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Figure 22. Time-series of observed (circle) with error 95% Cls (error bars) and predicted (solid line; upper
panels) and runs tests (bottom panels) for CPUE of Mediterranean swordfish for the Bayesian state-space
surplus production model JABBA for the ‘Reference’ scenario. Runs tests evaluate the randomness of the
time series of CPUE residuals by fleet. Green panels indicate no evidence of lack of randomness of time-
series residuals (p>0.05), while red panels (not shown here) indicate the opposite. The inner shaded area
shows three standard errors from the overall mean and red circles identify a specific year with residuals
greater than this threshold value (3x sigma rule).
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Figure 23. Time-series of observed (circle) with error 95% Cls (error bars) and predicted (solid line; upper
panels) and runs tests (bottom panels) for CPUE of Mediterranean swordfish for the Bayesian state-space
surplus production model JABBA for the ‘ASEM’ scenario. Runs tests evaluate the randomness of the time
series of CPUE residuals by fleet. Green panels indicate no evidence of lack of randomness of time-series
residuals (p>0.05) while red panels (not shown here) indicate the opposite. The inner shaded area shows
three standard errors from the overall mean and red circles identify a specific year with residuals greater
than this threshold value (3x sigma rule).

44



MEDITERRANEAN SWORDFISH STOCK ASSESSMENT MEETING (ONLINE) - 2020

Reference model ASEM model

RMSE = 28 4% RMSE = 28.7%

1.0
1.0

9 1
=] =3
E n
3 ]
o 2] o 2]
w o w o
o 2
oo oo
2 o 2 o
2 <
[ ]
® Gl
=2 S ® SPLL
v o Ll
& Mol
= Loess
T T T T T T T T T T T T
1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015
Year Year
e | o~
=] =

01
01

-—-—‘"\n A ./\n

VAVASA .\_\/ AN A .\/\A

NV \-\/

Process Errar Deviates
-0.1 0.0

Process Error Deviates
0.1 0.0

-0.2
0.2

-0.3

IQlSO 19|60 19'?0 19|80 1 QIQD QUICIO 20|1 0 2(2:2 1 QISD 1 9:60 1 QITD 1 9:‘30 IQIQU 20:00 20|10 QOIE
Year Year
Figure 24. JABBA residual diagnostic plots for alternative sets of CPUE indices examined for each scenario
(Left: Reference model; Right: ASEM model) for Mediterranean swordfish. Top panels: Boxplots indicating
the median and quantiles of all residuals available for any given year, and solid black lines indicate a loess
smoother through all residuals. Bottom panels: Process error deviates (median: solid line) with shaded
grey area indicating 95% credibility intervals.
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Figure 25. Prior and posterior distributions of various model and management parameters for the
Bayesian state-space surplus production model for Mediterranean swordfish. PPRM: Posterior to Prior

Ratio of Means; PPRV: Posterior to Prior Ratio of Variances. Upper panels: ‘Reference’ model and; Bottom
panels: ‘ASEM’ model.
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Figure 26. Trends in biomass and fishing mortality (upper panels), biomass relative to Busy (B/Busy) and
fishing mortality relative to Fusy (F/Fwsv) (middle panels) and biomass relative to K (B/K) and surplus
production curve (bottom panels) for each scenario from the Bayesian state-space surplus production
model fits to Mediterranean swordfish.
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Figure 27. Retrospective analysis performed to the Reference model, by removing one year at a time
sequentially (n=5) and predicting the trends in biomass and fishing mortality (upper panels), biomass
relative to Busy (B/ Busy) and fishing mortality relative to Fusy (F/Fusv) (middle panels) and biomass relative
to K (B/K) and surplus production curve (bottom panels) for each scenario from the Bayesian state-space
surplus production model fits to Mediterranean swordfish.
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Figure 28. Retrospective analysis performed to the ASEM model, by removing one year at a time
sequentially (n=5) and predicting the trends in biomass and fishing mortality (upper panels), biomass
relative to Busy (B/ Busy) and fishing mortality relative to Fusy (F/Fusv) (middle panels) and biomass relative
to K (B/K) and surplus production curve (bottom panels) for each scenario from the Bayesian state-space
surplus production model fits to Mediterranean swordfish.
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Figure 29. Jackknife index analysis performed to the Reference model, by removing one CPUE fleet at a
time and predicting the trends in biomass and fishing mortality (upper panels), biomass relative to Busy
(B/Busy) and fishing mortality relative to Fusy (F/Fusv) (middle panels) and biomass relative to K (B/K) and
surplus production curve (bottom panels) for each scenario from the Bayesian state-space surplus
production model fits to Mediterranean swordfish.
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Figure 30. Jackknife index analysis performed to the ASEM model, by removing one CPUE fleet at a time
and predicting the trends in biomass and fishing mortality (upper panels), biomass relative to Busy (B/ Busr)
and fishing mortality relative to Fusy (F/Fwsy) (middle panels) and biomass relative to K (B/K) and surplus
production curve (bottom panels) for each scenario from the Bayesian state-space surplus production
model fits to Mediterranean swordfish.
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Figure 31. Alternative catch time series used in sensitivity runs to explore potential impacts of
underreporting of early catches 1950-1986 by 20% (HistCx1.2), 50% (HistCx1.5), 100% (HistCx2) and
200% (HistCx3) on the JABBA assessment outputs.
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Figure 32. Sensitivity analysis performed to the Reference model for each assumption with regard to
historical catches (multiplying the early catches from 1950 to 1986 by factors of 1.2, 1.5, 2 and 3) and
predicting the trends in biomass and fishing mortality (upper panels), biomass relative to Busy (B/ Busy) and
fishing mortality relative to Fusy (F/Fwsv) (middle panels) and biomass relative to K (B/K) and surplus
production curve (bottom panels) for each scenario from the Bayesian state-space surplus production
model fits to Mediterranean swordfish.
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Figure 33. Sensitivity analysis performed to the ASEM model for each assumption with regard to historical
catches (multiplying the early catches from 1950 to 1986 by factors of 1.2, 1.5, 2 and 3) and predicting the
trends in biomass and fishing mortality (upper panels), biomass relative to Busy (B/Busy) and fishing
mortality relative to Fusy (F/Fusy) (middle panels) and biomass relative to K (B/K) and surplus production
curve (bottom panels) for each scenario from the Bayesian state-space surplus production model fits to

Mediterranean swordfish.
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Figure 34. JABBA surplus production phase plot for the Reference Model (left panels) and the ASEM model
(right panels) showing trajectories of the catches in relation to Busy and MSY (top panels) and Kobe phase
plot showing estimated trajectories (1959-2018) of B/Bwmsy and F/Fwsy for the Bayesian state-space surplus
production model for the Mediterranean swordfish (bottom panels). Different grey shaded areas denote
the 50%, 80%, and 95% credibility interval for the terminal assessment year. The probability of terminal
year points falling within each quadrant is indicated in the figure legend.
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Figure 35. lllustration of catch series (1950-2018) relative to estimates of MSY (Catch/MSY) for the XSA
final run including discards and combined JABBA model (‘Reference’ and ‘ASEM’) on the left y-axis and the
corresponding model-precited trajectories of SSB/SSBusy and B/Busy, respectively, on right y-axis. The
green-shaded areas demarcate the period (1950-1985) when catches remained below MSY and,
accordingly, the stock would be expected to be in the green quadrant of the Kobe phase plot (B > Busy and
F < Fusy) . Dashed black horizontal line denote catch and biomass levels at MSY, respectively and dashed red
line denotes biomass level at 50% Busy.
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Figure 36. Process error deviates on the estimated biomass on log-scale (median: solid line) for JABBA
models (Reference and ASEM models). Blue vertical lines show the year 1987 when relative abundances
indices started to inform the model and red lines denote 2004 as the approximate year when the minimum
size regulation was put in place.
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Figure 37. Final JABBA assessment model results for the Mediterranean swordfish in the form of joint
MCMC posteriors of JABBA model runs (‘Reference’ and ‘ASEM’ models). (a) Catch time series depicting the
MSY estimate with associated 95% credibility interval (dashed line); (b) biomass relative to By (B/Bo)
(upper panels); (c) trends in biomass and (d) fishing mortality; (e) trends of biomass relative to Busy
(B/Busy); and (f) fishing mortality relative to Fusy (F/Fuwsy).
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Figure 38. Kobe phase plot showing the combined posteriors of Bzo:s/ Busy and Fzo1s/Fusy presented in the
form of joint MCMC posteriors of JABBA model runs (‘Reference’ and ‘ASEM’ models) for Mediterranean
swordfish. The probability of posterior points falling within each quadrant is indicated in the pie chart.
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Figure 39. Trends of projected relative stock biomass (upper panel, B/Bwusv) and fishing mortality (bottom
panel, F/Fusy) of Mediterranean swordfish under different TAC scenarios (0 — 15,000 t), based on the
combined projections of JABBA model runs (‘Reference’ and ‘ASEM’ models). Each line represents the
median of 30000 MCMC iterations by projected year.
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Appendix 3

Number Title Authors
Estimation of undersize Mediterranean
SCRS/2020/028 swordfish (Xiphias gladius) catches by the Ortiz M.
main longline fleets between 2008 — 2018
Standardized Catch Rates for Mediterranean ;?g% rXSP I\gzcolzfegj\lci;\?ggll?/lsjq
SCRS/2020/043 Swordfish (Xiphias gladius Linnaeus, 1758) Jaxt., . o
from the Spanish Longline Fishery: 1988-2018 Godoy D., Me_lendes M:J" Puerto
' " | MA,, and Ortiz de Urbina .
Additions to the Italian annotated bibliography
SCRS/2020/058 on swordfish (Xiphias gladius, Linnaeus, 1758)
and comprehensive overview. Di Natale A.
A clarification about stage 2 maturity in female | Di Natale A., Garibaldi F., and
SCR$/2020/074 swordfish (Xiphias gladius, Linnaeus, 1758) Corriero A.
Estimation of catch at size and catch at age for
SCRS/2020/076 the Mediterranean swordfish (Xiphias gladius) | Ortiz M., and PalmaC.
assessment 2020
Assessment of the Mediterranean swordfish Tserpes G.and Mantopoulou-
SCRS/2020/077 stock by means of extended survivor analysis i
Palouka D.
(XSA)
Assessment of the Mediterranean swordfish Mantopoulou-Palouka D., and
SCRS/2020/078 stock by means of assessment for all initiative K
TserpesG.
(ada)
Developing of Bayesian state-space surplus
production models JABBA for assessing Mourato B.L., Winker H., Kimoto
SCR$/2020/082 Mediterranean swordfish (Xiphias gladius) A., and Ortiz M.
stock
Stock status, projections and K2SM for an . .
SCRS/P/2020/028 | ensemble of two JABBA assessment scenarios \évtnlfresre%s?sng;m;n%'x ;)i;r'\a;lto
for Mediterranean swordfish (Xiphias gladius) o K '
Final Assessment of the Mediterranean Tserpes G.and Mantopoulou-
SCRS/P/2020/029 | swordfish stock by means of extended survivor i
. PaloukaD.
analysis (XSA)
Final Assessment of the Mediterranean Mantopoulou-Palouka D., and
SCRS/P/2020/030 | swordfish stock by means of assessment for all K

initiative (a4a)

TserpesG.
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54.7275e-01 4.8179e-01 5.8348e-01 5.5491e-01 5.3320e-01 5.2755e-01
64.7275e-01 4.8179e-01 5.8348e-01 5.5491e-01 5.3320e-01 5.2755e-01

age 2009 2010 2011 2012 2013 2014
02.1610e-09 8.2627e-04 6.8961e-02 1.9157e-03 2.4618e-04 2.2476e-07
11.7775e-01 1.8295e-01 3.3131e-01 1.1948e-01 1.0860e-01 6.6050e-02
24.1852e-01 4.3509e-01 3.2647e-01 3.5068e-01 3.2726e-01 3.6294e-01
35.0381e-01 6.9450e-01 5.1581e-01 5.3437e-01 5.2525e-01 5.2640e-01
4 6.4688e-01 5.2195e-01 4.8202e-01 3.8304e-01 3.6677e-01 4.2893e-01
53.3503e-01 5.1559e-01 3.9366e-01 3.3577e-01 3.0832e-01 3.0085e-01
6 3.3503e-01 5.1559e-01 3.9366e-01 3.3577e-01 3.0832e-01 3.0085e-01

age 2015 2016 2017 2018
0 2.5404e-08 9.9621e-07 7.5485e-04 3.5328e-03
18.9225e-02 1.9135e-01 5.3090e-02 6.8659e-02
24.9880e-01 5.0104e-01 3.3965e-01 3.3155e-01
34.5726e-01 7.5734e-01 5.5905e-01 5.3277e-01
45.9031e-01 4.2063e-01 5.5079e-01 4.2985e-01
52.0524e-01 3.5724e-01 4.2669e-01 3.9316e-01
6 2.0524e-01 3.5724e-01 4.2669e-01 3.9316e-01
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Figure 1. Residuals against fitted value for the base run.
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Figure 2. Residuals by fleet against year for the base run.




MEDITERRANEAN SWORDFISH STOCK ASSESSMENT MEETING (ONLINE) - 2020

GRLL | Li_LL MO_LL

1e+06 - % | 1e+064 1e+06 o

5e+05
-
0e+00 o
T T
@@hﬁ@m@mm&w

obs

1e+06 4

Se+054

Oe+00+4

xxxxxx

hat

Figure 3. Calibration regression plots for age 2 for the base run. The blue line is a linear regression fitted
to the residual pairs and the black line is the y=x line. If the index is proportional to stock abundance, then
the blue and black lines should coincide.
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Figure 4. Calibration regression plots for age 3 for the base run. The blue line is a linear regression fitted
to the residual pairs and the black line is the y=x line. If the index is proportional to stock abundance, then
the blue and black lines should coincide.
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Figure 5. Calibration regression plots for age 4 for the base run. The blue line is a linear regression fitted
to the residual pairs and the black line is the y=x line. If the index is proportional to stock abundance, then
the blue and black lines should coincide.
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Figure 6. AR plots of lagged residuals for the base run. Blue line is the regression fitted to the data pairs. If
residuals are uncorrelated then the slope of the regression should be 0.
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b. Discard run
Table 4. Estimates of stock number-at-age for the discard run.

age 1985 1986 1987 1988 1989 1990

01.2342e+06 1.2608e+06 1.2960e+06 1.2736e+06 1.2578e+06 1.2099e+06
19.9524e+05 1.0067e+06 1.0307e+06 1.0589e+06 1.0383e+06 1.0241e+06
2 7.1831e+05 7.2933e+05 7.5615e+05 7.6961e+05 7.5198e+05 7.5689e+05
34.3199e+05 4.2551e+05 4.4068e+05 4.5496e+05 4.2690e+05 4.4040e+05
4 1.9422e+05 1.9654e+05 1.8446e+05 1.8665e+05 1.6873e+05 1.7326e+05
59.3051e+04 1.0660e+05 1.0379e+05 9.2859e+04 8.4970e+04 8.0927e+04
6 4.6495e-01 2.2168e+00 1.7596e+00 1.9186e+00 1.2792e+00 5.1920e-01

age 1991 1992 1993 1994 1995 1996
01.2423e+06 1.2567e+06 1.2202e+06 1.2848e+06 1.4295e+06 1.3295e+06
19.8121e+05 1.0089e+06 1.0212e+06 9.9276e+05 1.0480e+06 1.1602e+06
2 7.2302e+05 7.0144e+05 7.3098e+05 7.3210e+05 7.0825e+05 7.5403e+05
34.0946e+05 4.0500e+05 3.9870e+05 4.1488e+05 3.9653e+05 3.9480e+05
4 1.6632e+05 1.6255e+05 1.7107e+05 1.6584e+05 1.6789¢e+05 1.6526e+05
57.9825e+04 7.9649e+04 8.0123e+04 8.6511e+04 7.6669e+04 8.5291e+04
6 1.0600e+01 1.1466e-01 1.0407e+00 1.0089e+00 1.3154e+00 3.8137e+03

age 1997 1998 1999 2000 2001 2002

01.2911e+06 1.2961e+06 1.2142e+06 1.3392e+06 1.2602e+06 9.8803e+05
1 1.0885e+06 1.0535e+06 1.0479e+06 9.9211e+05 1.0964e+06 1.0297e+06
2 8.3687e+05 7.5517e+05 7.3375e+05 7.5298e+05 7.1558e+05 7.8692e+05
34.5211e+05 4.4824e+05 3.9797e+05 3.9393e+05 4.0462e+05 3.7624e+05
4 1.7998e+05 1.6520e+05 1.6777e+05 1.7058e+05 1.6216e+05 1.5251e+05
58.6852e+04 7.9837e+04 7.1112e+04 8.2665e+04 7.7683e+04 7.3183e+04
6 2.5437e+00 7.5144e-01 9.8488e-01 1.3551e+00 5.4182e-01 1.3865e+04

age 2003 2004 2005 2006 2007 2008
01.1021e+06 1.0707e+06 9.7041e+05 1.3209e+06 1.3947e+06 1.0717e+06
1 8.0893e+05 8.8846e+05 8.5994e+05 7.4076e+05 1.0792e+06 1.1280e+06
2 7.5016e+05 5.5920e+05 6.1818e+05 6.5042e+05 5.4117e+05 7.8049e+05
34.7576e+05 4.2172e+05 2.7005e+05 3.3894e+05 3.4918e+05 2.5980e+05
4 1.5660e+05 2.1255e+05 1.7287e+05 1.4522e+05 1.4232e+05 1.1842e+05
57.5040e+04 7.1531e+04 1.1866e+05 7.7781e+04 6.5026e+04 6.2664e+04
6 1.0347e+00 1.4962e+00 5.7857e-01 1.2411e+00 1.3141e+00 1.6382e+03

age 2009 2010 2011 2012 2013 2014
01.0340e+06 1.1289e+06 9.8426e+05 7.8385e+05 1.0782e+06 8.3685e+05
1 8.6933e+05 8.4657e+05 9.2362e+05 7.6178e+05 6.3975e+05 8.8260e+05
2 7.8098e+05 5.7365e+05 5.6602¢e+05 5.3152e+05 5.3587e+05 4.5098e+05
32.8736e+05 3.8168e+05 2.7195e+05 3.0145e+05 2.8763e+05 3.0096e+05
41.7203e+05 1.6102e+05 1.4279e+05 1.4192e+05 1.3423e+05 1.3330e+05
53.1571e+04 6.8922e+04 7.5002e+04 7.0175e+04 7.5455e+04 7.1796e+04
6 2.2850e+03 1.5430e+00 2.6183e-01 1.6989e+00 1.8414e+00 1.4985e+00

age 2015 2016 2017 2018
0 7.6740e+05 6.4841e+05 8.0051e+05 8.7248e+05
1 6.8515e+05 6.2830e+05 5.3087e+05 6.5506e+05
2 6.5964e+05 4.8466e+05 4.1899¢e+05 3.7207e+05
32.2358e+05 2.9183e+05 2.3144e+05 2.1363e+05
4 1.3903e+05 1.3570e+05 1.0019e+05 9.0753e+04
5 6.8908e+04 6.0675e+04 6.6368e+04 4.4249e+04
6 4.4352e+03 2.0470e+04 2.3355e+00 8.1960e-01
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Table 5. Estimates of harvest-at-age for the discard run.

age 1985 1986 1987 1988 1989 1990
03.6919e-03 1.5087e-03 2.0751e-03 4.2897e-03 5.5152e-03 9.4803e-03
11.1086e-01 8.6216e-02 9.2098e-02 1.4228e-01 1.1610e-01 1.4816e-01
2 3.2361e-01 3.0380e-01 3.0803e-01 3.8934e-01 3.3503e-01 4.1437e-01
35.8752e-01 6.3586e-01 6.5910e-01 7.9190e-01 7.0177e-01 7.7375e-01
4 3.9988e-01 4.3856e-01 4.8634e-01 5.8692e-01 5.3475e-01 5.7494e-01
53.5546e-01 3.6611e-01 3.8639e-01 4.7761e-01 4.2191e-01 4.7780e-01
6 3.5546e-01 3.6611e-01 3.8639e-01 4.7761e-01 4.2191e-01 4.7780e-01

age 1991 1992 1993 1994 1995 1996
08.1094e-03 7.5180e-03 6.2382e-03 3.7251e-03 8.7748e-03 1.6182e-09
11.3565e-01 1.2222e-01 1.3284e-01 1.3770e-01 1.2921e-01 1.2667e-01
2 3.7955e-01 3.6493e-01 3.6639e-01 4.1317e-01 3.8442e-01 3.1152e-01
37.2383e-01 6.6182e-01 6.7719e-01 7.0468e-01 6.7525e-01 5.8554e-01
45.3630e-01 5.0745e-01 4.8179e-01 5.7151e-01 4.7725e-01 4.4330e-01
54.4383e-01 4.1410e-01 4.1455e-01 4.5676e-01 4.1653e-01 3.6676e-01
64.4383e-01 4.1410e-01 4.1455e-01 4.5676e-01 4.1653e-01 3.6676e-01

age 1997 1998 1999 2000 2001 2002
03.3923e-03 1.2537e-02 2.0464e-03 1.2937e-05 2.0096e-03 6.5216e-09
11.6566e-01 1.6170e-01 1.3053e-01 1.2674e-01 1.3171e-01 1.1677e-01
24.2433e-01 4.4056e-01 4.2199e-01 4.2108e-01 4.4287e-01 3.0321e-01
38.0676e-01 7.8272e-01 6.4718e-01 6.8760e-01 7.7575e-01 6.7651e-01
46.1284e-01 6.4290e-01 5.0783e-01 5.8656e-01 5.9561e-01 5.0918e-01
55.0240e-01 5.0697e-01 4.2688e-01 4.5853e-01 5.0768e-01 4.2672e-01
65.0240e-01 5.0697e-01 4.2688e-01 4.5853e-01 5.0768e-01 4.2672e-01

age 2003 2004 2005 2006 2007 2008
01.5458e-02 1.9247e-02 7.0041e-02 2.0814e-03 1.2224e-02 9.2943e-03
11.6920e-01 1.6271e-01 7.9246e-02 1.1395e-01 1.2410e-01 1.6763e-01
2 3.7594e-01 5.2789¢e-01 4.0096e-01 4.2204e-01 5.3381e-01 7.9918e-01
3 6.0574e-01 6.9179e-01 4.2037e-01 6.6775e-01 8.8131e-01 2.1226e-01
45.8358e-01 3.8292e-01 5.9865e-01 6.0346e-01 6.2029e-01 1.1220e+00
54.6966e-01 4.7799e-01 5.7839e-01 5.5081e-01 5.2639e-01 5.5253e-01
6 4.6966e-01 4.7799e-01 5.7839e-01 5.5081e-01 5.2639e-01 5.5253e-01

age 2009 2010 2011 2012 2013 2014
01.5045e-05 6.9921e-04 5.6230e-02 3.1339e-03 1.6575e-04 7.3432e-06
12.1571e-01 2.0256e-01 3.5257e-01 1.5176e-01 1.4966e-01 9.1175e-02
25.1595e-01 5.4641e-01 4.3003e-01 4.1406e-01 3.7693e-01 5.0163e-01
33.7919e-01 7.8319e-01 4.5036e-01 6.0903e-01 5.6907e-01 5.7227e-01
47.1469e-01 5.6404e-01 5.1041e-01 4.3171e-01 4.2575e-01 4.5984e-01
53.5652e-01 5.6413e-01 4.2346e-01 4.0519e-01 3.6357e-01 3.5588e-01
6 3.5652e-01 5.6413e-01 4.2346e-01 4.0519e-01 3.6357e-01 3.5588e-01

age 2015 2016 2017 2018
01.0066e-10 3.7639e-08 5.1508e-04 4.7104e-03
11.4618e-01 2.0516e-01 1.5545e-01 1.0716e-01
26.1552e-01 5.3913e-01 4.7362e-01 4.6508e-01
32.9933e-01 8.6905e-01 7.3618e-01 6.9124e-01
46.2916e-01 5.1524e-01 6.1728e-01 5.5095e-01
52.4454e-01 4.5336e-01 4.0227e-01 4.8793e-01
6 2.4454e-01 4.5336e-01 4.0227e-01 4.8793e-01
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Figure 9. Residuals against fitted value for the discard run.
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Figure 10. Residuals by fleet against year for the discard run.
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Figure 11. Calibration regression plots for age 2 for the discard run. The blue line is a linear regression
fitted to the residual pairs and the black line is the y=x line. If the index is proportional to stock
abundance, then the blue and black lines should coincide.
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Figure 12. Calibration regression plots for age 3 for the discard run. The blue line is a linear regression
fitted to the residual pairs and the black line is the y=x line. If the index is proportional to stock
abundance, then the blue and black lines should coincide.
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Figure 13. Calibration regression plots for age 4 for the discard run. The blue line is a linear regression
fitted to the residual pairs and the black line is the y=x line. If the index is proportional to stock
abundance, then the blue and black lines should coincide.
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Figure 14. AR plots of lagged residuals for the discard run. The blue line is the regression fitted to the
data pairs. If residuals are uncorrelated then the slope of the regression should be 0.
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Figure 15. QQ plots to check for log normality (i.e. points and line should coincide) for the discard run.

80



MEDITERRANEAN SWORDFISH STOCK ASSESSMENT MEETING (ONLINE) - 2020

1 5
12 d
111 g
10
12 -
0]
11 -
-
—
10
12 4
= c
I 11+ -
= |—
10 4
12 4
=
11+ o
-
C
10 -
12 4
wn
11 - ™
-
C
10

198TRSPO D 101 9STEEDEO 1019509 WOOED 101 98THSEOMD 101 S5I9ENE0 10
as.numeric(yrcls)

Figure 16. Weights for terminal year Ns for each CPUE observation and shrinkage to the mean F(fshk) for
the discard run. Vertical line identifies the range used for shrinkage to age in the terminal ages. Points
correspond to individual cohorts.

81



MEDITERRANEAN SWORDFISH STOCK ASSESSMENT MEETING (ONLINE) - 2020

Appendix 6

A4A FINAL RUNS

1. Introduction

The final runs of the Mediterranean Swordfish, using statistical catch-at-age method a4a, are presented in
the current document. Following the recommendation of the Group, the assessments assumed a constant
natural mortality considered adequate to assess the status of the stock. The Group requested for two final
ada runs, assuming constant mortality vector with and without discards. The final runs took into
consideration an additional standardized CPUE index, the one of the Ligurian surface longliners, expressed
in biomass.

2. Materials and Methods

The final ada runs used CAA data from 1985 to 2018 and five standardized CPUE biomass indices were
considered. The first run assumed a constant mortality vector M = 0.2, while the second assumed also a
constant M including discards estimates as derived from the SCRS/2020/028. The six CPUE indices are:
Greek longliners (SCRS/2020/021), Moroccan longliners (SCRS/2020/026), Spanish longliners (SCRS/
2020/043), Ligurian longliners (SCRS/2020/027), Sicilian longliners (SCRS/2014/105) and the historical
Ligurian surface longliners (SCRS/2014/112) as suggested by the Group. All indices were considered
representative of ages 2 — 4. The standardized CPUE indices are shown in Figure 1.

The same final model setup was applied in the two runs and the structure of submodels can be found in
Table 1. Age plus group was set to 5 and the F range was set to ages 2 — 4.

3. Results

The results among the runs were considered similar, besides the estimated recruitment in recent years
where the discards run estimation was a bit higher. A downward trend in the residuals, begging in the mid-
1990s is present in both runs. Moreover, the uncertainty around estimates of the recruitment appeared
high in both cases at the end of the time series. The trajectory of SSB revealed a slight declining trend and
after the mid-2000s fluctuated around 7,500 t. The results of the two final runs are plotted in Figures 2 and
3. Diagnostic tests were performed for both CAA and standardized CPUE indices residuals and are presented
in Figures 4 - 7. A negative pattern in the recruitment residuals is present in both runs, where it should be
noted that this was probably the result of lack of a tuning index for age 0. Quantile — quantile plots for both
CAA and standardized CPUE indices showed some heavy tails in the recruitment and are presented in
Figures 8 and 9. Retrospective analysis conducted for both cases did not show any particular pattern,
except some discrepancies that were observed for recruitment. The retrospective analysis for each run is
presented in Figures 10 and 11. MCMC runs were performed for the two final runs as an alternative to the
maximum likelihood estimation (MLE) that is being used as a default estimation procedure in the
assessment. The plots comparing maximum likelihood estimation and MCMC are presented in Figures 12
and 13. Comparisons of the results between the two approaches are presented in Figure 14. For the
estimation of biological reference points, a Beverton Holt Stock Recruitment relationship was assumed.
Given the lack of sufficient data, an empirical relationship with high steepness value was developed. The
reference points values along the final year’'s estimation for the SSB and F are presented in Table 2.
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Table 1. Sub-models set up for the final ad4a runs assuming constant M and discards run. ~1 stands for the

constant model while ~s() are thin plate regression splines.

F-at-age
Recruitment
Catchability

Observation Variance of the catch

Observation Variance of the
indices

Initial age structure

F
R

Q

~s(year, k=17) + s(age, k = 3)
~s(year, k =15)

~1for GG_LL,SP_LL,SI_LL
~s(year, k=3) for MO_LL
~s(year, k=3) for LI_LL

~s(year, k=9) for LI_SUR

~s(age, k=3)
~1 for all indices

~s(age, k=3)

Table 2. Biological reference points and terminal values for F and SSB for the two a4a final runs.

Estimates
F2o018

SSB

MSY

Fusy

Busy
F/Fusy
B/Busy

ConstantM
0.536

7312
14548
0.383
45862
1.397

0.500
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Discards
0.702
6332
13783
0.375
43513
1871
0518
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Figure 1. Time series of scaled standardized CPUE indices by fleet: GR_LL =Greek longline, SP_LL = Spanish
longline, MO_LL = Moroccan longline, LI_LL = Ligurian longline, SI_LL = Sicilian longline. LI_SUR = Ligurian
Surface longline.
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Figure 2. Estimated time series for the Constant M run. 50% and 90% Cls.
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Figure 3. Estimated time series for the Discards run. 50% and 90% Cls.
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Figure 4. Standardized residuals for catch numbers for Constant M run.
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Figure 5. Standardized residuals for biomass indices for Constant M run.
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Figure 6. Standardized residuals for catch numbers for Discards run.
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Figure 7. Standardized residuals for biomass indices for Discards run.
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Figure 8. Quantile — quantile plots for catch numbers and biomass indices for Constant M run.
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quantile-quantile plot of log residuals of catch and abundance indices
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Figure 9. Quantile — quantile plots for catch numbers and biomass indices for Discards run.
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Figure 10. Retrospective plots for Constant M run.
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Figure 11. Retrospective plots for Discards run.
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Figure 12. Comparative plot between MLE fit and MCMC for Constant M run.
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Figure 13. Comparative plot between MLE fitand MCMC for Discards run.
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Figure 14. Comparative plot between Constant M run and Discards.
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