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Intfroduction

» American Plaice is a demersal marine flatfish

» Once considered to be the most abundant flatfish
in Newfoundland and Labrador (NL) waters

» Under moratorium since 1995

» NL population of American plaice is managed as
3 stocks:

» 2GHJ3K (Labrador and the northeast coast of
Newfoundland stock),

» 3LNO (the Grand Bank stock), and
» 3Ps (St. Pierre Bank stock)




Intfroduction

» Survey-based assessment model(SURBA):

» is useful when catch information is not available OR not reliable

» gives estimate of F and Z, and relative stock size and cohort strength

» can also provide some idea about catch, which can be compared with
reported catch trend

» Spatial SURBA:

» Accounts for spafial differences in the stock
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Methods

» Abundance (N) at age (a), year (y) in a given division (D) is equal to cohort size*cumulative
mortality (Z)

> Na+1,y+1,D = Na,y,D * exp(_za,y,D) * eXp((ga+1,y+1,D)

» Process errors correlated: §~MV N (0,Y)
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where, T = st.dev;r = divisional corr.coef of process error
> Za,y,D = Fa,y,D + Ma,y,D

» Fis separable into age effect (S,) and year effect (f,)

> Fa’y’D - fy’D -




Methods: Lorenzen M

» M is calculated using Lorenzen’s equation
» M s related to body weight (W) of fish.
> Ma — Moo * (Wa/Woo)—O.BOS

» The equation was reformulated in terms of growth parameters (vonB and L-W )

—0.305%bp
» Myyp = My, * (1 — exp (—kczy_a’D * (a — aOD)))
» M, (M of avery old fish) is a scaling factor. We assumed it 0.1
» ky,_qp ANd a,, Were estimated using weighted likelihood approach (Zheng et al. 2018)

» Allometric exponent b of L-W was estimated separately for each division using individual data

Zheng N.,Cadigan,N.,and Morgan,JM.(in prep).A Spatiotemporal Von Bertalanffy Growth Model and Its Estimation When Data are Collected
Through Length-Stratified Sampling, With Application to American Plaice Data




Methods: Observation model

Abundance index (l) for age (a), year (y) and divisions D is given by

> ] . da,y,0*Nay D*€XP(—Zq,yD*Sf)
a,y,D Swept area ratio ()

* exp(€)

> N(0,0‘l)lfaSS
“TIN(,0,) if a>5

» Swept area ratio of Engel/Campelen =1.83; therefore,

g 1.83if gearis Engel | y < 1995 Spring
=110 if gearis Campelan |y = 1995 Fall




Cont..
Methods: Catchability in the observation model

» Catchability (g) is modelled as the function of fish length

» Camplen catchability (g.) is assumed to follows logistic function of
fish length

> q. = f(La,S,y_a,D) [wWhere s is survey, a=age, y=year, D =Division]

_exp(Bo+B1*L)
- F= 1+exp(Bo+B1*L)

> ,31 __ log(19)

Lgs—Lsg

» Bo = —PB1 * Lsg
» Loz ONd Ly Were estimated as parameters




Cont..
) Methods: Catchability in the observation model

» Engel catchability (q.) is estimated from Campelen catchability and length-based conversion
factors (CF) derived from the experimental fishing (Morgan et al 1998)

» qe = q./CF
Aif L <23cm
» CF =< exp (39.96 +0.36* (L — 41 * log(L))) if 23 <L <40
1if L =40cm

» A1 was estimated as a parameter

» Therefore, catchability (g) in the observation model is:

_V4e, if y <1995 Spring

¥ 4714, if y > 1995 Fall

M.J. Morgan, W.B. Brodie, W.R. Bowering, D. Maddock Parsons and D.C. Orr (1998). Results of Data Conversions for American Plaice in Div. 3LNO from
Comparative Fishing Trials Between the Engel Otter Trawl and the Campelen 1800 Shrimp Trawl. NAFO SCR Doc. 98/70 -



Model fitting

» Fitted in log-scale, Used TMB

> Fa,y,D = Sg * fy,D
» Random walk model for age effect (sq)
» Assumed constant age-effect between the divisions

» Estimated independent variances for younger ages 1-9 (sal) and fully selected ages
>=10 (sa2)

» Random walk model for year-effect (f,, p)

» Estimated independently for each division, but has a common variance

» PEs are random with correlated MVN
» Recruitment is estimated with Auto-regressive model of order 1 (AR1)




Cont..
’ Model fitting: Autoregressive model (AR1) for recruitment

» Spatio-temporal Correlatfion in the recruitment (R,) of the Divisions (D) were
implemented through stationary AR(1) model with multivariate normal error

» ARI process:

» log(Ryp) = cp + ¢p *10g(Ry_1p) + ey p

» The deviations from the AR1 process are correlated and follow multivariate normal
distribution in the Divisions (D) 3LNO:
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where, w = st.dev; p = divisional corr.coef of deviations (errors)




Cont. Autoregressive model (AR1) for recruitment

» Marginal distribution of log(R, ) under the stationary assumpftion of ART is:
» log(Ry,p) ~ N(up, ¥p)

where, up = cp(1 —¢p) and ¥ =

wp

» The marginal correlation in the recruitment between any two divisions is given by

[
1-¢a,Pa,

> corr(log(Ry,dl),log(Ry,dZ)) = Qd1d2 = pd1d2

» Therefore, the marginal joint distribution of the recruitments is

log(Ry1) log(Ry-1,31) vz Q3n 3. Wsy  0310W31 W30
> <log(Ry,’3N)> ~N log(Ry—lﬁN) 0383 P3N Lpgzzv 23no PsnPs0
log(Ry,30) log(Ry-130)] loszoWsrW30 03nv0¥3nW¥s0 w5,




Model comparison

“-- . .

3079 704 6159.407 62 6283.407  6650.475  YES

2976099 5952.197 63 6078.197  6451.185  YES

2945.013 5890.027 68 6026.027 6428.617 YES

> Based on lowest AIC, the model with division-wise correlated PE is selected

» Results presented in the following slides are based on this model
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Results: all variances
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Results: catchability at length
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Correlation

Results: recruitment series and their correlation
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Results: relative biomass and SSB

Relative Biomass Relative SSB
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Results: recruits per spawner
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Results: comparison of catch with reported frends in landings

Total landings from NAFO Div 3LNO and predicted landings from SURBA

» Shows similarity in
trends 3. 3LNO Catch:
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Source: NAFO SCS Doc. 16/30




Conclusion

» The spatial model shows that stock status estimates for the divisions are
substantially different from each other

» Recruitment in 3LNO shows moderate to strong correlation

» Productivity above average in recent years
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