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Introduction
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Hillary et al. 2016 ). This was the case in initial development for Albacore in the Indian Ocean
(Mosqueira and Sharni2014 IOTC 201WPM 05) based on the Synthesis Assessment (Hoyle et. al.
2014). In that case 720 models were examined as the basis of the operating model. However, in the
case of the Atlantic (Kell et. al. 2016), a much finer operating model structurasgds10 models)
conditioned on the MultiFan Assessment (Anon 2012). Thus, a whole range of approaches is
available in the literature (Punt et. al. 2014) and we would examine if a full grid approach is relevant,
or something simpler could work.

The objetive of this work is to first examine the grid structure using GLM based methods to
determine which variables effect the derived parameters like BO and current stock size. Once the
main and interaction effects that are important are figured a refined goidld be examined.

In addition, the variance covariance matrix produced by the assessment and test whether we need a
complex model structure for the MSE (CCSBT and IOTC) or do simpler structures perform just as well
(ICCAT). We would use the Synthesis rhadd platform to examine this (with the Indian Ocean
Albacore Assessment). Tools already developed (Mosqueira and Sharma 2014) could be further
developed to examine across SS model platforms and to make it more generic for application in

other assessments the Atlantic.

The objective here is to examine whether main effects used in the grid are sufficient for robustness
testing of the MP, and provide adequate contrast in the states of nature or do we need to apply all
possible interactions in the grid agll, and can the variance a@riance matrix inform us of the
scenarios that could be used.

Methods
GLM Based Analysis

All feasible runs from the grid were examined using the grid design to assess what drove some of the
key estimable parameters (like BWVe tested lineamodels with interactiongeq. 1) as suggested
by Green and Macdonald (1987).
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where B is the estimated biomass at the beginning of the series the main effect design vaéeséle (
M, h, lIsel, cv andatchability changgsand all 2 way and three way interactiokBider the null
hypothesis ; and/or interaction coeffecients0. Under the alternative hypothesisand/or

interaction coeffecients n @

We tested the approach om different grids runpne foran Indian Ocean Albacore set up
(Mosqueira XXXX) and another one developed for East Atlantic Bluefin based on a new assessment
developed (Sharma et. al. XXXX).



Grids developed Albacore and BFT tuna are shown in Tables below which weexdn@ned with

GLMS and PCA for examining significant variables and interactions for a smaller more efficient grid to

run the MP.

Table 1: Structural Uncertainty in grid examined for Albacore

Assumption

Option

Spatial domain

lo; IndianOcean withone area

BevertonHolt SR
Steepness (h)

h=07
h=08
h=0.90 (Base case)

Natural Mortality

5 Vectors:

M=0.2

M=0.3

M=0.4

Early Ages 0.4 declining to age 5 linearly later ages 0.2 (0.2 age 5)
Early Ages 0.4 declining to 0.3 ata ge 5later ages (0.3 at age 5)

CPUECV 0.2,0.3,0.4,0.5

" BD lognormal errors

Recruitment rndc RSOAIGSa Q@AY GSR FTNRY
" BOlog(dew)) rnon RSOAI GSa -804 AYIFGISR TNRY

Catchat-Length
(SS=assumed sample)

ESS 260, 100(Base 20)

Selectivity

Double Normal (LL)
Logistic (LL)

Catchability change

Q change by 0.5% annually for all CPUE series used in base case

Table 2: Structural Uncertainty examined in Eastern BFT Assesemtr@ OM (Total of 2280

Models)

Assumption

Option

Spatial domain

ao; AtlanticOcean withone area

BevertonHolt SR h=0.5
Steepness (h) h=0.6

h=07

h=08

h=0.90 (Base case)
Growth, and Maturity VB(Cort XXXX)
Natural Mortality 4 Vectors:

Lorenzon (Base case, scaled to full M=0.1 at age 20)
CCSBT old
CCSBT new




Constant M0.14)

CPUE* Run 1: Base (JPLL MED, JPLL NEAT, AS, LS, TRAP)
" BD lognormal errors | Run 2 SpBB

Run 3 Mor TRAP

Run 4 JPLL MED & NE, JPLL NEAT

Run 5: Aerial and Larval Surveys

Run 6: All (other than PS)

CVv=0.2 all (JP NEAT, LS and AS (0.4))

Recruitment "T'nodc RSOAFGSE QGéedAYI GSR 7
" BOlog(dew)) "T'non RSOAFGSE -8044iAYI GSR 3
Catchat-Length Lambda=0.0001 low wts to LC
(SS=assumed sample) | ESS 260, 100(Base 20)
Selectivity Double Normal (LL)
Logistic (LL)
Catchability change Q change by1% annually for all CPUE series used in basg
case

Principal Component Analys{see Appendix 1 for results)

Principal component analysis was run on the grid results on the main diagnostics (BQ S5
F.u/Fusy MSY, etc) and the grid characteristics (M, h, ESS, LLq, cpuecy, lisel). The main axis of the
PCA and the clustering structure would provide information on the key elements that are important
for the grid.

Results

Albacore Indian Ocean MSE

Main Effects
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Figure 1: Main effects and BO
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Figure 2: Main effects and.B/Busy



Table 1: ANOVA indicating variables and main effects with BO as the dependent variable

Df Deviance Resid. Df Resid. Dev F Prc>F)

NULL 654 1.2923e+13

factor(M) 4 2.5089e+12 650 1.0414e+13 133.2578 < 2.2e -16 ***
factor(steepness) 2 1.6292e+11 648 1.0251e+13 17.3062 4.789% - 08 ***
factor(ess) 2127 69e+12 646 8.9745e+12 135.6394 < 2.2e - 16 ***
factor(llg) 15.9042e+10 645 8.9155e+12 12.5437 0.0004264 ***

factor(cpuecv) 3 1.0550e+11 642 8.8100e+12 7.4716 6.374e - 05 ***
factor(llsel)  15.6036e+12 641 3.2064e+ 12 1190.4920 < 2.2e - 16 ***
factor(sigmaR) 1 1.9396e+11 640 3.0124e+12 41.2083 2.666e - 10 ¥

All variables were significant and hence we looked at all possible 2 way interactions to see what may
be important to test for grid structure.



2 levelinteractions with main effects

The key two way interaction for some of the key variables are shown below
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Figure3: Main 2 way interactions betweernESSand all variables (1' 2 rows), between M, cpu€V,
selectivity and sigma R (row3) and between steepness and selectivity and sigmaR and selectivity
and sigmaR and catchability change (row 4).

Table 2: ANOVA indicating variables and main effectsand 2 way interactions with BO as the dependent variable

NULL
factor(M)

factor(steepness)

factor(ess)

4 2.5089e+12

21.2769e+12

21.6292e+11

Df Deviance Resid. Df Resid. Dev
654 1.2923e+13
650 1.0414e+13 431
648 1.0251e+13 56.0805 < 2.2e
646 8.9745e+12 439.5378 < 2.2e

F Pr(>F)

.8204 < 2.2e

_ 16 ¥+
_ 16 ¥+
- 16 ***




factor(llg) 15.9042e+10 645 8.9155e+12 40.6476 3.801e - 10 ¥

factor(cpuecv) 31.0550e+11 642 8.8100e+12 24.2115 9.501e - 15w
factor(llsel) 15.6036e+12 641 3.2064e+12 3857.7749 < 2.2e -16 ***
factor(sigmaR) 11.9396e+11 640 3.0124e+12 133.5351 < 2.2e -16 ***
factor(M):factor(steepness) 8 5.0697e+09 632 3.0074e+12 0.4363 0.8993488

factor(M):factor(ess) 8 5.2134e+11 624 2.4860e+12 44.8642 < 2.2e - 16 ***
factor(M):fa ctor(llg) 47.2289e+08 620 2.4853e+12 0.1244 0.9736628

factor(M):factor(cpuecv) 12 5.4492e+10 608 2.4308e+12 3.1262 0.0002557 ***

factor(M):factor(llsel) 11.0567e+10 607 2.4202e+12 7.2748 0.0072 025 **

factor(steepness):factor(ess) 4 3.0613e+10 603 2.3896e+12 5.2690 0.0003586 ***
factor(steepness):factor(llg) 2 3.4744e+09 601 2.3862e+12 1.1960 0.3031773

factor(steepness):factor(cpuecv ) 66.1161e+09 595 2.3800e+12 0.7018 0.6483010
factor(steepness):factor(lisel) 2 1.3958e+10 593 2.3661e+12 4.8045 0.0085314 **

factor(ess):factor(llg) 2 2.5106e+10 591 2.3410e+12 8.6422 0.0002010 ***

factor(ess) :factor(cpuecv) 6 2.9614e+11 585 2.0448e+12 33.9800 < 2.2e - 16 ***
factor(ess):factor(lisel) 2 1.5833e+11 583 1.8865e+12 54.5024 < 2.2e - 16 ¥
factor(llg):factor(cpuecv) 37.7295e+09 580 1.8788e+12 1.7738 0.151 0317

factor(llg):factor(llsel) 1 6.0294e+08 579 1.8782e+12 0.4151 0.5196585
factor(cpuecv):factor(lisel) 3 3.6050e+09 576 1.8746e+12 0.8273 0.4791722

factor(M):factor(sigmaR) 4 5.6200e+11 572 1.3126 e+12 96.7276 <2.2e - 16 ¥
factor(steepness):factor(sigmaR) 2 7.7301e+09 570 1.3048e+12 2.6609 0.0707643 .

factor(ess):factor(sigmaR) 2 4.2664e+11 568 8.7820e+11 146.8595 < 2.2e - 16 ***
factor(llg):factor(sigmaR) 12.9271e +10 567 8.4893e+11 20.1514 8.681e - 06 ***

factor(cpuecv):factor(sigmaR) 3 8.9733e+09 564 8.3995e+11 2.0592 0.1045595
factor(llsel):factor(sigmaR) 1 2.2174e+10 563 8.1778e+11 15.2654 0.0001048 ***

Signif. codes:*6 MW.001 6**6 0.01 6*6 0.05 6.6 0.1 6 6 1

Based on Table 2, all main effects are significant, other 2 level interactions are where effective
sample size interacts with everything, other factors that are significant are M:llsel, M:cpuecv, and
M:sigmaR, gimaR: llg and Sigma R: lIsel.

All 3 way interactions with ESS and M were significant, other than lisel (shape of selectivity),
llg(change in q) or steepness (see Table 3 below)

Table 3: Main effects with significant 2 way interactions, and remaining 3 \ivdgractions

Terms added sequentially (first to last)

Df Deviance Resid. Df Resid. Dev F Pr(>F)

NULL 654 1.2923e+13

factor(M) 4 2.5089e+12 650 1.0414e+13 566.9956 < 2.2e - 16 ***
factor(steepness) 2 1.6292e+11 648 1.0251e+13 73.6357 <2.2e - 16 ***
factor(ess) 21.2769e+12 646 8.9745e+12 577.1288 < 2.2e -16 ¥*
factor(llq) 15.9042e+10  6458.9155e+12 53.3718 1.025¢ 12 e
factor(cpuecv) 3 1.0550e+11 642 8.8100e+12 31.7906 < 2.2e - 16 ¥
factor(llsel) 15.6036e+12 641 3.2064e+12 5065.3962 < 2.2e - 16 ***
factor(sigmaR) 11.9396e+11 640 3.0124e+12 175.3364 < 2.2e - 16 ***
factor(M):factor(ess) 8 5.0314e+11 632 2.5093e+12 56.8520<2.2e - 16 ***
factor(M):factor(cpuecv) 12 5.2002e+10 620 2.4573e+12 3.9173 8.614e - 06 ***
factor(M):factor(llsel) 17.7689e+09 619 2.4495e+12 7.0228 0.0082892 **

factor(steepness):factor(ess) 42.9472e+10 615 2.4201e+12 6.6603 3.107e - 05 *x*
factor(steepness):factor(lisel) 2 3.1823e+10 613 2.3882e+12 14.3835 8.271e - Q7 *x*
factor(ess):factor(liq) 2 2.5154e+10 611 2.3631e+12 11.3689 1.465e - 05 ¥+
factor(ess):factor(cpuecv) 6 3.0086e+11 605 2.0622e+12 45.3273<2.2e - 16 ***
factor(ess):factor(lisel) 2 1.5050e+11 603 1.9117e+12 68.0235< 2.2e - 16 ¥
factor(M):factor(sigmaR) 4 5.6696e+ 11 599 1.3448e+12 128.1283 < 2.2e - 16 ***
factor(ess):factor(sigmaR) 2 4.2988e+11 597 9.1488e+11 194.2975< 2.2e - 16 ***
factor(llq):factor(sigmaR) 12.8619e+10 596 8.8626e+11 25.8708 5.080e - Q7 ¥+
factor(lls el):factor(sigmaR) 11.6158e+10 595 8.7010e+11 14.6064 0.0001482 ***
factor(M):factor(ess):factor(lisel) 2 3.9157e+07 593 8.7006e+11 0.0177 0.9824580

factor(M):factor(steepness):factor(ess) 24 2.6453e+10 569 8.43 6le+1l 0.9964 0.4690186
factor(M):factor(ess):factor(sigmaR) 8 1.8736e+11 561 6.5624e+11 21.1711<2.2e - 16 *r*
factor(M):factor(ess):factor(cpuecv) 21 6.8145e+10 540 5.8810e+11 2.9334 1.630e - 05 *x*
factor(M):factor(ess):facto r(llg) 12 4.0002e+09 528 5.8410e+11 0.3013 0.9891227

Signi f. codes: 0O 6***6 0.001 6**6 0.01 6*6 0.05 6.6 0.1 o6 o6 1

The final model used the main and interactions that were significant (Table 4) and Higlrews
all diagnostics ahese model fits.



Table 4: Main effects with significant 2 way interactions

Df Deviance Resid. Df Resid. Dev F Pr(>F)

NULL 654 1.2923e+13
factor(M) 4 2.5089%e+12 650 1.0414e+13 573.3071 < 2.2e - 16 ***
factor(steepness) 2 1.6292e+11 648 1.0 251e+13 74.4553 < 2.2e - 16 ***
factor(ess) 21.2769e+12 646 8.9745e+12 583.5531 < 2.2e - 16 ***
factor(llq) 15.9042e+10 645 8.9155e+12 53.9659 7.157e - 13 *xx
factor(cpuecv) 3 1.0550e+11 642 8.8100e+12 32.1445<2.2e - 16 ***
factor(llsel) 15.6036e+12 641 3.2064e+12 5121.7814 < 2.2e - 16 ***
factor(sigmaR) 11.9396e+11 640 3.0124e+12 177.2882 < 2.2e - 16 ***
factor(M):factor(ess) 8 5.0314e+11 632 2.5093e+12 57.4848 < 2.2e - 16 ***
factor(M):factor(cpuecv) 12 5.2002e+10 620 2.4573e+12 3.9609 6.830e - 06 ***
factor(M):factor(llsel) 17.7689e+09 619 2.4 495e+12 7.1010 0.0079240 **
factor(steepness):factor(ess) 4 2.9472e+10 615 2.4201e+12 6.7344 2.674e - 05 ***
factor(steepness):factor(lisel) 2 3.1823e+10 613 2.3882e+12 14.5436 6.930e - 07 ***
factor(ess):factor(llq) 2 2.5154e+10 611 2.3631e+12 11.4955 1.277e - 05 ***
factor(ess):factor(cpuecv) 6 3.0086e+11 605 2.0622e+12 45.8318 < 2.2e - 16 ***
factor(ess):factor(llsel) 2 1.5050e+11 603 1.9117e+12 68.7807 < 2.2e - 16 ***
factor(M):factor(sigmaR) 4 5.6696e+11 599 1.3448e+12 129.5545 < 2.2e - 16 ***
factor(ess):factor(sigmaR) 2 4.2988e+11 597 9.1488e+11 196.4603 < 2.2e - 16 ***
factor(llg):factor(sigmaR) 12.8619e+10 596 8.8 626e+11 26.1588 4.311e - 07 ***
factor(llsel):factor(sigmaR) 11.6158e+10 595 8.7010e+11 14.7690 0.0001353 ***
factor(M):factor(ess):factor(sigmaR) 8 1.8658e+11 587 6.8352e+11 21.3173<2.2e - 16 ***
factor(M):factor(ess):factor(cpu ecv) 21 6.4276e+10 566 6.1924e+11 2.7976 3.816e - 05 ***
Signif. codes: 0O 6***% 0.001 6**6 0.01 6*6 0.05 6.6 0.1 6
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Figure4: Diagnostic plots of final model with significant main effects and interactions.



Bluefin Tuna Eastern Atlantic

Main effects steepness and M and cpue series fits have a large influence on model dy{Fagnies
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Figure 5: Main effects and BO
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Figure 6: BFT east SSB_2015.SSBMSY against main effects



Table 5: ANOVA indicating variables and main effectswith BO as the dependent variabléor EBFT

Df Deviance Resid. Df Resid. Dev F Pr(>F)

NULL 2195 3.4094e+14
factor(M) 33.3054e+13 2192 3.0789%e+14 826.1187 <2e - 16 ***
factor(steepness) 4 2.6082e+14 2188 4.7072e+13 4888.9773 < 2e - 16 ***

factor(ess) 2 0.0000e+00 2186 4.7072e+13 0.0000 1.00000
factor(llq) 10.0000e+00 2185 4.7072e+13 0.0000 1.00000

factor(cpues) 51.6735e+13 2180 3.0337e+13 250.9523 < 2e - 16 ***
factor(llsel) 16.2393e+10 2179 3.0275e+13 4.6782 0.03066 *
factor(sigmaR) 11.2267e+12 2178 2.9048e+13 91.9762 < 2e - 16 ***

Based on this analysis, we assess that M, stegqrepue series, liselectivity and sigmaR are
significant main effects. We looked at main effects and 2 way interactions on these variables (Table
6) and assessed the grid structure based on that.

Table 8: ANOVA on all Main effects and 2 way interactions

Df Deviance Resid. Df Resid. Dev F Pr(>F)

NULL 2195 3.4094e+14

factor(M) 33.3054e+13 2192 3.0789%e+14 6093 809<22e -16**
factor(steepness) 4 2.6082e+14 2188 4.7072e+13 36063.212 < 2.2e - 16 ¥
factor(ess) 2 0.0000e+00 2186 4.7072e+13 0.000 1.000000

factor(llq ) 10.0000e+00 2185 4.7072e+13 0.000 1.000000

factor(cpues) 51.6735e+13 2180 3.0337e+13 1851.133 < 2.2e - 16 ¥
factor(llsel) 16.2393e+10 2179 3.0275e+13 34.508 4.93 5e- 09 ***
factor(sigmaR) 11.2267e+12 2178 2.9048e+13 678.456 < 2.2e - 16 ***
factor(M):factor(steepness) 12 1.3438e+12 2166 2.7704e+13 61.935< 2.2e - 16 ***
factor(M):factor(ess) 6 0.0000e+00 2160 2.770 4e+13 0.000 1.000000
factor(M):factor(llq) 30.0000e+00 2157 2.7704e+13 0.000 1.000000

factor(M):factor(cpues) 156.6232e+11 2142 2.7042e+13 24.421<2.2e - 16 ***
factor(M):factor(llsel) 31.7740 e+1l 2139 2.6865e+13 32.706 < 2.2e - 16 ***

factor(steepness):factor(ess) 8 0.0000e+00 2131 2.6865e+13 0.000 1.000000
factor(steepness):factor(llg) 4 0.0000e+00 2127 2.6865e+13 0.000 1.000000

factor(steepness):fact or(cpues) 19 8.5334e+12 2108 1.8331e+13 248.402 < 2.2e - 16 ***
factor(steepness):factor(lisel) 4 1.4686e+11 2104 1.8184e+13 20.306 < 2.2e - 16 ***
factor(ess):factor(llg) 2 0.0000e+00 2102 1.8184e+13 0.000 1.000000

fa ctor(ess):factor(cpues) 10 0.0000e+00 2092 1.8184e+13 0.000 1.000000
factor(ess):factor(llsel) 2 0.0000e+00 2090 1.8184e+13 0.000 1.000000

factor(llg):factor(cpues) 50.0000e+00 2085 1.8184e+13 0. 000 1.000000
factor(llg):factor(llsel) 10.0000e+00 2084 1.8184e+13 0.000 1.000000

factor(cpues):factor(lisel) 51.3210e+13 2079 4.9739e+12 1461.281 < 2.2e - 16 ¥
factor(M):factor(sigmaR) 37.8338e+10 20 76 4.8956e+12 14.442 2.598e - 09 *x*
factor(steepness):factor(sigmaR) 4 2.3032e+11 2072 4.6652e+12 31.846 < 2.2e - 16 ***
factor(ess):factor(sigmaR) 2 0.0000e+00 2070 4.6652e+12 0.000 1.000000

factor(llg):factor(sigmaR) 10.0000e+00 2069 4.6652e+12 0.000 1.000000
factor(cpues):factor(sigmaR)  59.1665e+11 2064 3.7486e+12 101.396 < 2.2e - 16 ¥

factor(llsel):factor(sigmaR) 1 1.8556e+10 2063 3.7300e+12 10.263 0.001378 **

Table 9: ANOVA on significant Main effects, 2 way interactions and remaining 3 way interactions
Df Deviance Resid. Df Resid. Dev F Pr(>F)

NULL 2195 3.4094e+14

factor(M) 3 3.3054e+13 2192 3.0789e+14 14402.462 < 2.2e - 16 ***
factor(steepness) 42.6082e+14 2188 4.7072e+13 85233.891 < 2.2 e- 16 ***
factor(cpues) 51.6735e+13 2183 3.0337e+13 4375.074 < 2.2e - 16 ***
factor(llsel) 16.2393e+10 2182 3.0275e+13 81.559 < 2.2e - 16 *+*
factor(sigmaR) 11.2267e+12 2181 2.9048e+13 1603.503 < 2.2e - 16 ***
factor(M):factor(steepness) 12 1.3438e+12 2169 2.7704e+13 146.381 < 2.2e - 16 ***
factor(M):factor(cpues) 156.6232e+11 2154 2.7042e+ 13 57.718<2.2e - 16 *+*
factor(M):factor(lIsel) 31.7740e+11 2151 2.6865e+13 77.299 < 2.2e - 16 ***
factor(steepness):factor(lisel) 41.1704e+11 2147 2.6748e+13 38.249<2.2e - 16 ***
factor(steepness) :factor(cpues) 19 8.5632e+12 2128 1.8184e+13 589.139 < 2.2e - 16 ***
factor(M):factor(sigmaR) 35.9874e+10 2125 1.8124e+13 26.089 < 2.2e - 16 ***
factor(llsel):factor(sigmaR) 16.2776e+10 2124 1.8062e+13 82.059 < 2.2e - 16 ***
factor(steepness):factor(sigmaR) 42.0257e+11 2120 1.7859e+13 66.200 < 2.2e - 16 ***
factor(cpues):factor(sigmaR) 59.1652e+11 2115 1.6943e+13 239.612 < 2.2e - 16 ***

factor(cpues):factor(lisel) 51.3213e+13 2110 3.7300e+12 3454.229 < 2.2e - 16 ***



factor(M):factor(steepness):factor(cpues) 50 1.1932e+12 2060 2.5369e+12 31.194 < 2.2e - 16 ***

factor(M):factor(steepness):factor(lisel) 12 1.1530e+11 2048 2.4216e+12 12.560 < 2.2e - 16 ***
factor(M):factor(steepness):factor(sigmaR) 12 2.9055e+10 2036 2.3925e+12  3.165 0.0001708 ***

factor(steepness):factor(cpues):factor(lisel) 17 6.8867e+11 2019 1.7038e+12 52 954 <22e -16***
factor(steepness):factor(cpues):factor(sigmaR) 14 1.1928e+11 2005 1.5846e+12 11.137 <2.2e - 16 ***
factor(cpues):factor(lisel):factor(sigmaR) 5 5.4545e+10 2000 1.5300e+12 14.260 9.719e - 14 ***

All 3 way interactionare significant, but due to complexity in examining and explaining 4 way
interactions, we left the model as is with 3 way interactions. Diagnostic plots (Figure 7) indicate that
the model residuals are performing well.
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Figure 7: Diagnostic plots of fimabdel with significant main effects and interactions.
Conclusions
ALBACORE:

Based on tis analysiswe can conclude that grid with 3 M levels, 3 steepness levels, 2 effective
sample size levels, 2 liq levels, 2 cpuecv levels, 2 shape of selectividydprae? sigmR levels (a
total of 192 possible combinations should be sufficient to exhibit the uncertainty in this stouk)
test the behaviour of a an empirical or model based control rule in the context of an MP

BLUEFIN:

Based on this analysis, wan conclude that a grid with 4 M levels, 5 steepness levels, 6 cpue series
assumptions, 2 shape of selectivity levels, and 2 sigmaR levels (a total of 480 possible combinations



should be sufficient to exhibit the uncertainty in this stock), and test glealviour of a an empirical

or model based control rule in the context of an NNaite, ESS is not used here primarily due to the
poor quality of length composition data over the duration of the fishery. Hence, while being used to
estimate selectivity, it idownweighted in the base model, and hence not a significant component
(model behaviour becomes unstable when we put a strong weight on this component).
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Appendix 1: Results of PCA and Cluster Anatysissess main components for
IO Albacore Model
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Figure 1.Time series from SS runs.
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PCA

i) biomassv f ref pts
i) shape of production function
iii) current biomassv F

iv) regime

s.irgin  b.fmax_ s.msy s.fmax_ rt rc

-0.2614776 -0.2539173 -0.2384490 -0.2382744 -0.2352807 -0.2324472
b.virgin ffmax_  ffmsy r

-0.2312375 0.2311936 - 0.2253038 -0.2225971

shape b.current f.current s.current f.crash bbmsy_

0.3339449 0.3007661 -0.2906112 0.2886099 -0.2834624 0.2792214
b.msy ffmsy_ fmsy s.msy

0.2640245 -0.2630 520 -0.2241542 0.1906638

b.current f.current s.current rt  bbmsy r.current
-0.3712180 0.3475712 -0.2878654 0.2824470 -0.2759174 -0.2539155



rfmax_ f.fmax_ r s.fmax_
0.2316788 0.2216983  -0.2039449 -0.2023415

rmsy b.irgin rfmax_ y.msy ssmsy f.msy

-0.3560004 -0.3402090 -0.3287533 -0.3207684 -0.2975443 -0.2538666
ssmsy_ s.irgin - b.msy rc

-0.2445313 -0.2365749 -0.2235823 -0.2001049
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Figure 8. 1st and 2nd components by cluster.
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PC3 (14.2% explained var.)
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Figure 9.2nd and 3rd components by cluster.
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Figure 10.3rd and 4th components by cluster.
http://www.statmethods.net/advstats/cluster.html
Group.1 b.current  b.msy b.virgin b.fmax_ s.current

1 1 0.71592907 -1.5690401 -0.8901608 -1.0977655 0.12345907
2 2 0.01272145 0.2291341 -0.2732081 -0.8688372 -0.02179084
3 3 -0.78784769 1.9699310 2.0974198 1.5701209 -0.87995479
4 4 0.08605401 -0.3326236 -0.6184443 -0.5867837 0.07766019

5 5 -0.44873136 -1.5337400 -0.6862410 -0.9609914 -0.40011920
6 6 -0.70063400 -0.2913110 0.2644178 0.8272977 -0.60268482
7 7 -0.33397902 -1.4761164 -0.9132181 -0.2361593 -0.24666931
8 8 1.30396461 0.8819964 0.8640064 0.8349463 1.31337348

s.msy s.virgin s.fmax_ f.current fmsy f.crash
1 -1.2306986 -1.1053379 -0.93517725 -0.77840199 4.5997472 3.73407942
2 -0.3392093 -0.7584059 -0.93360160 -0.08334696 -0.1569635 -0.33423431
3 2.1252681 2.0423261 1.22103711 1.04751973 -0.4988973 -0.42997333
4 -0.3557392 -0.5577819 -0.60334075 -0.18961633 -0.2033472 -0.34056538
5 -1.2304167 -0.9906566 -0.93305476 0.11476137 4.2862128 3.5360 5497

6 -0.1512533 0.4784329 0.94846617 0.63554997 -0.2239405 -0.09529173
7 -1.1500631 -0.6269234 -0.07369657 0.45090496 0.8483730 1.99060025
8 1.0987794 1.0021404 0.89677073 -1.02964887 -0.4515658 -0.41556189

ffmax_ r.current r.msy r.fmax_ y.current y.msy
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