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What is Stock Assessment?

A
J

R o
N  NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 3
"

{



Purpose of stock assessment

: NOAA Fisheries Stock Assessment Process Healthy Fish Stocks
¢ CharaCte Irize Sto Ck The Science Behind Sustainable Fisheries Management T@ Fepoaiietie s,
dynamics and trends
. Abundance o .
« Determine status My | S T T | | SteokSame,

< =i Modeling Scientific Advice & Catch Limits

relative to target or

. . Biclogical Data o co 090 4,
historical levels raip O o | M

« Describe uncertainty

Catch m‘ T
N

Assessment Irnpl emenﬁ\ ng

- Provide scientific advice onerniomn || IS o i
Ecatch specifications) T
or sustainable
management
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The Assessment Model

(R) Blomass (G)

Fishery Natural
« Most assessment o R
models assume a —
unit stock with Observation
homogenous: Likelihood L
® Vltal rates Observed vs. Predicted (2. Predictionsy

e Reproductive
dynamics
e Distribution of

Population

abundance and | Model
fishing effort . Mt
 No immigration 'I
or emigration is
allowed
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What About Space?
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Spatially Stratified Models

Multilple areas, spawning
populations, or fleets
Interacting at various
spatiotemporal scales

Integrate fine-scale
dynamics

Improved information
content from data
(disaggregate)

All parameters estimated
simultaneously using single
objective function

Explicitly address
assumptions ignored in
nonspatial models

Spatial Spatially Implicit
B Fleets-as-Areas

A . Panmictic Heterogeneity

mmigration

€5

iomass

-2

Natural
Mortality
(M)

Fishery
Yield

Matal Homing

(Sympatric)
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Table 1
Analyst decizion points to consider when developing spatal stock asseszments

| |
along with example parameterization optons to choose amongst. Provided
parameterization options are presented from least to most complex.

Decizion Point Parameterization Cptions
Biological Population  Panmictic?
Structure Spatial heterogeneity?
Natal homing?
rd

Temporal Strocture Yearly?
Seazonal?

Spatial Resolution Non-gpatial (e, spatially aggregated or single
population)?
Spatially implicit (e g., festz-as-arean)?
Spatially stratified?
Spatiotemporal?

Fleet Structure Uze gpatial fleets az proxy for availability?

Combine flests with similar characteristics?
Share parametern for a given fleet acrosn arean?
lecocnoraieall fece nall occasd
Recruitment Dynamics Global denpitp-dependence with apportionment (Le.,
single stock-recruit function)?
Local dengity-dependence (ie., oingle stock-recruit
function per Euh.nun unith?
Initial Distribution and Uze external data (e.g., CPUR indicea) to scale abundance

Scaling by region?
Ectimate initial abundance in all areas from all population
unitz?
Dicperaal No interactionz among populations?

Larval disperzal only?
Full reproductive mixing among sub-populations (ie.,

Movement No movement?
Time- and/or age-invariant movement?
Oravity-based movement (ie., astimate recidency and
makhe simplifying asmumptions reganding emigration)?
Random walk?
Time periods or age-blocks?
Functional formas?
Spatial autocorrelation and movement by distance?
Habitat preference functions?
Seasonal migrations (i.e., feeding /cpawning migrationa)?
Fine-ocale advection, diffision, and taxis models?

Demographic Varation  Constant across the model domain?
Wary by area using empirically derived values?
Vary by population unit (ie., genetic-baged
demographica)?
Wary by area with current-area maim only (ie,
phenotypic-based demographicz)?
Wary by area with source-area and current-area trai (ie.,
to avoid infeasible trancitions)?
Wary by area and by population unit?
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And...Why Do Sablefish Care?
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Sablefish Spatial Structure | —=immoe

Hypothesized to undergo ontogenetic
movement patterns

Demonstrate large movement
potential

700 o 700 1400 Miles

Lack of genetic variation

Currently assume single panmictic
assessment unit across all Alaska

1000 -

Catch is apportioned to region using
ad hoc survey biomass approach

RPN (1000s)

50

AFSC Longline Survey Relative Population Numbers (RPNs)
ol
ll'lllllllllll ] ||

! |
Year

|

o- 1N

Catch and resource distribution vary “
across management areas §

19‘90 20‘00 20‘10 20‘20
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Spatial model areas
Management requlatory areas

Initial Spatial Model

« 3 area model with
movement fixed based on

avtarnal tan analhi/cic

Spatially stratified, tag-integrated model would help understand
Interactions among fishery, resource, productivity, and data
collection spatial structures.

Alternate spatial structures and movement assumptions should be
explored!
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Spatial awareness: Good practices and pragmatic recommendations for |
developin tially structured stock assessments
Daniel on M. . Cadrin™?

°* Develop and document a case study that
follows spatial modeling good practices

* Document the process, decision points
and identify good practices _

° Develop a tag-integrated spatially explicit
model capable of management advice

* Identify and investigate key uncertainties

* (Compare with panmictic model (status

quo)

: NOAA
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Methods - Phase 1

4 )

Initial data
exploration

:
real data
4 )

. " Reasonable
Validate Initial model Test a model -
using the devel N hvbothesi Converged? yes fits and

3 evelopmen othesis
self test p yp parameters?

.

~

* Number of spatial regions
» Start year

Save for

L L Phase 2 model Change
* Equilibrium vs non-equilibrium initial comparison. model
age-structure .
5 . . . Suite of Next step
* Regional vs global recruitment deviations :
candidate

* |Include tag-data
8 models
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Data Explorations
* (Can model partitions be reduced?
® Maintain sex-specific model? YES
® Growth-variation by region? NO
* Include tagging data? YES
® Difficult to estimate reporting rate

® Many tags recovered outside the region
® But, primary source of information on movement

m)

Length (cr

© Aleutians = Central Gulfof Alaska = West Yakutat

Tag release locations of fish recovered outside federal stock boundary

Tag recovery locations outside federal stock boundary

[

2000
Recovery year

Metho¢ — Longline — Other — Trap/Pot — Trawl — Unknown/NA



Data Explorations

Regression tree analysis on length
frequencies

Can be used to squort area
aggregation or splitting...or
differences in fleet structure
(selectivity)

Should be interpreted cautiously

Primarily driven by management
boundaries and data reporting
resolution

Split near Kodiak was similar to
that from Kapur et al. 2020 that
identified a potential
morphometric/growth transition

N FISHERIES
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Initial Model Parametrization

 Start Iyear 1977 (limited gear-
specific catch by area prior)

« Spatial structure: 5 regions

« Population structure: spatial
heterogeneity

. Demo%raphlcs sex-specific,
spatially-invariant

« Movement: time-varying

« Recruitment: single stock-recruit
relationship (SSB pool) with area-
specific deviates

- Tagging data directly integrated , NOAA

@ FISHERIES
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(Very) Preliminary Results

Validating 1-area model... O\/

Getting spatial model to

converge... @/

Alternate spatial
configurations... C\)/

100

SSB (kt)

Determine preliminary ‘base’

model for basis of simulations =
(most Complex, data Model — 1A == 1A(notag) = 3A = 5A - - Current Assessment
conditioned model

possible)...Work in progress
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(Very) Preliminary Results
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Methods - Phase 2

Suite of
candidate
models

* Which models have the best fits? — residuals & AIC
* Which best emulate expected dynamics?
* Which models result in different scientific advice?

|dentify
_ Suite of ‘Optimal
Identify Key models to * Test multiple assessment Assessment
Model simulation parametrizations against alternate Parametrization

Uncertainties

test simulation model assumptions

® Identify which parametrizations appear

to be most robust Phase 3
Develop Evaluate
Operating/ Assessment
Simulation Robustness through
Model Simulations @ NOAA
g FISHERIES
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Key Model Uncertainties

— Total
= = Trawl Gear
-+~ Fixed Gear

gt
ﬁ( I|
I':I \

Start year (equilibrium vs. start of spatial

hY

Cateh (kt)
0 10 20 30 40 50 60

— —

Assuming closed population within AK

1960 1970 1980 1990 2000 2010 2020
Year

Number of spatial units (1 vs. 3 vs. 5)

Parametrizing movement (age-varying as
directly estimated or using ogive)

Modeling recruitment (and potential
confounding with movement) and impact
on reference points

Likelihoods for tagging data (and other
comp data)
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Methods - Phase 3

Publish and
Celebrate!!

« Use results from simulations to refine
the spatial model

* Propose a “base-case” spatial model(s)
that incorporates simulation results

* Document our process and good
practices

|dentify

‘Optimal’
Assessment

Parametrization

Refit Base
Model to
Observed Data

N FISHERIES
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Conclusions

ITWAS A"JUMP TO
CONCLUSIONS” MAT.
~—y

o N

\

A 9
YOU SEE, IT WOULD BE THIS MAT THAT YOU WOULD PUT ON
THEFLOOR, AND IT WOULD HAVE DIFFERENT CONCLUSIONS
WRITTEN ON IT THAT YOU COULD JUMP TO.
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Conclusions

complicated!!
Spatial models are hard!

In-depth data exploration is critical

Potential Use as a

* Ability to easily manipulate data Conditioned OM

a%gregation reatly aids analysis and == for MSE
ability to explore alternate model — —
parametrlzatlons f Spatiall};lzxplicit Explicit Stock

Appears to be important regional
dynamics that warrant monitoring

Results are preliminary

* Ongoing simulations are important for
elucidating impacts of key uncertainties

Management
Scenarios to

[teration is key... <

Goethel et al. (2016) €@y; NOAA
FISHERIES
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Further Information

-« Public Gitbook documenting components of our research
https://github.com/Craig44 /SableFishResearch

- An R package containing the generalized spatial TMB
population model (with documentation and unit-tests)
https://github.com/Craig44 /SpatialSablefishAssessment

Alaskan sablefish research

C.Marsh

2023-03-31

Chapter 1 Overview

This Gitbook documents my/our research on Alaskan sablefish (Anoplopoma fimbria). The objective is to
develop and explore a spatially explicit stock assessment mode! for the Alaskan sablefish stock. Although
this is focused on sablefish, there will be many topics encountered that are common to other stock
assessments. The following section outlines chapters contained in this document

Gitbook outline

« Chapter 2 outlines a list of objectives that we have set or accomplished during this research project

« Chapter 3 documents the current stock assessment model and assumptions (work in progress). This

is the first step of the project. Its purpose is to help me understand the data and important process

\ I )’ FISHERIES
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https://github.com/Craig44/SableFishResearch
https://github.com/Craig44/SpatialSablefishAssessment
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