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Ecopath with Ecosim #7

3 &
e Software system BN -

e Open source-code

e freely available

e www.ecopath.org

Ecopath: Mass-balance book-keeping

Ecosim: Time-dynamics, policy
exploration modules, MSE, ...

Ecospace: Spatial- and time-dynamics
Ecotracer: Tracking persistent pollutants



F.copath food web model:
a snapshot of the ecosystem state,
interactions, and exploitation
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Mass balance: cutting the pie
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Abundance, mortality,
catches, feeding rates
diets, growth, interaction
terms, carrying capacity,
persistent pollutants,
habitats, nutrient loading,
climate indica-tors,
migration, dispersal
occurrence, distribution,
costs, subsidies, prices,
values, ecosystem
services, employment

EwE
data, models, and uses

Parameterization
Ecopath

Time-dynamics
Ecosim

Spatial-dynamics
Ecospace

Persistent
pollutant dynamics

Environmental
assessments, network
analysis, ecological
theory, fisheries manage-
ment, adaptive manage-
ment, culling, ecosystem
manipulation, protected
areas, spatial zoning,
policy exploration,
fisheries sector optimi-
zation, conflict reduction,
climate scenarios, MEA,
GEO4&5, gaming, ...
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also activities on
the other side
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Home Foundations Transformations Yisions Top Tens Collections

About the Top Tens: The Breakthroughs
Celebration

Events and The Breakthroughs
Activities

View Top Tens
History Makers
The Breakthroughs

*The [ECOPATH] model’s

simpiicity and its ability to Historic Events
accurately identify ecological 3
' F
Featurs Stories relationships have revolutionized S‘:‘t‘:da“" Bl
Collections scentists’ ability worldwide to
understand complex marnne
. - ecosystems. - Also View:
NOAA Historical "In the late 1960s, NOAA's Breakthroughs
Resources Geophysical Fluid Dynamics Honorable Mentions
Eor Kids and Laboratory ...developed the
first-of-its-kind general Top Ten
Educators : :
circulation chmate model that Breakthroughs
combined both oceanic and Multibeam sonar (illustrated below the
_ atmospheric processes. ﬁh'g) Was i.ma]or brgaktgrc;ugh in Climate Model
© This it % : ydrographic surveying. Data ‘
° frle Scientists were now able to acquired with multibeam sonar have Coronagraph in
NOAA understand how the ocean and  ravolutionized human understanding Space
atmosphere interacted with of the seafloor and the efficiency of g :
each other to influence NOAA's Office of Coast Survey ECOPATH Modeling

offshore surveying.

climate.” Global Positioning

System
“White ecoloqists have long
studied and taught the concept of ecosystems, the concept of
large marine ecosystems is a breakthrough in understanding how
best to manage large ocean areas for sustained bological ;?r l°'”;‘:rrn”°

productivity.” R

Hydrographic Survey
Techniques
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Technical status of EwWE(5)

Under development for 17 years by 2006
Visual Basic 6 (*1998,1t2005)

Technically reached limitations

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

Move to object-oriented environment

Scary part: overhauling a scientific software
often equates to killing it
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EwWEG overview

Scientific Interface Plug-ins

EwE Core

Ecopath Ecosim Ecospace

Data source |

Source code (live) available for download through cvs



Plug-in
points

( Initialized ,
/ Load Model .—

v

>( Model loaded ,—
/ Run Ecopath .—

/ User input Mass balanced
/ Load scenario ’—

v

>( Scenario Ioade’
/ Run Ecosim ’-

' Plug-in point

' Plug-in point

__________ ' Plug-in point

__________ ' Plug-in point

' Plug-in point

' Plug-in point

' Plug-in point

__________ ' Plug-in point

v
/ Perform time steEJ[‘- ----- ' Plug-in point
v

__________ ' Plug-in point




Extending EWE:
With plugins you can

Add variables to models

Add calculations to models
Change calculations in models
Add user interface elements
Change existing user interfaces

Use EWE output elsewhere
Use other data as inputs for EWE



Climate — GCM - EwE linkages

— Salinity <> Detritus dynamics

—> Temperature <> Primary producer

>0, dynamics

> pH 4 First-orgler consumer
dynamics

—> Nutrients

| & Second-order
- Advection consumer feedback



EwWE model linkages: work in progress

* ROMS and climate * Spatial optimization —
models - EwE MARXAN Bridge
— NOAA GFDL/Princeton  Nereus model (global
— FLEM spatial modeling

* Baltic NEST EwWE-BGCM complex

* Adriatic Sea EWE-BGCM * Visualization and

* North Sea EWE-GOTM/ gaming: Ocean Summits
ERSEM

* Pacific Oean Nemuro-
Ecosim @™ Nereus

/3
‘H PREDICTING THE FUTURE OCEAN
VD




Ecopath Consortium

e |nitiated in 2011

= . . an eveloP™
e Currently has ~10 \ ressar 4
institutions as members, — |

S
\ : peveloP™

......

(20 expected in 2012)

e Arranges support \
(subscription through the Consortium)

e Coordinates R&D



Oceanography and fisheries

 Who did it?
 What drives change in ecosystems?
Pacific halibut catches

il

1929 1834 1939 1944 1949 1954 1959 1964 1969 1974 1979 1984 1989 1994

Millions of pounds
8888888

-
o o




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

*  What do our fisheries ‘bibles’” have to say about
environmental impact on fish populations?

+*  Nothing. It is not of major concern for tactical management
& J &

| Fisheries Stock
Assessment

Choice, Dynamics
& Uncertanty

{ Rﬂy W ‘ Walwers

19



Environmental forcing in Kwk.,

* Force nutrient supply

* Force primary production

* or secondary, or any

group

* Couple or link to
hydrographic model

* Force temperature, salinity,
Oy, pH, ...

* Long time series should be
used for contrast

35 r

3.0 r

25

20 t

15 r

1.0

05 r

0.0

1950

1960

1970

1980

1990

2000
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Modeling process: fitting & drivers

Formal estimation

i Fishing i

| ; Ecosystem model Search i

i (Diet))——— ) ] L |

_:L (predation, Predicted C, B, | _ 98 for R 5
S e Z) competition, Z, W, diets Likelihood minimi- | l
| i 0 mediation, zation : :
| i (Beo/By——— age structured) | |
e | |
| | |
| ! ‘ _ Observed B
| i Climate Nutr|.ent Habitat C,B,Z,W, diets il
| : loading area : :
B !
Bt el
| i ! |
| ! Il
| 1 : I
IR e e RN N i | e S e N e T ST S e MR T ) LT e IR R L T [ g e L :
|
! Judgmental evaluation I
| O AN RO E AL Ak RTINS, T o i SRR LD UG M : |
, ! | |
| | Choice of parameters i :
: E to include in final Error I e e Sy !
“““““““““ T CETiTTie BN [t a0 b A A e R e = :
: anomalies) lese=ial i

Christensen & Walters 2005, 2011



Time series fitting for ecosystems

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

*  We can evaluate the relative impact of these factors

22



Are seals
causing fish
declines in the
Georgia
Strait?

s it fishing?

Is it environ-
mental
change?

Or, is it all
three?

Adult Chinook Biomass

- ..~°
W\:’m
Mf

Adult Coho Biomass
®

Hake Biomass

/\w/\.,\

Lingcod Biomass

Adult Herring Z

Juvenile Coho Z

Juvenile Coho Z (PSARC)

Juvenile Coho Z (Beamish)

Juvenile Chinook Z (Beamish)

Seabird N

[Res. Orca N

M

Res. OrcaZ

Juvenile Herring Biomass




PP anomaly and climate indicators
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Abundance




L.essons learned (40+ ecosystems)

KX

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:

26



Relative biomass

What happens in the food web?

Benguela current

"~ Anchovy Sardine Snoek  Seabirds

/, N / / +20% PP ——= +70% sardine

"/"
"// \
B e e — -

— h

f‘___._“* m e ——— —

Zpoplankton
0 1
T o al o e 2000 P ] 200 2% P 25
Year
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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)

Producer
species

Consumer <«—— Seller <4—— Distributor <«—— Processor

Christensen et al., 2010



Fivaluating trade-offs

Impact by

Ecological (“Mixed trophic impacts”)

Pinnipeds
Birds

Sharks

Rays

Bonito
Mackerel
Horsemackerel
Anchoveta
Sardine

hake
Demersals L
Cephalopods
Shrimps
Lobster Crabs

Reduced effort by

.............. Pinnipeds
EEERSEeeEESREEE -
BeEEEEeERREEEN -
.............. Mackerel
.............. Horsemackerel
.............. Anchoveta
EERREeEeESREEE o
HEEERSREERRNaRN -
..... ........ Demersals L

Would impact value of

Anchoveta industrial
Other demersals

Total

Anchoveta industrial
Artisanal (nets)
Sardine boats

Hake trawlers
Pelagic boats

Squid boats
Shrimpers
Horsemackerel boats
Mackerel boats

Bonito boats

Other demersals



°
Direct absorption Decay / metabolism
raC l I I g from environment rate
° \ /
p ( EI.SlSt( tnt Detritus
(death & excretion)

Concentration in

pollutants:  Lessee
(Ecotracer)

Contaminant W& 2
= 2 concentration in

roup biomass fmy’ S
g © p O 55 Loss through
emigration

Loss through
Uptake with food predation

* 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

Top 1-10

Conc. scale: 10°-1

1.18
1.06

0.95]
0.83]
0.71)
0.59]
0.47]
0.35]
0.24
012
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Management Strategy Evaluation

Evaluate how uncertainty impacts fish stocks and the fishing industry

32



Biomass Catch
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Biomass Catch
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|
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Alternative quota procedures
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0.87
0.77
0.6T
0571
0.471
0371
0.27
0.11

Exploitation rate (catch/biomass)
Exploitation rate (catch/biomass)

Biomass (mill. t) Biomass (mill. t)
Browg22 (W RIowIg22 (W' )

0.9t
0.8t

. 0.7T1
High average catches o6}
0.5t
0.41
Low variability in catches ] 0.3}

0.2t
0.11

Exploitation rate (catch/biomass)

Biomass (mill. t)
RIowIg22 (W' f)




Spatial model (KEcospace)

oxc

oxc

KX

Links to:

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

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

Zoning use

=lolx|

EXEcospace basemap from database
Enter coordinates: N /S EfW

[Negative for W and S)

IBZ— |4— Clear " 1/2 degree grid
|51— |9— oo 18 km scale

€ Zkmscale

Upper left comer Process coordinates for

Ecospace w/o updating
basemap

Lower right corner

Get map I

[Ise depth strata

4 for hablf.at.sz

[~ Show values

¢~ Land areas
Habitat type
[depth strata)

" Depth

€ Tempat10im
(¢ PP [gC/m24y)

€ Distance to coast:

Calculate PP I

PP = 4881
gC/m2/year. Using
a conversion factor
of 1 aC to 9 gw'w/

this corresponds to
4333 g/m2/year




Ewk modeling integrates
many spatal layers

Policy & awareness

Economy & social
Seafood
Biodiversity
Productivity

Climate & currents

38



Habitat capacity modeling in Ewk

+ Reads environmental maps (from
GIS and NetCDF)

+ Spatial cells have - i Eagan
properties for £
different habitat
types, e.g., %hard
bottom

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

Resulting capacity



FE.cospace 1BM representation

Spatial cells encountered
by the packet vary in:

» habitat type

* prey densities

» predation risk

- fishing effort

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)



Ecosim, Ecospace (& IBM) give similar

time predictions and fits to historical data
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Spatial optimization

* New module in Ecospace with two approaches for
optimization

1. Ecoseed

2. Importance layers

Christensen et al., 2009



E.coseed

.:0

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

I
-t N B

Christensen et al., 2009



E.coseed results

*  Objectivity function 0
values (Y-axis, relative) E
against proportion of 2
area closed to fishing '§

(X-axis) based on seed
cell selection.

* Target species dispersal
rate is 300 km-year! (A,

C), and 30 km-year-! 2
(B). E

+ Initial number of seed S
cellsis 3 (A, B) or all L
cells (C).

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

T
0.0

0.2

I
0.0

I
0.2

Protected (prop.)

0.2 0.4 0.6 0.8 1.0

Protected (prop.)

- Biomass diversity
~~~~~~ Ecosystem structure
--- Employment
— Net economic value

Baseline

Christensen et al., 2009



Importance layers

Importance
layer 1

Importance Importance
layer 2 layer n

|

* Uses importance layers Seleat cels for No

Runs done? Yes?

Summarize results

protection

similar to MARXAN

Run Ecospace,
evaluate

objectivity function

Christensen et al., 2009



Importance layers

-ou BOSS 009 005 004 006 008 o004
0.01 .0.73 058 005 003 O O 00 3
e 1 |

048 048

+  Assign importance weighting factor to each layer

Christensen et al., 2009



Importance layers

Importance
layer 1

Importance Importance
layer 2 layer n

|

* Uses importance layers Seleat cels for No

Runs done? Yes?

Summarize results

protection

similar to MARXAN

Run Ecospace,
evaluate

objectivity function

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
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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

aplace of mind

) 7N i

The Nippon Foundation
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Simulating the
Future Ocean

Temperature, :
sﬁl‘i:ﬂv Oxygen, pH | Wind & climate
Primary
Fish prices
production W =
> Global ocean
ooplankion circulation
oroduch Fishing effort
Biodiversity l Fish catches
Ecopath model
ish abundance | 1950-2050 [ fact
& production Sociel factore
rine mammals Polici
Fishei
ManAgement AN Je
govemance
Marine birds Regulations

Integrated ecosystem analysis



ommunicating the science
We're good with spreadsheets and graphs
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B |Lo|es Results form: displays mass-balance solution 2 / : \\\“/ Giouper 13
[ S sh
Trophic | Habitat Bio!nass o Biomass Prod.fbiom. | Cons.fbiom. | Ecotrophic | Productic | / & o
Srodp e level | area | MOBtEtErEa | pnay (iyean) (year) | efficiency | consumpl *° /
(tkm?)
1 -3 Red Dran 3.01| 1.0000 0.000182 0.000181 2.0000 351172 0.5525 04
| 2 |3-8Red Drum 3.11| 1.0000 0.00434 0.00493 3.5000 12.5518 0.0175 03
| 3 |8-18Red Drum 3.59| 1.0000 0.0324 0.0323 1.1000 5.5996 0.0000 0.
| 4 |18-35 Red Drum 3.59| 1.0000 01285 01234 0.6000 32163 04713 0.4
| 5 |36+ Red Drum 3.58| 1.0000 2.0000 2.0000 0.1500 1.7800 0.0002 040
| 6 |0-3Sea Trout 3.08| 1.0000 0.0000909 0.0000908 6.0000 36.0603 0.5638 0.4
| 7 |3-18 Sea Trout 3.45| 1.0000 0.0260 0.0260 1.4000 6.2433 0.0465 03
| 8 [18+Sea Trout 3.68| 1.0000 0.2200 0.2200 0.7000 2.4900 0.3265 03
| 9 |0-6 Mullet 2.85| 1.0000 0.0343 0.0343 3.0000 50.0180 07728 04
| 10 [6-18 Mullet 2.91| 1.0000 05224 05224 1.8000 18.2253 0.4541 0. i
| 11 |18+ Mullet 2.03| 1.0000 28000 2.8000 0.8000 8.0000 05417 04
| 12 [Mackrel 0-3 3.22| 1.0000 0.0000368 0.0000368 4.0000 36.5667 0.0205 o[ " s '3’:':::!
| 13 |Mackrel 3+ 3.98| 1.0000 0.2500 0.2500 0.7000 3.0000 05720 03 s
14 |Ladyfish 0-10 3.23| 1.0000 0.00979 0.00979 2.8000 10.7046 0.3336 04|30 S/ oot
F Ladyfish 10+ 3.30| 1.0000 0.0830 0.0890 1.6000 3.6000 01141 04
[ 16 |Grouper 0 3.08[ 1.0000 000450 000450 20000 5.4569 0.0000 od| Morts Cal B |
EGroupev 13 3.53| 1.0000 0.0246 0.0246 0.6000 38085 01357 oq *° _ Rety |
| 18 |Grouper 3+ 3.82| 1.0000 0.5200 05200 0.4500 1.5300 0.4275 03 ™ Show cuvent group only
| 19 |Jacks 3.79| 1.0000 01513 01513 0.8000 2.0000 0.2000 04 o
| 20 |Bay Anchovy 2.75| 1.0000 1.0947 1.0847 25300 14.0000 0.6000 0
| 21 |Pin Fish 2.62| 1.0000 3.0000 3.0000 1.0190 8.0000 0.3954 0.
22 |Small fish 269| 1.0000 3.2000 3.2000 1.1000 12.0000 0.6067 0.
z Silver Perch 3.6/ 1.0000 1.5349 15349 1.4000 9.0000 0.3000 0.4
e e e s CoTrye S
<
Basic estimates | Key indices | Moltaliliesl Consumplion| Hespivation| Niche overlap | Electivity I Search rates | Fishely| |

Press F1 for help (open a model first) NUM | 2/29/200 5:06 PM
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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: NereusProgrs



