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Figure 45. Ratios of exploited to unexploited total biomass (By/By) for the WCPO obtained from the separate
analyses.

92



Region 1

0 10 20 30 40 50
L

I
1950 1960 1970 1980 1990 2000

Region 3

0 20 40 60
| | |

T
1950 1960 1970 1980 1990 2000

Impact %

Region 5

0 5 10 15 20
| | | |

T
1950 1960 1970 1980 1990 2000

WCPO

0 10 20 30 40 50
| | | |

I
1950 1960 1970 1980 1990 2000

Figure 46. Estimates of reduction in spawning biomass due to fishing (fishery impact = 1-SB/SB,;) by region and for
the WCPO attributed to various fishery groups. LL = all longline fisheries; PH/ID = Philippines and Indonesian
domestic fisheries; PS assoc = purse seine FAD and log sets; PS unassoc = purse seine school sets; Other = JP coastal

PL & PL and equatorial PL.
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Figure 47. Estimates of reduction in total biomass due to fishing (fishery impact = 1-By/B,;) by region and for the
WCPO attributed to various fishery groups. LL = all longline fisheries; PH/ID = Philippines and Indonesian domestic
fisheries; PS assoc = purse seine FAD and log sets; PS unassoc = purse seine school sets; Other = JP coastal PL & PL

and equatorial PL.
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Figure 48. Trends in fishery specific vulnerable biomass under fishing and the trend in biomass that would have
occurred in the absence of fishing for four fisheries within region 3; the principal distant-water longline fishery (LL
ALL 3), PNG domestic longline fishery (LL PG 3) and the associated (PS ASS 3) and unassociated (PS UNS 3) purse-
seine fisheries.
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Figure 49. Estimated relationship between equilibrium recruitment and equilibrium spawning biomass. The
grey area indicates the 95% confidence region. The points represent the estimated recruitment-spawning
biomass and the colour of the points denotes the time period from which the estimate was obtained (see legend).
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Figure 50. A comparison of the prior distribution of steepness (blue line) included in the base-case assessment
model and the likelihood profile of the steepness parameter for the base-case model (with the beta prior
distribution) (green line) and the model using an uninformative prior on steepness (steepness-no-prior
sensitivity) (orange line). For the base-case analysis, steepness is estimated at 0.62 (arrow).
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Figure 51. Yield, equilibrium biomass and equilibrium spawning biomass as a function of fishing mortality
multiplier. The shaded areas represent approximate 95% confidence intervals.
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Figure 52. Temporal trend in annual stock status, relative to Bysy (X-axis) and Fysy (y-axis) reference points,
for the model period (1952-2006). The colour of the points is graduated from mauve (1952) to dark purple
(2006) and the points are labelled at 5-year intervals. The white point represents the reference points computed
for the “current” period (2002-2005) and the white lines represent the associated 95% confidence interval.
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Figure 53. Temporal trend in annual Maximum Sustainable Yield (MSY) (red line) estimated for each year
included in the yellowfin stock assessment model. This is compared to the proportional distribution in the
annual yellowfin catch by main gear type for the entire WCPO. The “other” fishery is principally the Indonesia
and Philippines domestic fisheries combined (PH MISC and ID MISC).
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Figure 54. Yield (top), equilibrium biomass (middle) and equilibrium spawning biomass (bottom) as a function

of fishing mortality multiplier obtained from the separate model options. In the upper panel, the arrows indicate
the value of the fishing mortality multiplier at maximum yield.

101



o
S — 11
~ o
2 8-
o
— o
- L — N
o <
- 6 3
T 9 | ® )
< o
~— o —
> o
(92
= 8 |
™
10
I I I I I
800 1000 1200 1400 1600
Bmsy (mt 1000s)
o
o |
® base-case(l) !
id-old-catch(2) "
To R region3-growth(3) E
— id-low-catch(4) i
id-high-catch(5) E
a region3-edevs(6) i
S 9 4 |°* recombine-LL3(7) |--cccomomomoo- S
TN *  ex-newfish(g) ! ap
e * old-size(9) | '
0 ®  region3(10) " @
o ® high-steepness(11) E
o !
° | | | | |
0.0 0.5 1.0 1.5 2.0
B/Bmsv

Figure 55. A comparison of MSY and Bysy (top) and current exploitation rates and biomass levels relative to
the MSY-based reference points (bottom) for the range of sensitivity analyses (see Table 5).
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Figure 56. Theoretical maximum sustainable yields that could be generated by harvesting the stock at individual
age classes and the proportion of the total biomass of that age class that would be harvested to achieve the
theoretical MSY. The current MSY (400,000 mt per year) is represented by the dashed horizontal line.
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Figure 57. Average age class of fish harvested by each fishery. The dashed vertical line represents the “critical
age” (11 quarters); the critical age is the age of capture that generates the maximum yield from the stock.
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Figure 58. Likelihood profile for B, rent / I§MSY from the base-case model.

The probability of B rent / I§MSY < 1 (red region) is approximately 6.2%.
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Figure 59. Likelihood profile for Frent / IEMSY from the base-case model.

The probability of Frent / IEMSY > 1 (red region) is approximately 47%.
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Figure 60. Likelihood profile for Bcurrem/gMSY from the model with the
uninformative prior on steepness of the SRR. The probability of

Beurrent / I§MSY <1 (red region) is approximately 15.0%.
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Figure 61. Likelihood profile for Fcurrent/ﬁMSY from the model with the
uninformative prior on steepness of the SRR. The probability of
Feurrent / Fumsy > 1 (red region) is approximately 76%.
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Figure 62. Comparison of the total biomass trajectory from the current base-case assessment and the 2006
assessment model (HIGHSAMP) and the biomass from a stepwise reconfiguration of the 2007 data set to the
equivalent format in 2006. The first step in reconfigurating the data was to recombine the LL ALL 3 fishery
(combining LL ALL 3 and LL BMK 3).
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Figure 63. Projected ratio of B, / I§MSY where I§M3Y is computed based on the average F-at-age in the final

year (5) of the projection (1,580,000 mt). The black circles and solid line are estimates from the stock
assessment; the open circles and dashed line are the projection.
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Figure 64. Recent and projected total biomass (mt) by region. The vertical dotted line represents the start of the
five-year projection period.
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Appendix 1 doitall.yft

#
# PHASE 0 - create initial par file
#
#
if [ 1 -f 00.par ]; then

mfclopt yft.frq yft.ini 00.par -makepar
fi
#
#
# PHASE 1 - initial par
#
#
if [ 1 -f 01.par ]; then

mfclopt yft.frq 00.par 01.par -file - <<PHASE1

1149100  # recruitment penalties

21131 # estimate initpop/totpop scaling parameter

21771 # use old totpop scaling method

2321 # and estimate the totpop parameter

-9994910  #divide LL LF sample sizes by 10 (default)

-9995010  #divide LL WF sample sizes by 10 (default=10)

-205020  # except for PS in area 1 - lower confidence in these weight data

1322 # sets standard control

11114 # sets likelihood function for tags to negative binomial

11413 # sets likelihood function for LF data to normal

2574 # sets no. of recruitments per year to 4
2691 # sets generic movement option (now default)
2934 # sets no. of recruitments per year to 4 (is this used?)

294229520 #initial age structure based on Z for 1st 20 periods
-999 26 2 # sets length-dependent selectivity option
-999912  # sets no. mixing periods for all tag release groups to 2
# sets non-decreasing selectivity for longline fisheries
-999 57 3 # uses cubic spline selectivity
-999613 # with 3 nodes for cubic spline
5571 # logistic selectivity for 3 TWCH fisheries
-8571
# grouping of fisheries with common selectivity
-1241 # Longline fisheries have common selectivity inreg. 1, 2, 7
-2241
-3242 # Longline fisheries have common selectivity inreg. 3, 4,5, 6, 8
-4243
-5244 # TWI/CH longliners use night sets -> generally bigger fish
-6245
-7243
-8244
-9246
-10243
-11247
-12243
-13248
-14249
-1524 10
-16 249
-17 2410
-1824 11
-1924 12
-2024 13
-2124 14
-22 24 15
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-2324 16 # separate LL selectivity for smaller fish in PNG waters
-24 24 17

# grouping of fisheries with common catchability
-1291 # Longline fisheries grouped

2291

-3292 # HI LL fishery different
-4291

-5293 # TWI/CH LL fishery different
-6294

-7291 # AU LL fishery different
-8295 #JP LL in Aust. region 5 are targeting SBT in the south
-9296 # AU LL fishery different
-10291
-11297
-12291
-13298
-14299
-1529 10
-16 29 11
-1729 12
-1829 13
-192914
-2029 15
-2129 16
-222917
-2329 18
-2429 19
-1601 # Longline fisheries grouped
-2601
-3602 # HI LL fishery different
-4 601
-5603 # TWICH LL fishery different
-6 60 4
-7601 # AU LL fishery different
-8605 #JP LL in Aust. region 5 are targeting SBT in the south
-9606 # AU LL fishery different
-10601
-11607
-12601
-13608
-14609
-1560 10
-16 60 11
-17 60 12
-18 60 13
-1960 14
-20 60 15
-21 60 16
-22 60 17
-2360 18
-24 60 19
# grouping of fisheries for tag return data
-1321
-2322
-3323
-4324
-5325
-6326
-7327
-8328
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-9329
-1032 10
-113211
-123212
-133213
-1432 14 # PS assoc. and unassoc. returns are grouped
-153214
-16 32 15
-173215
-18 32 16 # PH/ID returns returns are grouped
-193217
-203218
-213219
-223220
-23324
-243221
# grouping of fisheries with common tag-reporting rates - as for tag grouping
-1341
-2342
-3343
-434 4
-5345
-6 346
-71347
-8348
-9349
-1034 10
-113411
-123412
-1334 13
-14 3414 # PS assoc. and unassoc. returns are grouped
-1534 14
-16 34 15
-1734 15
-18 34 16 # PH/ID returns returns are grouped
-1934 17
-2034 18
-213419
-223420
-23344
-243421
# sets penalties on tag-reporting rate priors
-1351 # The penalties are set to be small for LL fisheries
-2351
-33550 # HI LL fishery thought to be high rep. rate
4351
-5351
-6351
-7351
-8351
-93550
-10351
-11 3550 # AU LL region 4 thought to be high rep. rate
-12351
-13351
-14 3550 # WTP PS based on tag seeding
-153550
-16 3550
-17 3550
-18 35 50 # PH/ID based on high recovery rate
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-193550
-20351
-21351
-22351
-23351
-24 3550
# sets prior means for tag-reporting rates
-13650 # Mean of 0.5 and penalty of 1 -> uninformative prior
-2 3650
-33680 #HILL
-4 36 50
-536 50
-6 36 50
-7 3650
-8 36 50
-9 36 80
-10 36 50
-11 36 80 # AU LL region 4
-12 36 50
-1336 50

-14 36 45 # WTP PS based on tag seeding and discounted for unable returns

-15 36 45
-16 36 45
-17 36 45
-18 36 60 # PH/ID
-19 36 60 # PH HL
-20 36 50
-21 3650
-22 36 50
-2336 50
-24 36 60
# sets penalties for effort deviations (negative penalties force effort devs
# to be zero when catch is unknown)
-999 13-10  # higher for longline fisheries where effort is standardized
-113-50
-2 13-50
-4 13-50
-713-50
-10 13 -50
-12 13 -50
-18 1310
-2313-10
-24 1310
# sets penalties for catchability deviations
-18151  # low penalty for PH.ID MISC.
-24151
-999331  # estimate tag-reporting rates
13390 # maximum tag reporting rate for all fisheries is 0.9
PHASE1
fi

if [ 1 -f 02.par ]; then
mfclopt yft.frq 01.par 02.par -file - <<PHASE?2
-999 325  #all selectivities equal for age class 25 and older
-9994 4 # possibly not needed
-999 214  # possibly not needed
11891 # write graph.frq (obs. and pred. LF data)
11901 # write plot.rep
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11200 # set max. number of function evaluations per phase to 100
150-2 # set convergence criterion to 1E+01
-999 1410  # Penalties to stop F blowing out
-999622  #add more nodes to cubic spline
PHASE2
fi

if [ 1 -f 03.par ]; then
mfclopt yft.frq 02.par 03.par -file - <<PHASE3
2701 # activate parameters and turn on
2711 # estimation of temporal changes in recruitment distribution
118320 # penalties on devs for first 20 time periods
-100001 1 1000 # pen wt on region rec diffs in region 1
-100001 2 1000 # pen wt on region rec diffs in region 2
-100001 3 1000 # pen wt on region rec diffs in region 3
-100001 4 1000 # pen wt on region rec diffs in region 4
-100001 5 1000 # pen wt on region rec diffs in region 5
-100001 6 1000 # pen wt on region rec diffs in region 6

PHASE3

fi

if [ 1 -f 04.par ]; then
mfclopt yft.frq 03.par 04.par -file - <<PHASE4
2681 # estimate movement coefficients
PHASE4
fi

if [ 1 -f 05.par ]; then
mfclopt yft.frq 04.par 05.par -file - <<PHASE5
1161 # estimate length dependent SD
PHASES
fi

if [ 1 -f 06.par ]; then
mfclopt yft.frq 05.par 06.par -file - <<PHASE6
11738 # estimate independent mean lengths for 1st 8 age classes
118210

PHASE6

fi

if [ 1 -f 07.par ]; then
mfclopt yft.frq 06.par 07.par -file - <<PHASE7
-999 271  # estimate seasonal catchability for all fisheries
-18270 # except those where
-19270 # only annual catches
-24270
PHASE7
fi

# PHASE 8
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if [ 1 -f 08.par ]; then
mfclopt yft.frq 07.par 08.par -file - <<PHASES
-3101 # estimate
-5101 # catchability
-6101 # time-series
-8101 # for all
9101 # non-longline
-11101 # fisheries
-13101
-14101
-15101
-16101
-17101
-18101
-19101
-20101
-21101
-22101
-23101
-24101
-999 2323  # and do a random-walk step every 23+1 months
PHASES8
fi

if [ 1 -f 09.par ]; then
mfclopt yft.frq 08.par 09.par -file - <<PHASE9
1141 # estimate von Bertalanffy K
1121 # and mean length of age 1

PHASE9

fi

if [ 1 -f 10.par ]; then
mfclopt yft.frq 09.par 10.par -file - <<PHASE10
# grouping of fisheries for estimation of negative binomial parameter a
-1441
2441
-3441
-4441
5441
-6441
-7441
-8441
-9441
-1044 1
-11441
-1244 1
-1344 1
-14 44 2
-1544 2
-16 44 2
-17 442
-18443
-19443
-20441
-21441
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-2244 2

-23441

-24 443

-999431 # estimate a for all fisheries
PHASE10
fi

if [ 1 -f 11.par ]; then
mfclopt yft.frq 10.par 11.par -file - <<PHASE11
-10000011 # estimate
-10000021  # time-invariant
-100000 31 #distribution
-10000041 #of
-10000051 # recruitment
-100000 6 1
PHASE11
fi

if [!-f12.par ]; then
mfclopt yft.frq 11.par 12.par -file - <<PHASE12
21451
11490
21461
21471
214820  # Current is defined as 2002-2005
21554
215331
215416
112000
150-3
-999140
PHASE12
fi
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Appendix 2 yft.ini

# number of age classes
28
# MATURITY AT AGE
0000000.250500.751111111111111111111
# natural mortality
0.249404147000
# movemap
1234
# diffusion coffs
0.10101010101010101010101010.1
0.10101010101010101010.101010.1
0.10101010101010101010.101010.1
0.10101010101010101010.101010.1
# age_pars
00000000000000000000O0O0O0O0O0QOO0O
0.695533437000 0.567700066000 0.421096592000 0.249246335000 0.041606970000 -0.220757290000 -
0.220757290000 -0.220757290000 -0.220757290000 -0.220757290000 -0.171967130000 -0.041774192000
0.061062580000 0.133805664000 0.174460761000 0.182064874000 0.157959023000 0.107378580000
0.040072948000 -0.031368892000 -0.095330229000 -0.144824574000 -0.178525605000 -0.199049425000 -
0.210388972000 -0.216136835000 -0.218830926000 -0.220004603000
000000000000000000000000000O
00000000000000000000O0O0O000OOOO0O
00000000000000000000O0O0O0O0OOOO0O
00000000000000000000O0O0O00O0OOOO0O
00000000000000000000O0O0O0O0OOOO0O
00000000000000000000O0O0O0O0OOQOO0O
00000000000000000000O0O0O0O0OOQOO0O
000000000000000O0O0O0O0O0O0O0O0O0OOQOO0O
# recruitment distribution among regions
0.05 0.06 0.40 0.35 0.05 0.09
# The von Bertalanffy parameters (mean length 1, mean length nage, K)
# Initial value Lower bound  Upper bound

25.0 20.0 40.0
150.0 140.0 200.0
0.15 0.0 0.3

# Weight-length parameters
# FAR Seas values
2.512e-05 2.9396
# Variance parameters (Average SD by age class, SD dependency on mean length)
# Initial value Lower bound  Upper bound

6.0 3.0 15.0
0.40 -1.00 1.00
# The number of mean constraints

0
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