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1. Precautionargpproach.
applicationof risk analysisto sheries management
uncertaintyin forecastingratherthanpointvalues

modeluncertainty

2. Ecosysteneffectsof shing andecosystenbasednanagement.
environmentalimpactof shing

technicalinteractionse.g. bycatchwhich caninvolve
discarding

multispeciesffectse.g. predationcompetition

3. Introducingpoorly understoogrocessewith noisydata
Increasesincertainty
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Uncertaintyfrom differentsources:

data:noise,bias! poorlyde ned parameters
- dataaresamplef removals
- shermendonot sh atrandom

modelstructure
- lackof model e xibility e.g.constanparameters
- assumeonstanspatialdistribution
- toomuch e xibility —poorly de ned parameters

Inconsistentatasources
con ict betweenshery dependenand shery independentlata

weightingof datasources
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Comparisorof datawith modelledpopulation:
directuseof data,doesnotrequireconstructiorof catchatage
matrices
assesg of modelto data
identify lack of e xibility in modelstructure
evaluateimportanceandexistenceof e.g. multispeciesffects
formal testingof interactions

uncertaintyin data! uncertaintyin parameters
Thisrequires:

objectve estimationprocedures
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Requiremodelswhich canconsiderfactorssuchas:

multispeciesffects
bottomup aswell astop down
bycatchanddiscarding

eet disaggregated

areadisaggrgatedandtime scaleof lessthanl year
spatialdifferencesn growth
predatorprey overlap
stagedependenmigration

e xible: morethanoneuse

generakcosystenmodelling& assessmenendmanagement
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An age—lengtrstructuredstatisticaimodellingframework.

Forward projectionmodel

Simulationmodel: Parametric
Structuralmodels— represenbiological processes
Parameteestimates

Estimation:Lik elihoodfunctions

Obsenationmodels— representhelink betweerthe
populationandsampleddata

Parameterganbeestimated

DatarequirementsFrom noneto enormous
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Model componentslescribe:

Growth: candependon consumption.

numberandmeanweightof sh storedfor eachageand
length

meangrowth for a givenlengthgroupis calculatedand
Spread

Mortality: dueto predationor othernaturalor shing
predationengthbasedsoaffectsmeanweightatage

Maturation:canbeageor lengthdependent
Consumptionsuitability functions
Migration: throughmigrationmatrices

Spavning: closedlife cycle, loseweightandincreasanortality
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Comparisorof obsereddatawith equvalentdatafrom themodel.

Lik elihoodfunctionsto link the modelwith thedata

Rangeof likelihooddatatypes

P
Optimisation:  (weightednegative log likelihoodcomponents)

Theobsereddata:

canbeonacoarserscalethanthemodeloperates

canbesampledrregularly

datatypesinclude:

Suney indices— relatve alundance

Catchdistribution — lengthdistributions,agelengthdistributions
Stockcomposition— ratio of immatureto matureata givenlength/age
Catchstatistics— meanlengthat age,meanweightatage
Stomachcontent— biomasgatio of prey in predatorstomachs
Mark—recapturelata
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X X X X

2
(ptr al tr al )
time ar eas ages leng ths

where
p is the proportionof the datasamplefor thattime/area/age/lengitombination
Is the proportionof the modelpopulationfor thattime/area/age/lengtombination.
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ISsues:
Contradictorydata— pull solutionin differentdirections.
Weightingin uencesparameterisation.

Needfor objectve weighting.

Somequestionsf interest:

cantheweightsin the objectve functionbe estimated
statistically?

canthepowertermof thesuney index be estimated?
areagedatarequired?
do thestartingparameteraffect the solution?

do moredatasetsn the objectve functionresultin a better
solution?
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Structure:
2 codcomponentsimmatureandmature( 2 species)
12 ages
singlearea
12 timestepgeryear
19years
3 eets: commercialnd2 suneys
Parameters:
Biological: growth, maturation

Abundancenumberatagein 1styear numberof agel for each
year

Fleets:selectionpatternfor each eet
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Landings— assumednown in this example

Biological samples:
- lengthdistributions
- agelengthdistributions
- agedistributions(excludedfrom estimation)

- ratio mature:immature
Suney indices:
- two sunweys (springandautumn)

- lengthdisaggregatedinto threeindicesrepresenting
agel, age2, age3+

13 components objectie function
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Springsuney
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Spring index Autumn index
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Standardelationshipbetweersuney index (I ) andpopulation
alundanceN ):

| = gN

whereq catchabilityand power allowing for non-linearrelationship.

Gadgetimplementationminimise:

X 2
S = In (1) + In(Ny)

time

whereeither =1 or estimated.
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Iteratve reweightingprocedure

1. Calculatesumof squaregor eachcomponentvith arbitrary
Initial parameterandall weights= 1.

2. Initial weightssetto inverseof sumof squaregor each
component.

3. For eachcomponentoptimisationrun with thatweight 10000.

4. Theresultingcomponenscoreindicationof how well
componentant themodel= ssg

5. Componentveightsetto componensize/minimumsse.(i.e.
Wi = N;=ssq)
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Sampling

Column:optimisingrun with heary weighton namedcomponent
Row: componenscoreof optimisedrun

LDs LDc LDa ALKs ALKc ALKa
LDs | 0.045 0.154 0.361 0.159 0.130 0.401
LDc | 4.488 0.892 12.06 7.982 1.945 9.627
LDa | 0.029 0.037 0.023 0.026 0.039 0.025
ALKs | 0.146 0.597 0.442 0.057 0.103 0.178
ALKc | 6.776 13.720 13.860 6.351 2.851 7.467
ALKa | 0.065 0.551 0.263 0.036 0.057 0.030
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selection growth maturity
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Within eachsuney, catchabilityincreasesvith length.
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score

score
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Autumn
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Autumn
1995 1996 1997
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Slopesof sunwey lengthgroupsl & 2 estimated.

Full reweightingproceduravith 3 setsof initial parametewalues:
1. arbitrary
2. outputfrom full estimatiorwith calculatedveightsand = 1

3. outputfrom estimationwith inverseweightsand = 1

X edpower estimategower (1 & 2)

|1 12 13 |1 12 13

I1s | 1.09 32.15 91.44 1.31 11.12 15.23
I2s | 2.08 0.03 40.95 4.74  0.06 7.26
13s | 0.75 149 0.35 2.38 1.08 0.34
Ila | 0.08 9.57 19.07 0.02 211 3.33
I2a | 0.88 0.03 6.36 2.38 0.01 2.38
I3a | 0.06 0.16 0.05 0.49 0.17 0.02
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Estimatedoower terms:

Springsurwey Autumnsuney
parameters| groupl group2 | groupl group2
1 0.72 0.00 1.01 1.04
2 1.98 1.70 1.77 2.10
3 1.99 1.69 1.73 1.97
o —---0----.—----.-----6-----.-----‘----0-----.-----‘-----. --------------- ¢ T
] ® standard vs Alt 2 : ' o
® standard vs Alt 3 °

T T T T T T T T T T T T T T T T
mat LDs LDc LDa ALs ALc AlLa ADs ADc ADa I1s 12s 13s I1la 12a 13a

—p.24/3
component



Differencan biomasdetweermmodelswith power= 1 or estimated.

total biomass total biomass
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Age dataarenot necessarilyavailable.
Age readingscanbe of poorquality:

I modelwith no agedatain objective function
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Selection spring survey Selection autumn survey Selection catch
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Recruits (age 1) Initial Population 1984
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Spatialstructureof datastorage




Pointestimatesand t of modelto data! parameteuncertainty

obsereddatausedto estimatgparameters
parameteuncertaintyby spatialresamplingof data
needequvalentdatafor all components

parameteestimationfor eachsetof components

within model:
- estimateof parameteerror
- estimateof errorin biomass,shing mortality etc

betweemmodels— doesmodelstructureaffect parameteuncertainty?
- estimatingpowerterm
- datain objectve functione.g.withoutagedata
- numberof time stepsperyear
- compareshery dependenand shery independendata
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statisticalestimationof componentveightsworks— ad hoc
approachesnnecessary

startingparametersot alwaysimportantbut carerequired
consistenestimationof surey powertermpossible

agedatanot necessary but in this caseinformative length
distributions

usefultool to determineappropriatanodelstructure

possibleto estimatgparameteerrorandcomparemodel
structuresusingbootstrappedata
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extendmethodologyto morecomplex models
moreformaltestingof models

useof multivariatenormalratherthannormaldistribution in
objectve function
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www.hafro.is/qdget

Usermanual
Startingguidefor new users
dowvnloadGadgetPARAMIN andsimplerealdataexamples

simulationversionin R which generatesnodels
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