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BOATS
upgrade

B Poor performance in the
open ocean

B Separate benthic and
pelagic pathways

B Iron limitation in HNLC
regions

B Spatially varying
economic forcings
(catchability, fishing
cost)
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BOATS
upgrade

B Poor performance in the
open ocean

B Separate pelagic-benthic
pathways

B Iron limitation in HNLC
regions

B Spatially varying
economic forcings
(catchability, fishing
cost)

2y]

0.

10

1-0.5







BOATS

Environmental
forcings

Pelagic

resource (M)

Demersal

Growth rate (y) limiting terms

possible
" growth rate of

Fish biomass spectra effort

| small group / —y =
R 1N effort

)(Elarge)
AR

Economic
forcings

m—

cost per unit effort (c)

catchability (q)

[

L

o
ol =9
-4

.

N

ex-vessel price (p)

—




Observations needed
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Main observational constraints

1.

2.

Sea Around Us + Watson: Global peak catch

70 < Crax < 150 Mt y*

Sea Around Us: Demersal-pelagic catch ratio at peak
0.8 < Cdem/cpe[ <1.8

RAM Legacy Database: Catch-to-biomass ratio (25 LME
averages)

Distribution match with data

. Sea Around Us: Relative size abundance

0.3 Csmau < Crnedium
01 Csmall < Clarge < 08 Csmall



The peak catch as tuning criteria

A given catch can be aquired by many combinations of ecological and socioeconomic

factors

But the highest possible catch, C ., is an ecosystem feature

Humanity has unintentionally sampled
Cimax in many regions through heavy
fishing

We can get C,,ax in BOATS by increasing
catchability over time
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The peak catch as tuning criteria

A given catch can be aquired by many combinations of ecological and socioeconomic

factors

But the highest possible catch, C ., is an ecosystem feature

()

Humanity has unintentionally sampled
Cimax in many regions through heavy
fishing

We can get C,,ax in BOATS by increasing
catchability over time

Parameters that reproduce observed
Cmax are more realistic

We can use the peaks (global and
regional) as tuning constraints!
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Uncertain parameters

B BOATS has ~ 30 ecological parameters
B 11 of them uncertain enough to use range of possible values

Parameter Name

Wa, A Growth activation energy
Wa, A Mortality activation energy
b Allometric scaling exponent
Ag Allometric growth constant
h Allometric mortality scaling
C1 Mortality constant

o' Trophic efficiency

B Predator to prey mass ratio
Se Egg survival fraction
Cme i Selectivity position scaling

logio(mp) Mean benthic size




The Monte
Carlo

a Bm rg@‘; bmbinations

from a range of possible
parameter values

B Do this 20 000 times and
run simulations with
increasing catchability for
each parameter set...

B ..then discard combinations
that don’t recreate the
observational constraints

TSAU
LM Emazx

Total catch at peak (logl0 102 g y 1)

Demersal / Pelagic catch at peak (logl0)

1

0.8

§ 0.7
10.6

0.5

0.4

0.3

02

0.1




. . 1. Global catch: 12% of simulations
F] lte Il ng 2. + Cgemersal / Cpelagic: 3% of simulations
3. + Catch / Biomass: 0.8 % of simulations
4. Size abundance: 0.2 % (42 simulations)
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Uncertainty ranges

Catch (Mt wB)
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LME90s
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Additional constraints

Mean depth of

catch
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Additional constraints

Trawl and survey biomass
BBOA?QSta

90s
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Observed biomass (log,,(g m2))

Acoustic biomass data...?







Scenario uncertainty
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Structural uncertainty
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Parameter uncertainty

Scenario means

Fish biomass change
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Internal variability

Scenario means
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... and fishing scenario uncertainty?
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Summary

B Parameter uncertainty is huge without observational constraints

B Global biomass and catch datasets can greatly reduce
parameter uncertainty

B Peak catch is an ecosystem characteristic useful for
parametrization

B Monte Carlo approach yields estimate of parameter uncertainty

B Complemetary observations (depth of catch, trawl surveys,
acoustic data) can continue to improve model skill

B Scenario uncertainty for fishing is large but can be assessed by
end-member scenarios



Compensation in parameters
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Internal variability

Fish biomass change
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Fishing effort
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