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INTRODUCTION: A SMALL NICHE

Dr. Maunder’s questionnaire highlights the vast use of varied approaches in fisheries
stock assessment modelling.

Within the vastness, HYBRID represents a small niche for data types:
Survey indices for abundance at age

Catch-at-age data

HYBRID is a modelling framework to explore multiple models

allows the user to explore and compare different model structures.
what-if we modelled fisheries selectivity differently?
what-if natural mortality is changing over time?

Method of multiple working hypotheses (Chambelain 1890)
—> Hilborn and Mangel's Ecological Detective “confrontation between more than one model arbitrated by data underlies science” 2
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HYBRID STRUCTURE

TMB - R package
Built as a generic modelling framework with different options for
F structure
M structure
Fitting catch-at-age
Fitting surveys: Missing data points

Flexdashboard for model comparison (Dr. Paul Regular)



State equation

THE STATE EQUATION

State equation follows the parameterization in the State-space Assessment Model (SAM)
(Nielsen and Berg, 2014)

Recruitment: Only Random walk

log Ny, = N1,y; where,n,,~N(0,0R)
log Ng—1y—1 — Fa—1y-1 — Mg_1_1 +7gy; Where,2 < a < A;12.4,~N(0,0P)

NA,y—l * exp(_FA,y—l _ MA,y—l) +

+ N4y Where, A = plus group
NA—l,y—l * eXp(_FA—l,y—l _ MA—1,y—1)> Y

log Nyy = log <



PARAMETERIZATION OF F

F as parameters and Fit to catch-at-age

5 Options for time-varying fisheries selectivity in the model
Different levels of flexibility in the connection between ages and years
Key questions:
Does the age pattern change over time — was there change in gear composition in the fishery?
How much dependence in F between years?

Option 1: Non parametric (not time varying) log(s,) = log(sg—1) + wg;
For each age (fixed age pattern) where, wq~N(0, g5)
Random walk over ages (Cadigan 2010) Foo=s,%f
Time-blocks can be implemented wyooma sy



PARAMETERIZATION OF F

Option 2: Parametric

Little flexibility in pattern over age.

Logistic (flat-topped) s !

71+ ex p(—b1(a — asp))

Double logistic (domed) . 1 1
“ 14+exp(—blla— a150)) "1+ exp(b2(a-— a250))

Time blocks implemented log(as ) = log(asy) + sdev,
(Radomski et al. 2005) 08\ 450y ) = 108LA50) T SAEVy;

where, sdevy,~N (0, 0s2)

Random variation within time blocks
Fa,y = Sq * fy



Summary
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PARAMETERIZATION OF F

Option 3: MVN Random Walk (Nielsen and Berg, 2014)
* Flexibility in age and year patterns
* Multivariate Normal (MVN) random walk over years
- Autoregressive (AR) process for the correlation between ages
= similar age groups develop similar trends in the fishing martalitv

lo g(Fl:A,y) =lo g(Fl:A,y—l) T €14,y
where,eiay ~ MVNy4(0,5) LI

— pla—al ;2
z:a,c_l — pl an

Year
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PARAMETERIZATION OF F Age

Option 4: Similar to option 3

To account for fisheries management changes:

- Restart the MVN random walk at the beginning of the
fishing moratorium

Year

F on young ages may not correlate with F on older ages
- De-correlate the standard deviation for the young ages

- Choice for which ages to de-correlate in the covariance
matrix




PARAMETERIZATION OF F

Option 5: Correlated separable AR1 pattern in year and age

A
F in a given age and year is the product of a mean F and correlated age-year o€
deviations (Cadigan 2016)
=
log F,, = ulogF, ., + A 5 ~
9 Fay = LLOGlg y ay $ .

COTT'[Aa’y;Aa—m,y—n] — CPJ:'21|¢L‘1}J

Stronger connection between years compared to Options 3 and 4

Perhaps ideal for fisheries that target strong cohorts moving through the
fishery.
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FITTING CATCH-AT-AGE

2 Options based on Reliability of Catch Numbers-at-age data

Option 1: Fairly reliable time series
Fit to Catch Numbers at age

Option 2: Reliability of time series varies over time (Cadigan 2016)
Fit to Catch-Proportions at age

Magnitude of the catch fit using landings

Censored likelihood for landings to account for different levels of reliability of the
catch magnitude over time.
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FITTING CATCH-AT-AGE: OPTION 2 covo.

., = Prob(age = alage = a)

Proportions at age using continuation ratio logits Tiuy

XOa’y = Xa’y + Ea’y; Where El:A—l,y ~ MVN(0; 2 ) Xa’y — log(%);where a=1'4—1
— Ty

Landings using censored bounds
Where LB and UB are lower and upper bounds

Fairly flat likelihood inside bounds depending on oy
log (UBy /Ly) » log (LBy/Ly) o %

o o :
- ‘ 05 \/
0.6

For more detail, please see Cadigan 2016 and Bousquet et 04
al. 2010 for more details

=Upper Bound multiplier ~=—Lower Bound multiplier =1

Y
l(Lobsl,...LobsYlg) = 23}_1 log | Py

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
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PARAMETERIZATION OF M

Option 1: Invariant over age and year

Time varying options: 0.8
. , o : ——0.5 —<—0.1 ---baseM
Option 2: Size specific (Miller and Hyun 2017) 0.6
logMa)y = by + by *log Wa,y; >0.4
where by = —0.305 (Lorenzen 1996) 0.2
Option 3: Mortality follows trend in an index 0.0
1980 1990 2000 2010

Scales above or below a base level M
Equation structure from Kumar et al. 2013
Estimates parameter Mscale for effect of index

Years

M, , = baseM = exp(Mscalea * Normalized Indexy)

Option 4: Mortality follows trend in an index - Additive effect (not implemented)
12



LIKELIHOOD FOR FITTING TO SURVEY INDICES OF
ABUNDANCE

The model fits to log indices from the survey

logl,ys =1logqqs +10gNyy —Sfys*Zgy + €4y Wherea,y)S~N(O, aag,s)

Choice to use censored likelihood for missing values, or ignore the missing values

When censoring is applied, the log-likelihood will be very small if the predicted index is lower than the
bound (Cadigan 2016).

[(a,y,s = 0]6) = log {@y [10g[0.004/E(I,,5)]|/ag,s]
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SURVEY CATCHABILITY

Estimated parameters feed into a matrix of catchability by age and survey

Between survey series: allows for in model adjustments between surveys
= Such as correction factor for change in vessel/gear over time in surveys

- For example: Catchability of Survey S3 depends is related to catchability of Survey S1

Parameters for q

agel
age?2
age3
age4d
age5
age6
age7

gS1
0.2

qS2
0.1
0.15

=

Catch-at-Age

Survey catchability in model

agel
age?2
age3
age4d
age5
age6
age’/
age8
age9
agel0

Summary
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CORRELATED YEAR-EFFECTS

All ages are not necessarily affected equally

Applied in our model as survey year-effects —
Explore changes in catchability over time

Value is unclear — when it cannot be propagated forward

2 1/,
O-yes
YEl,y,s =N O,
(1 B (pyesz)

YEZ:A,y,s =N (QDyeS * YEa—l,y,s: O-yes)
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F-Case 1: Non-parametric age effect

F-Case 2: Logistic
E F-Case 3: MVN Random walk (SAM) Style
F-Case 4: Year and Age split in the MVN Random walk
F-Case 5: Age and Year correlated structure
M-Case 1: Fixed (M=0.3)
M M-Case 2: Size dependent
M-Case 3: Scaled index
B Random Walk

Limited uncertainty: Fitting to Catch Numbers at age

Catch Uncertainty about magnitude of catch over the time series:
Fitting catch proportions and magnitude separately, censored fitting of landings,
Correlated likelihood

Ignore zeroes

Survey Censored likelihood for missing data points

SUMMARY OF FEATURES

Survey year effects

others Retrospective patterns, Projections 16



MODEL COMPARISON IN FLEXDASHBOARD

Compare models based on

1. Residuals for survey-fits by age
2. Residuals for catch-at-age fits
3. Process error comparisons

4. Model outputs (F-at-age, Recruitment, Biomass etc..)
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QUESTIONS/ CLARIFICATIONS/ FEEDBACK?
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