species

Environ-
ment Ecosystem Producer

ProcessorDistributorSellerConsumer

Christensen et al., 2010



Evaluating trade-offs

✤ Ecological (“Mixed trophic impacts”)
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Tracking 
persistent 
pollutants:
(Ecotracer) 
✤ Integrated in EwE
✤ Parallel simulation, tracking 

flow of pollutant through the 
food web

✤ Quantifies bio-accumulation 
and bio-magnification  

✤ Pollutant concentration can 
impact productivity of the 
group

Direct absorption 
from environment

Concentration in 
immigrating biomass

Uptake with food

Decay/metabolism 
rate

Detritus 
(death & excretion)

Loss through 
emigration

Loss through 
predation

Contaminant 
concentration in 
group biomass



Management Strategy Evaluation
Evaluate how uncertainty impacts fish stocks and the fishing industry 
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Sampling

Stock estim
ate
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Quota system (>5 mill. t)

Biomass Catch
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Quota system (>5 mill. t)
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Biomass Catch

Biomass (million tonnes)

Fr
eq
ue
nc
y

0 5 10 15 20

0
20
00

40
00

60
00

80
00

10
00
0

12
00
0

Catch (million tonnes)

Fr
eq
ue
nc
y

0 5 10 15
0

50
00

10
00
0

15
00
0

20
00
0

25
00
0

30
00
0

35
00
0

Fr
eq

ue
nc

y

Fr
eq

ue
nc

y



Bonito
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Alternative quota procedures
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Spatial model (Ecospace)

Links to: 

✤ Spatial databases 
for PP, depth, T, 
habitat structures,
...

✤ FishBase and Sea 
Around Us for 
occurrence,  depth 
dist., catches, ...

✤ Zoning use



EwE modeling integrates 
many spatial layers

Policy & awareness

Economy & social

Seafood 

Biodiversity

Productivity

Climate & currents

38



Habitat capacity modeling in EwE

Resul3ng	
  capacity

✤ Reads environmental maps (from 
GIS and NetCDF)

✤ Spatial cells have
properties for 
different habitat
types, e.g., %hard 
bottom

✤ Dynamic habitat 
model predicts how
productive individual
cells are for each
species



Ecospace IBM representation

State of each packet over 
time is represented by:
• X,Y position (spatial cell)
• Number of fish 
• Mean body weight
• Age (stanza)

Movement rules include random direction change (diffusion), oriented seasonal 
migration movement, and fitness gradient moves (toward cells with higher fitness 
as measured by the ratio (food availability)/(predation risk)

Spatial cells encountered 
by the packet vary in:
• habitat type
• prey densities
• predation risk
• fishing effort



Ecosim, Ecospace (& IBM) give similar 
time predictions and fits to historical data

✤ Fits to historical stock 
reconstructions (SRA) 
and abundance trend 
indices for selected 
species, Gulf of Mexico 
and central California 
coast.  



Spatial optimization

✤ New module in Ecospace with two approaches for 
optimization

1. Ecoseed

2. Importance layers

Christensen et al., 2009



Ecoseed

✤ Start by selecting a 
number of ‘seed’ cells, 
i.e. potential cells to for 
protection

✤ Define an objectivity 
function (same 
parameters as for 
policy search)

✤ Run routine; will cover 
the map and evaluate 
trade-offs

Christensen et al., 2009



Ecoseed results

✤ Objectivity function 
values (Y-axis, relative) 
against proportion of 
area closed to fishing 
(X-axis) based on seed 
cell selection. 

✤ Target species dispersal 
rate is 300 km·year-1 (A, 
C), and 30 km·year-1 

(B). 
✤ Initial number of seed 

cells is 3 (A, B) or all 
cells (C). 
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Christensen et al., 2009



Importance layers

✤ Uses importance layers 
similar to MARXAN

Select cells for 

protection

Importance 

layer 1

Importance 

layer 2

Importance 

layer n

Run Ecospace, 

evaluate 

objectivity function

Runs done?

No

Summarize results

Yes        

Christensen et al., 2009



Importance layers

✤ Assign importance weighting factor to each layer
Christensen et al., 2009



Importance layers

✤ Uses importance layers 
similar to MARXAN

Select cells for 

protection

Importance 

layer 1

Importance 

layer 2

Importance 

layer n

Run Ecospace, 

evaluate 

objectivity function

Runs done?

No

Summarize results

Yes        

Christensen et al., 2009



Importance layer results

✤ Basemap from importance layer 
sampling with 20,000 runs, 
selecting the run with the top 
1% objectivity function values. 

✤ Number sand shading 
(light=low; dark=high) indicate 
how many times each cell was 
included in the best runs, with 
the hatched cells being the 30% 
with highest count, that would 
be prime targets for protection. 

Christensen et al., 2009





Will there be fish for coming generations?

✤ Fisheries have collapsed across the globe linked to overcapacity of 
fishing fleets

✤ Predictions of future fisheries are dire, but build on very incomplete 
science

✤ The NF-UBC Nereus program is an international, interdisciplinary, 
cooperative research network designed to improve predictions, linking 
science - policy - people
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Simulating the 
Future Ocean

Integrated ecosystem analysis



Communicating the science
We’re good with spreadsheets and graphs

But ...



But the players are not scientists 

✤ How do you make the new Minister of Finance 
understand that selling licenses to foreign fleets or 
giving subsidies to increase the national fishing 
capacity may lead to lower catches, less income, 
and social unrest? 
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Nereus: Visualizing the Future 



YouTube: NereusProgram


