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A spectrum of tools, a spectrum of uses
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Stock assessments with add-ons:
explicit M2 or habitat or climate
considerations
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Integrated
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Modeling Approac

N Review

 Center for Indepenc

ent Experts Review (2011)

e Three main recommendations

e Broader focus on

direct impacts of fishing on

non-target species/habitats
e Further input from the economic and social

sclences

» Use models as operating models in Management
Strategy Evaluation (MSE) to explore tradeoffs
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Time — Linear State
Mechanistic No , | Empirical Multi- | __Series Space
Models variate Models _
> Non-linear
v Yes State Space

Yes Primary No _ _
Ecosystem Production —» { Multispecies Ordination :
Models Explicit Models Canonical
Physical Models
No Physical l \forcmg /
Forcing
Focus on
Upper Trophic Biological
Ener N : - -
Flow M%%Iels Levels and Environmental? 2 Technical Multispecies
NO Interactions Interactions Yield per Recruit
Static Yes| | Biogeochemical
Yes
/ Models Yes \ : :
Production S’i‘ge/ts'zed ﬁequler;fual
- . ructure opulation
Potential Age/Size/Space Models Anzlysis
Models Structured Ecosystem
Models M Y
Full . _
Network [© Non-Age/Size Extended Single
Models _ Structured _ Species Models _
Dynamic Interactions Models Interactions Full Age/Size
'mp"V Explicit Structured
) ! : Multispecies Models
Dynamic
Network Aggregate Extended Single Community Level
Models Species Models Species Models Models lEnvironmental terms added to

some but not all multispecies
models



Examples of Multispecies/Ecosystem Models

MS-PROD

Kraken

MS Delay Difference

MS Statistical Catch-at-age
MSVPA-X

Qualitative Network Model
EMAX

Rpath
Hydra

Atlantis

Gamble and Link 2009,
Gaichas et al. 2012

Gamble et al. In Prep, based
on Gamble and Link 2009

In prep

Curti et al. 2013

Tyrell et al. 2008, Garrison et
al. 2010

In prep

Link et al. 2006, 2007, 2008,
2009

Lucey et al. In Prep

Gaichas et al In Review,
based on Hall et al. 2006

Link et al. 2010, 2011

Published

Ongoing, Performance testing
initiated

Ongoing, Performance testing
initiated

Published

Published

Ongoing
Published

Ongoing, Parameterizing GB
Ongoing

V1.0 published, v1.5in
development



Kraken

(MS Surplus Production Modeling Framework)

Features

 Flexible framework for creating production
models

e Linear and logistic growth functions

e Inter and intra guild competition

e Predation (Type I, 11, I11I)

« Harvest (Catch, effort, fishing mortality)

« Covariates on growth or carrying capacity

e Fitting routines — Genetic Algorithm with
Least Squares/Maximum Likelihood in the
Works

e Estimates predation and competition
parameters, survey Q’s, covariates, and initial
biomass
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Catch ()

20000 30000 40000

10000

MS-PROD: NEUS-LME Simulation
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SCAA model detalls: 3-species example

Estimated parameters

Annual fishing mortality
rates

Fishery selectivity

Abundances in 18t year
Annual recruits

Survey selectivity
Survey catchabillity

Food selection parameters
Species preference

*Size preference

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 8



Spiny dogfish Winter skate

Silver hae
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Alantithlantic mackerel

9 species, 27 predator-prey interactions

Pollock
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How does predation compare to fishing?

Goosefish Cod - iviackerel
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Model Spiny dogfish Winter skate Goosefish
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EMAX

Trophic Level
w
|

Georges Bank

Odontocetes Sharks- pelagics Medium Pelagics- (piscivores & other)

HMS

Sea Birds

Demersals- piscivores Small Pelagics- squid

Demersals-:omnivores

Baleen Whales Demersals- benthivores Small-Pelagics- commercial
Small Pelagics- anadromous
Mesopelagics Small Pelagics- other
Larval-juv fish-all
Gelatinous Zooplankion
Micronekion Megabenthos- other
Large Gopepods Stpetal
Microzoop[ankton Macrobenthos- crustaceans Macrobenthos- pOIYChaeteS Macrobenthos- other
Small copepods Macrobenthos- molluscs
. Megabenthos-filterers
Bacteria
Discard Phytoplankton- Primary Producers Detritus-POC
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New implementation of EWE - Rpath

o Complement and expand the open source
nossibilities of Ecopath with Ecosim

 Use a platform widely used by ecologists, R

o Utilize the built-in statistical and graphical
capabilities of R
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multispecies
model

Multispecies: fish and commercial « 10 fish species: 2 elasmobranchs, 2 pelagics, 4
invertebrates groundfish, 2 flatfish

« 5 variable width size categories for each
species

Estimates predation mortality « Size specific predation mortality

= 2 growth forms, exponential and von
Bertalanffy

e Temperature covariate on both growth forms

e 3 recruitment forms: Ricker, Beverton-Holt,
Gamma (3 parameter)

Environmental covariates on growth,
maturity, fecundity

Multiple recruitment functions

Multiple fishing fleets « 3 fleets: bottom & pelagic trawls, fixed gear

Likelihood (or Bayesian) parameter : . .
estimation in ADMB » Simulation mode only, operating model

Spatial 1 area, “Georges Bank”
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True

biomass,
Hydra: ADMB Size o © catch
structured, 10 species, 3 T ———

fleet operating model

“Survey” =
biomass,

Production SAS LV: 38 DD:

model, Production Ssas Delay-

Gene.tlc model, FIML THE difference

Algorithm = = estimation Tornow. model, FIML

estimation L, 2 estimation
A

Calculate error, skill
metrics; estimated vs.
true biomass
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ATLANTIS - Spatial
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ATLANTIS - Biological Groups and Fleets

45 Functional Groups

—
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Biomass

Sea scallop

Lobster

Shallow macrozoobenthos

Other pelagics

S

Goosefish

Silver hake

Anadromous small pelagics

Yellowtail flounder

Haddock

Atlantic cod

Migratory mesopelagics

Atlantic herring

i ' .

Other demersal flatfish

White hake

Bluefish
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Atlantis — Ocean acidification
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: —— base effort
TotBio

TotCat © Avg.Income  —— half effort
— twice effort

Employment

Cat/Bio

DemPelFish ™ Income

Birds Sales

Seals

Whales ’
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Successes and Challenges

 Rich history of model development
« Many ‘flavors’ of MS and ecosystem models

« Assessment models for deriving biological
reference points

 Operating models for MSE

 Develop multi-model inferences for ecosystem
reference points

* Need more dedicated resources for development
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