it Eastern Bering Sea

esumagféségﬁ-mgg; e Pollock assessment
= botiom e

1 e
= Nangenel 5, £ B

milfl:m = sea = letwsuectwe s SUWB S
due euhycalchclassesE lalﬂys "
LI ysloyely 5 e

d al ”"3"5n3m|ny = jim,,

. < s smcgcompamd o
v Sl scenario m||||ﬂn =

o BS“maIBSD uo ulat\ mprs

IBSU"S S relalionship similar gmgg

g S

mnem

fjeraeh &3

pouad

bl OOMh

i aundancew«e e salmun s.z:?msy -
hmmassy pafdle=;..

distribution ; ;— fulue

£ 3162w
e""Ucunsmlem | | et "Ja,ﬁgmﬂ k

James lanelli, Taina HonRalehto, Steve Barbeaux and Stan KotwicRi
AlasRkRa Fisheries Science Center
May CIE Review 2016

=
=<}
=

1uatu||maa i

) —
\Uaaa) 3

ammusa

agssad3yS

=
a8
=
a3



Outline

* Broad sRetch of assessment as presented each year
1. Fishery characteristics and data
2. Survey and results and data
3. Model results
4. ABC/OFL approach



Data

The following data were used in the assessment

Source Type Years

Fishery Catch biomass 1964-2015
Fishery Catch age composition 1964-2014
Fishery Japanese trawl CPUE 1965-1976
EBS bottom traw] Area-swept abundance 1982-2015

(numbers) index by age

Population abundance

Acoustic trawl survey (numbers) index by age

Acoustic vessels of Population abundance
opportunity (AVO) (numbers) index

1979, 1982, 1985, 1988, 1991, 1994, 1996,
1997, 1999, 2000, 2002, 2004, 2006-2010,

2012,2014
2006-2015




Catch (t)

Catch by season and area
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Catch numbers by sex (total and A-season)
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Table 1.7.  Numbers of pollock fishery samples measured for lengths and for length-weight by sex and
strata, 1977-2014, as sampled by the NMFS observer program.

Length Frequency samples

A Season B Season SE B Season NW
Year Males Females Males Females Males Females Total
1977 26,411 25,923 4,301 4,511 29,075 31,219 121,440
1978 25,110 31,653 9,829 9,524 46,349 46,072 168,537
1979 59,782 62,512 3,461 3,113 62,298 61,402 252,568
1980 42,726 42,577 3,380 3,464 47,030 49,037 188,214
1981 64,718 57,936 2,401 2,147 53,161 53,570 233,933
1982 74,172 70,073 16,265 14,885 181,606 163,272 520,273
1983 94,118 90,778 16,604 16,826 193,031 174,589 585,946
1984 158,329 161,876 106,654 105,234 243,877 217,362 993,332
1985 119,384 109,230 96,684 97,841 284,850 256,091 964,080
1986 186,505 189,497 135,444 123,413 164,546 131,322 930,727
1987 373,163 399,072 14,170 21,162 24,038 22,117 853,722
1991 160,491 148,236 166,117 150,261 141,085 139,852 906,042
1992 158,405 153,866 163,045 164,227 101,036 102,667 843,244
1993 143,296 133,711 148,299 140,402 27,262 28,522 621,490
1994 139,332 147,204 159,341 153,526 28,015 27,953 655,370
1995 131,287 128,389 179,312 154,520 16,170 16,356 626,032
1996 149,111 140,981 200,482 156,804 18,165 18,348 683,890
1997 124,953 104,115 116,448 107,630 60,192 53,191 566,527
1998 136,605 110,620 208,659 178,012 32,819 40,307 707,019
1999 36,258 32,630 38,840 35,695 16,282 18,339 178,044
2000 64,575 58,162 63,832 41,120 40,868 39,134 307,689
2001 79,333 75,633 54,119 51,268 44,295 45,836 350,483
2002 71,776 69,743 65,432 64,373 37,701 39,322 348,347
2003 74,995 77,612 49,469 53,053 51,799 53,463 360,390
2004 75,426 76,018 63,204 62,005 47,289 44,246 368,188
2005 76,627 69,543 43,205 33,886 68,878 63,088 355,225
2006 72,353 63,108 28,799 22,363 75,180 65,209 327,010
2007 62,827 60,522 32,945 25,518 75,128 69,116 326,054
2008 46,125 51,027 20,493 23,503 61,149 64,598 266,894
2009 46,051 44,080 19,877 18,579 50,451 53,344 232,379
2010 39,495 41,054 19,194 20,591 40,449 41,323 202,106
2011 58,822 62,617 60,254 65,057 51,137 48,084 345971
2012 53,641 57,966 45,044 46,940 50,167 53,224 306,982
2013 52,303 62,336 37,434 44,709 49,484 49,903 296,168
2014 55,954 58,097 46,568 51,950 46,643 46,202 305,414




Fishery
Ages

llock fishery samples used for age determination estimates by sex and Slidtd,

Table 1.8, Numbers of po
1977-2014, as sampled by the NMFS observer program.
Number of samples aged
A Season B Season SE B Season NW
— Males Females  Males Females Males Females Total
1,229 1,344 137 166 I
s 199 268 407 A5 1,613 5,904
; 514 2,188 2,611
99 2647 3088 152 209 1. ’ 10,398
1980 1,854 2,158 03 13 1,464 1,561 9.121
1981 1,819 2 606 675
042 51 5,524
1982 2030 2210 521,620 1,807 ’
1983 ’ 181 176 ’ 7,391
1985 0 1,046 117 3,249 3.420 A
C 99 4 136 127 1,379 9,335
58 s 4 488 4,930
1‘332‘ 420 286 o8 2.034
39 72
1993 444 63
1994 473 386
201 503 1
e w o g 493 | 275 177 2.04]
1997 468 i:g 436 373 131 122 1,896
1999 592 ) 284 433 13] 1.818
2000 540 59 307 311 1 s
201 666 00 5y 307 326 ! 1,721
62 326
2002 598 6 % 77 216 1,794
2003 51 360 723 58 306 232 2.11
2004 583 670 4 4 253 208 116
200 56 644 834 638 2,313
> 0 178 29
2006 611 547 652 886 3 3,100
2007 608 597 599 680 201 205 36
2008 639 599 613 697 260 247 2, N}
2009 49 627 590 489 244 274 951
201 488 49) 586 457 419 2 3,489
! 3,09
2,867
,149
3,048
3,485
2,838
23346
23971
3,427
3,1 65




Fishery age data, EBS pollocR

[Bootstrap distribution of catch-
at-age from NMFS AFSC
observer program

Two-stage re-sampling
stratified by 2 seasons and 2
areas

Samples hauls with replacement

Within those hauls samples lengths
and ages

Calculate total LF
(expanded by strata catches)

Creates sex-stratumspecific ALK
appliedto those LFs

Summed for annual catch-at-age
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Correlation from bootstrapping..
Age
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1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Growth variability

Observed Data

3
0.28
0.40
0.49
0.40
0.38
0.33
0.33
0.36
0.40
0.35
0.33
0.38
0.49
0.40
0.35
0.31
0.34
0.33
0.35
0.38
0.29
0.27
0.29
0.32

a
0.48
0.47
0.61
0.65
0.50
0.44
0.46
0.58
0.50
0.53
0.50
0.51
0.55
0.58
0.51
0.45
0.51
0.52
0.55
0.49
0.51
0.41
0.44
0.46

5
0.61
0.65
0.66
0.73
0.73
0.68
0.55
0.63
0.64
0.63
0.66
0.67
0.65
0.64
0.64
0.60
0.64
0.65
0.69
0.67
0.66
0.64
0.57
0.62

6
0.73
0.71
0.77
0.75
0.84
0.79
0.74
0.62
0.70
0.73
0.79
0.80
0.77
0.76
0.74
0.75
0.78
0.77
0.89
0.92
0.81
0.82
0.78
0&75

7
0.85
0.81
0.93
0.73
0.85
0.95
0.89
0.78

0.78>

0.78
0.96
0.91
0.86
0.89
0.88
0.86
0.96
0.90
1.02
1.11
0.97
0.97
1.12
0.89

8
0.89
0.98
1.05
1.05
0.98
0.95
1.08
1.03
0.89

0.81>

0.99
1.03
0.95
0.93
0.95
0.96
1.10
1.04
1.15
1.26
1.22
1.18
1.28
1.15

9
1.01
1.03
1.20
1.38
1.23

#1102
1.16
1.17
1.03
0.97

06
il
1.08
1.03
1.07
1.06
1.19
1.11
1.41
1.34
1.34
1.31
1.43
1.32

Y

PP

10
1.14
1.20
1.23
1.32
1.31
1.10

1,24
1.25°

1.26
1.01
1.14

=10

1.21

1.18
1.09
1.12
1.27
1.22
1.49
1.60
1.50
1.53
1.70
1.38

11
1.13
1.24
1.41
1.32
1.41
1.40
1.35
1.32
1.26
1.25
1.32
1.28
124
1.13
1.23
1.22
1.31
1.30
1.63
1.61
1.57
1.61
1.85
1.68

12
1.25
1.28
1.54
1.39
1.46
1.49
1.47
1.42
1.40

128

1.45
1.45
1.20

1.28
1.24
1.47
1.41
1.64
1.85
1.62
1.65
1.82
1.80

13 14
1.23 1.30
1.21 1.37
1.65 1.67
1.39 1.30
1.40 1.12
1.51 1.73
1.63 1.40
1.44 1.54
1.01 0.56
1.11 1.21

1;& 1.48
1.59 1.33

1.38 1.27
1.33 1.28
1.26 1.07
1.30 1.39
1.44 1.73
1.49 1.50
1.82 2.18
1.94 2.06
2.12 1.74
1.73 2.03
1.94 2.12
1.75 1.68

15
1.24
1.45
1.56
1.35
1.34
1.52
1.35
1.55
1.24
1.46
1.46
1.63
1.70
1.22
1.40
1.42
1.51
1.50
2.30
2.21
2.26
2.12
2.09
2.21



Growth variability

Model Estimates

COhort— and 3 4 5 6 7 8 9 10 11 12 13 14 15
1991 0.35 046 0.60 0.72 0.84 0.89 1.02 1.12 1.13 1.17 1.25 1.35 1.26

1992 040 048 059 073 0.85 0.97 1.03 1.15 1.22 1.23 1.25 1.35 1.41
1993, 046 061 0.68 081 095 1.09 1.25 129 139 1.48 147 151 1.58
ye a r e Ffe C t S . 1994 040 059 0.73 078 088 1.03 1.18 1.33 132 143 149 150 1.49
1995 0.35 051 072 085 0.86 0.97 1.13 1.26 1.37 1.36 1.45 1.53 1.49
1996 0.38 046 0.62 0.82 094 0.94 106 120 130 1.41 1.38 1.49 1.52
1997 040 049 0.55 072 092 1.03 1.03 1.14 125 136 1.44 143 1.49
1998 0.38 051 0.59 064 080 1.01 1.13 1.11 1.17 1.29 1.37 1.48 1.42
1999 039 051 0.64 071 073 0.90 1.13 1.25 1.17 1.25 1.35 1.45 1.52
2000 0.38 051 062 075 079 0.81 1.00 1.23 1.30 1.23 1.29 1.41 1.47
2001 040 0.53 0.67 079 0.91 095 097 1.17 139 148 136 1.44 1.53
2002 042 0.53 0.66 080 0.89 1.02 1.06 1.06 1.23 1.47 153 144 1.47
2003 044 0.55 066 079 0.91 1.01 1.15 1.17 1.13 1.32 1.53 1.62 1.47
2004 040 0.56 0.66 076 0.86 098 1.09 1.21 1.19 1.16 1.32 1.56 1.59
2005 0.36 049 066 073 081 091 1.04 1.12 120 1.19 1.13 1.31 1.49
2006 0.35 0.47 0.60 077 0.82 0.89 1.00 1.12 1.16 1.26 1.22 1.17 1.31
2007 037 0.52 064 079 0.96 1.02 1.11 1.22 131 1.37 145 142 1.32
2008 0.34 0.49 0.64 077 0.90 1.09 1.15 1.22 130 1.40 1.44 154 1.46
2009 038 0.53 0.70 089 1.01 1.18 143 147 151 161 170 1.76 1.83
2010 033 0.50 0.66 0.84 1.01 1.14 133 157 156 161 1.67 1.79 1.80
2011 030 0.47 0.65 082 1.00 1.20 1.35 154 175 1.75 1.76 1.86 1.93
2012 030 041 059 080 0.96 1.16 1.39 152 167 191 1.87 191 1.95
2013 031 0.44 0.57 078 1.00 1.19 144 168 178 1.97 220 218 2.16
2014 033 0.45 0.60 074 0.97 1.23 147 173 194 207 223 253 243
2015 036 0.35 0.44 057 0.67 0.87 1.11 1.28 146 165 1.72 1.88 2.06
2016 0.36 0.49 0.44 053 0.66 0.76 099 1.23 137 157 173 1.83 194
2017 036 0.49 061 053 061 074 086 1.10 131 147 165 1.85 1.89



Why do we care?

ABC specifications require estimates of
and the of the estimate...

What affects productivity estimates?
— StocR-recruit relationship

— Fishery selectivity
— Natural mortality
— Body mass-at-age




Impact on biomass estimate

Assumed
Fixed at
YLong-term
[ \. mean

Cohort-effect
and estimation

uncertainty

3 : : :

Biomass (thousands of tons)

15000



Mean weight-at-age
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g;y Value for each "year” effect, 1991-2017 (27 years)



Growth variability

Observed Data

3 4 5 6 7 8 9 10 11 12 13 14 15
1991 0.28 0.48 0.61 0.73 0.8 0.8 1.01 1.14 1.13 1.25 1.23 1.30 1.24
1992 040 0.47 0.65 071 0.81 0.98 1.03 1.20 1.24 1.28 1.21 1.37 1.45
1993, 0.49 0.61 0.66 0.77 0.93 1.05 1.20 1.23 1.41 154 1.65 1.67 1.56
1994 0.40 065 0.73 0.75 0.73 1.05/ 1.38 1.32 1.32 139 1.39 1.30 1.35
1995 0.38 0.50, 0.73 0.84 0.8 098 1.23 1.31 141 146 140 1.12 1.34
1996 0.33 0.44 0.68 0.79 095 0.95 1.02 1.10 140 149 151 1.73 1.52
1997 0.33 0.46 0.55 0.74 0.89 1.08 1.10 1.24 135 147 1.63 1.40 1.35
1998 0.36 0.58 0.63 0.62 0.78 1.03 1.17 1.25 1.32 142 1.44 1.54 1.55
1999 040 050 0.64 0.70 0.73 0.89 1.03 1.26 1.26 140 1.01 0.56 1.24
2000 0.35 053 063 0.73 0.78 081 0.97 1.01 1.25 1.29 1.11 1.21 1.46
2001 0.33 050 0.66 0.79 096 0.99 1.06 1.14 1.32 1.45 1.56 1.48 1.46
2002 0.38 051 067 080 091 1.03 1.11 1.10 1.28 1.45 1.59 133 1.63
2003, 049 055 065 0.77 086 095 1.08 1.21 1.21 1.20 1.38 1.27 1.70
2004 040 058 064 076 089 093 103 1.18 1.13 1.17 1.33 1.28 1.22
2005 0.35 051 064 0.74 088 095 1.07 1.09 1.23 1.28 1.26 1.07 1.40
2006 0.31 045 060 0.75 0.8 096 1.06 1.12 1.22 1.24 1.30 139 1.42
2007 0.34 051 064 0.78 0.9 1.10 1.19 1.27 131 1.47 144 173 1.51
2008 0.33 052 0.65 0.7/ 0.0 1.04 1.11 1.22 130 1.41 149 1.50 1.50
2009 0.35 055 069 0.8 1.02 1.15 1.41 149 163 1.64 1.82 218 2.30
2010 0.38 049 0.67 092 1.11 126 134 160 1.61 1.85 194 2.06 221
2011 0.29 0.51 0.66 0.81 0.97 1.22 1.34 150 157 1.62 212 174 2.26
2012 0.27 041 0.64 082 0.9/ 1.18 131 153 1.61 1.65 1.73 2.03 212
2013 0.29 0.44 0.57 0.78] 1.12 128 143 1.70 1.85 1.82 1.94 212 2.09
2014 0.32 046 0.62 075 0.89 1.15 1.32 1.38 1.68 1.80 1.75 1.68 221
2015
2016
2017



Growth variability

Model Estimates

COhort— and 3 4 5 6 7 8 9 10 11 12 13 14 15
1991 0.35 046 0.60 0.72 0.84 0.89 1.02 1.12 1.13 1.17 1.25 1.35 1.26

1992 040 048 059 073 0.85 0.97 1.03 1.15 1.22 1.23 1.25 1.35 1.41
1993, 046 061 0.68 081 095 1.09 1.25 129 139 1.48 147 151 1.58
ye a r e Ffe C t S . 1994 040 059 0.73 078 088 1.03 1.18 1.33 132 143 149 150 1.49
1995 0.35 051 072 085 0.86 0.97 1.13 1.26 1.37 1.36 1.45 1.53 1.49
1996 0.38 046 0.62 0.82 094 0.94 106 120 130 1.41 1.38 1.49 1.52
1997 040 049 0.55 072 092 1.03 1.03 1.14 125 136 1.44 143 1.49
1998 0.38 051 0.59 064 080 1.01 1.13 1.11 1.17 1.29 1.37 1.48 1.42
1999 039 051 0.64 071 073 0.90 1.13 1.25 1.17 1.25 1.35 1.45 1.52
2000 0.38 051 062 075 079 0.81 1.00 1.23 1.30 1.23 1.29 1.41 1.47
2001 040 0.53 0.67 079 0.91 095 097 1.17 139 148 136 1.44 1.53
2002 042 0.53 0.66 080 0.89 1.02 1.06 1.06 1.23 1.47 153 144 1.47
2003 044 0.55 066 079 0.91 1.01 1.15 1.17 1.13 1.32 1.53 1.62 1.47
2004 040 0.56 0.66 076 0.86 098 1.09 1.21 1.19 1.16 1.32 1.56 1.59
2005 0.36 049 066 073 081 091 1.04 1.12 120 1.19 1.13 1.31 1.49
2006 0.35 0.47 0.60 077 0.82 0.89 1.00 1.12 1.16 1.26 1.22 1.17 1.31
2007 037 0.52 064 079 0.96 1.02 1.11 1.22 131 1.37 145 142 1.32
2008 0.34 0.49 0.64 077 0.90 1.09 1.15 1.22 130 1.40 1.44 154 1.46
2009 038 0.53 0.70 089 1.01 1.18 143 147 151 161 170 1.76 1.83
2010 033 0.50 0.66 0.84 1.01 1.14 133 157 156 161 1.67 1.79 1.80
2011 030 0.47 0.65 082 1.00 1.20 1.35 154 175 1.75 1.76 1.86 1.93
2012 030 041 059 080 0.96 1.16 1.39 152 167 191 1.87 191 1.95
2013 031 0.44 0.57 078 1.00 1.19 144 168 178 1.97 220 218 2.16
2014 033 0.45 0.60 074 0.97 1.23 147 173 194 207 223 253 243
2015 036 0.35 0.44 057 0.67 0.87 1.11 1.28 146 165 1.72 1.88 2.06
2016 0.36 0.49 0.44 053 0.66 0.76 099 1.23 137 157 173 1.83 194
2017 036 0.49 061 053 061 074 086 1.10 131 147 165 1.85 1.89



Estimating
fishery
wt-at-age
variability

Procedure:

Use separate code for

a random effects model to
estimate process error terms
(cohortand year effects)

Use those variances as

for penalty terms in full
assessment model

Values same and variances
reasonable

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

1991
1992
1993
1994/
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

3
0.28
0.40
0.49
0.40
0.38
0.33
0.33
0.36
0.40
0.35
0.33
0.38
0.49
0.40
0.35
0.31
0.34
0.33
0.35
0.38
0.29
0.27
0.29
0.32

2%
1%
1%
3%
2%
2%
3%
2%
0%
1%
2%
1%
1%
2%
2%
1%
1%
1%
1%
2%
1%
1%
1%
2%
?

?

?

4
0.48
0.47
0.61
0.65
0.50
0.44
0.46
0.58
0.50
0.53
0.50
0.51
0.55
0.58
0.51
0.45
0.51
0.52
0.55
0.49
0.51
0.41
0.44
0.46

2%
2%
0%
1%
2%
4%
1%
3%
1%
1%
1%
1%
1%
1%
1%
1%
1%
1%
1%
0%
1%
0%
0%
1%
?
?
?

5
0.61
0.65
0.66
0.73
0.73
0.68
0.55
0.63
0.64
0.63
0.66
0.67
0.65
0.64
0.64
0.60
0.64
0.65
0.69
0.67
0.66
0.64
0.57
0.62

2%
3%
2%
1%
1%
2%
1%
2%
1%
1%
1%
1%
1%
1%
0%
1%
1%
1%
3%
1%
0%
1%
0%
1%
?
?
?

6
0.73
0.71
0.77
0.75
0.84
0.79
0.74
0.62
0.70
0.73
0.79
0.80
0.77
0.76
0.74
0.75
0.78
0.77
0.89
0.92
0.81
0.82
0.78
0.75

?
?
?

CVs of

6
2%
2%
3%
2%
1%
1%
1%
1%
1%
2%
1%
1%
1%
2%
1%
1%
1%
1%
2%
3%
1%
1%
2%
1%
?
?
?

Observed Data

7
0.85
0.81
0.93
0.73
0.85
0.95
0.89
0.78
0.73
0.78
0.96
0.91
0.86
0.89
0.88
0.86
0.96
0.90
1.02
111
0.97
0.97
112
0.89
?
?
?

7
1%
2%
3%
5%
2%
1%
2%
2%
1%
1%
3%
1%
1%
2%
2%
1%
1%
1%
2%
3%
3%
2%
3%
2%
?
?
?

8
0.89
0.98
1.05
1.05
0.98
0.95
1.08
1.03
0.89
0.81
0.99
1.03
0.95
0.93
0.95
0.96
1.10
1.04
1.15
1.26
1.22
118
1.28
1.15
?
?
?

Observed

8
4%
2%
4%

13%
4%
2%
2%
3%
2%
1%
3%
3%
2%
2%
3%
3%
2%
2%
3%
4%
4%
5%
4%
3%
?
?
?

9
1.01
1.03
1.20
1.38
1.23
1.02
1.10
1.17
1.03
0.97
1.06
1.11
1.08
1.03
1.07
1.06
1.19
1.11
1.41
1.34
1.34
1.31
1.43
1.32
?
?
?

9
2%
4%
3%
7%
7%
4%
4%
2%
3%
3%
2%
3%
1%
3%
3%
4%
1%
3%
4%
4%
5%
8%
8%
6%
?
?
?

10
1.14
1.20
1.23
1.32
1.31
1.10
1.24
1.25
1.26
1.01
1.14
1.10
1.21
1.18
1.09
1.12
1.27
1.22
1.49
1.60
1.50
1.53
1.70
1.38
?
?
?

10
7%
3%
5%
7%
8%
6%
8%
6%
5%
6%
5%
3%
6%
8%
5%
4%
5%
6%
6%
5%
5%

11%
9%

14%
?
?
?

11
1.13
1.24
1.41
1.32
1.41
1.40
1.35
1.32
1.26
1.25
1.32
1.28
1.21
1.13
1.23
1.22
1.31
1.30
1.63
1.61
1.57
1.61
1.85
1.68
?
?
?

12
1.25
1.28
1.54
1.39
1.46
1.49
1.47
1.42
1.40
1.29
1.45
1.45
1.20
1.17
1.28
1.24
1.47
1.41
1.64
1.85
1.62
1.65
1.82
1.80
?
?
?

Data

11
3%
4%
6%
6%
7%

18%
14%
11%
15%
6%
7%
6%
5%
6%
8%
9%
7%
7%
10%
7%
6%
9%
10%
16%

12
7%
5%

10%
7%
14%
11%
14%
13%
27%
13%
9%
7%
7%
6%
8%
14%
13%
7%
12%
10%
9%
10%
12%
19%
?
?
?

13
1.23
1.21
1.65
1.39
1.40
1.51
1.63
1.44
1.01
1.11
1.56
1.59
1.38
1.33
1.26
1.30
1.44
1.49
1.82
1.94
2.12
1.73
1.94
1.75

13
4%
14%
11%
8%
8%
9%
23%
18%
43%
52%
13%
11%
14%
14%
25%
12%
14%
8%
9%
15%
29%
13%
13%
16%
?
?
?

14
1.30
1.37
1.67
1.30
1.12
173
1.40
1.54
0.56
1.21
1.48
133
1.27
1.28
1.07
1.39
173
1.50
2.18
2.06
1.74
2.03
2.12
1.68

14
7%
8%
16%
15%
53%
12%

9%
24%
57%
76%
14%
34%
36%
18%
37%
19%
12%
22%
30%
13%
16%
21%
18%
22%

?

?

?

15
1.24
1.45
1.56
1.35
1.34
1.52
1.35
1.55
1.24
1.46
1.46
1.63
1.70
1.22
1.40
1.42
1.51
1.50
2.30
2.21
2.26
2.12
2.09
2.21

15
5%
9%

12%
8%
9%

13%
9%

22%

27%

70%

47%

35%

22%

11%

28%

11%

10%
8%

16%

11%

21%

45%

16%

17%
?

?
?

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

1.609
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

3
0.35
0.40
0.46
0.40
0.35
0.38
0.40
0.38
0.39
0.38
0.40
0.42
0.44
0.40
0.36
0.35
0.37
0.34
0.38
0.33
0.30
0.30
0.31
0.33
0.36
0.36
0.36

Residuals &

3
=237
-1.1
3.4
0.0
1.1
=2
-2.4
-0.9
2.7
=2
-5.2
-2.3
8.4
0.4
-0.4
-3.5
-2.5
-1.2
=337
1.9
-2.6
-4.0
-2.1
-0.8

4
0.46
0.48
0.61
0.59
0.51
0.46
0.49
0.51
0.51
0.51
0.53
0.53
0.55
0.56
0.49
0.47
0.52
0.49
0.53
0.50
0.47
0.41
0.44
0.45
0.35
0.49
0.49

4
0.8
-0.1
0.0
4.7
-0.8
-0.4
-2.2
2.4
-0.7
2.8
-2.3
-2.8
-0.2
8IS
2.5
5229
-1.0
2.9
1.5
-3.5
3.3
-1.5
-0.5
1.0

5
0.60
0.59
0.68
0.73
0.72
0.62
0.55
0.59
0.64
0.62
0.67
0.66
0.66
0.66
0.66
0.60
0.64
0.64
0.70
0.66
0.65
0.59
0.57
0.60
0.44
0.44
0.61

5
0.7
1.7

-1.1
-0.7
1.1
2.6
-0.2
1.7
-0.1
1.0
-1.2
0.7
-1.4
-2.3
-3.9
0.7
0.1
0.8
-0.6
0.9
2.0
B
-0.6
22l

6
0.72
0.73
0.81
0.78
0.85
0.82
0.72
0.64
0.71
0.75
0.79
0.80
0.79
0.76
0.73
0.77
0.79
0.77
0.89
0.84
0.82
0.80
0.78
0.74
0.57
0.53
0.53

6
0.3
-0.6
-1.0
-1.4
-0.5
-2.4
1.4
-2.7
-0.5
-1.2
0.0
-0.2
-1.6
0.5
0.7
-1.4
-1.2
1.1
0.1
2.4
-1.5
3.2
0.2
310

Model Estimates

7
0.84
0.85
0.95
0.88
0.86
0.94
0.92
0.80
0.73
0.79
0.91
0.89
0.91
0.86
0.81
0.82
0.96
0.90
1.01
1.01
1.00
0.96
1.00
0.97
0.67
0.66
0.61

7
0.5
-1.4
-0.5
=2.9
-0.3
0.9
-1.8
1.1
-0.4
-1.0
2.0
1.4
-4.1
1.7
4.3
2.9
-0.4
-0.3
0.4
3.3
-1.0
0.7
4.5
-4.8

8
0.89
0.97
1.09
1.03
0.97
0.94
1.03
1.01
0.90
0.81
0.95
1.02
1.01
0.98
0.91
0.89
1.02
1.09
1.18
114
1.20
1.16
1.19
1,23
0.87
0.76
0.74

8
0.0
0.5
-1.0
0.2
0.2
0.5
2.1
0.9
-0.4
-0.6
1.6
0.3
-2.6
-3.2
1.5
25
25
-2.8
-0.9
3.0
0.5
0.3
2.4
-2.7

9
1.02
1.03
1.25
1.18
1.13
1.06
1.03
1.13
1.13
1.00
0.97
1.06
1.15
1.09
1.04
1.00
1.11
1.15
1.43
1.33
1.35
1.39
1.44
1.47
1.11
0.99
0.86

9
-0.7
0.1
1.8
2.7
15
-0.8
1.7
1.5
3.1
11
4.4
1.4
-1.8
1.7
1.0
1.5
2.0
-1.8
-0.4
0.3
-0.2
-0.9
-0.2
-2.7

10
1.12
1.15
1.29
1.33
1.26
1.20
1.14
1.11
1.25
1.23
1.17
1.06
1.17
1.21
1.12
1.12
1.22
1.22
1.47
1.57
1.54
1.52
1.68
1.73
1.28
1.23
1.10

10
0.2
15

=il.3)
-0.1
0.6
=il.7/
1.4
2.6
0.2
-3.8
-0.7
13
0.7
-0.5
-0.8
-0.1
1.0
0.0
0.3
0.5
-0.7
0.0
0.1
-2.5

11
1.13
1.22
1.39
1.32
1.37
1.30
1.25
1.17
1.17
1.30
1.39
1.23
1.13
1.19
1.20
1.16
1.31
1.30
1.51
1.56
1.75
1.67
1.78
1.94
1.46
1.37
1.31

11
0.0
0.5
0.3
0.1
0.6
0.6
0.8
il,8
0.6
-0.9
-1.0
0.8
1,5
-1.0
0.3
0.7
0.1
0.1
1.2
0.7
-2.7
-0.6
0.6
-1.6

12
1.17
1.23
1.48
1.43
1.36
1.41
1.36
1.29
1.25
1.23
1.48
1.47
1.32
1.16
1.19
1.26
1.37
1.40
1.61
1.61
1.75
1.91
1.97
2.07
1.65
1.57
1.47

12
1.1
0.9
0.6
-0.7
0.7
0.7
0.8
1.0
0.5
0.4
-0.3
-0.3
-1.7
0.2
1.2
-0.1
0.8
0.1
0.3
25
-1.4
-2.6
-1.1
-1.4

13
1.25
1.25
1.47
1.49
1.45
1.38
1.44
1.37
1.35
1.29
1.36
1.53
1.53
1.32
1.13
1.22
1.45
1.44
1.70
1.67
1.76
1.87
2.20
2.23
1.72
1.73
1.65

13
-0.3
-0.3
1.6
=1.3
-0.6
1.4
0.8
0.4
-0.8
-0.3
15
0.6
-1.0
0.1
0.5
0.7
-0.1
0.7
1.4
1.8
13
-1.1
-1.9
-3.0

14
1.35
155
1.51
1.50
1553
1.49
1.43
1.48
1.45
1.41
1.44
1.44
1.62
1.56
1.31
1.17
1.42
1.54
1.76
1.79
1.86
1.91
2.18
2.53
1.88
1.83
1.85

CVs of projected estimates

14
-0.7
0.2
1.0
-1.3
-0.8
2.0
-0.3
0.2
-1.6
-0.3
0.3
-0.3
-1.0
-1.6
-0.6
1.2
2.6
-0.2
1.4
2.0
-0.8
0.6
-0.3
-3.9

15
1.26
1.41
1.58
1.49
1.49
1.52
1.49
1.42
1.52
1.47
1.53
1.47
1.47
1.59
1.49
1.31
1.32
1.46
1.83
1.80
1.93
1.95
2.16
2.43
2.06
1.94
1.89

15
-0.4
0.4
-0.2
-1.7
-1.7
0.0
-1.5
0.6
-1.0
0.0
-0.1
0.4
1.0
-3.3
-0.3
adl
2.0
0.4
3.0
3.5
1.6
0.4
-0.4
=il.8

2015
2016
2017

19%
19%
19%

12%
19%
19%

11%
12%
19%

11%
11%
12%

11%
11%
11%

11%
11%
11%

11%
11%
11%

11%
11%
11%

11%
11%
11%

11%
11%
11%

11%
11%
11%

11%
11%
11%

11%
11%
11%



E. Bering Sea Pollock
Survey data

Types:

. Bottom trawl
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3. Opportunistic acoustic data collectio

Collected onboard chartered bottom-trawl survey




[Bottom-trawl survey




Survey biomass estimate
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[PollocR survey biomass trend
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2013 pollocRk survey—4.6 million t
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2014 pollocR survey—7.4 million t




2015 pollocR survey—6.4 million t
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Bottom trawl survey
numbers-at-age
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Relative abundance
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Bottom-trawl survey
+ Acouslic Index
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Mid-water acoustic surveys...
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Opportunistic Acouslic
survey index

—S— AVO backscatter
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Model results



Sequential add of new data

Model evaluation

A sequence of models were developed that evaluated sensitivities to new data which included updating
the catch biomass for 2014 and estimated levels for 2015 along with the 2014 fishery mean weights-at-

age. As in past years, a set of models showing the impact of new data was constructed, this year with a
summary of the impact of these changes on the relative spawning biomass (last column):

Model
0.0

0.1
0.2
0.3
0.4
0.5
0.6
0.7

2014 assessment

With updated catch and extended to 2015

As 0.1 but with updated AT Age data

As 0.2 but with 2014 fishery age

As 0.3 but with standard BTS data added

As 0.3 but with corrected BTS index data added
As 0.4 but with AVO data added

As 0.5 but with AVO data added

2015 catch

)X ) X X X X
T o T B B
)X X} X X
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Spawning biomass in thousands of tons

Effect of new data for 2015
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Retrospective patterns (Rt)
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5 model estimates of year class
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2015 StocRk recruitment
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2015 StocRk recruitment
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2015 Stock recruitment

Age 1 Recruitment (millions)
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Age 1 Recruitment (millions)
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Tier 1 ABC calculation

Step 1I: Estimate the stocRk productivity

o Function of stocR-recruitment curve, maturity, growth, mortality
o Done within integrated model

Step 2: Estimate F,,;, and uncertainty of F,,
o Requires mean selectivity, wt-at-age in fishery

Step 3: Compute biomass and corresponding harvest rate
o Selected “fishable biomass” to provide smoother transition



The arithmatic

ABC = UBA
u = harmonic mean harvestrate
B = Median biomass (fishable)
A = adjustment factor

(if Tier1b; i.e,, below B,,;)



Why ABC projections can change

Biological and estimation effects

— Changes in mean body mass-at-age
— Changes in selectivity-at-age patterns

— Changes in estimated numbers-at-age

Harvest control rule

— Variable rate to promote rebuilding

 Downside is higher variability in quotas as stock drops
below Bmsy



[’rojecting ABC (Tier 1)

What is the "best” estimate of selectivity?

What is the impact of using uncertainty in fishery mean
weights at age?



Frsy = arlthrpetlc mean F .,
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Tier 1 based on decision theoretic riskR aversion

e Criteria
— StocR-recruitment relationship affects catch
limits
of F sy €stimate must be “reliable”

— Given that uncertainty, formally riskR-averse
approach is to apply harmonic mean of F,,

* Thompson 1996

e Advice on how to determine “reliable”
unclear



PDF of F

msy -
Foragivenyearand B > B,
ABC=B,_,1,,,

uAHM f(Fmsy90 )




Setting catch limits...

FacL ABC Buffer

F-realized
F ABC (due to cap)

Fishing mortality rate

< ¢+ Relative spawning biomass




[’rojecting ABC (Tier 1)
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Projection

impact

[’rojecting ABC (Tier 1)

Projection

Condition

Fishery weight-at-age
uncertainty (no or yes)

Number of recent years to
estimate selectivity

Nyrs to avag:



[’rojecting ABC (Tier 1)
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EBS pollock demographic patterns

. Bottom-trawl older fish than Acoustic survey

<“o=Bottom trawl survey

<d-Population average

£+ Midwater acoustic survey



Implications of catching younger pollocR
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What fraction of the catch was immature?

40% Proportion of catch that is immature
1964-2015
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Bering sea flatfish

B Catch  ====TA(C == ABC ="Acceptable
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As estimated or
recommended this year for:

Quantity 2016 2017
M (natural mortality rate, ages 3+) 0.3 0.3
Tier la la
Projected total (age 3+) biomass (t) 11,300,000t 11,000,000 t
Projected female spawning biomass (t) 3,540,000 t 3,500,000 t
B WA TSI R TS T T T
o BUT ek 048,000 1048.0001¢ | 1,984,000 1,984,000 |
Forr 0.514 0.514
maxkF  zc 0.401 0.401
Fsc 0.27 0.26
OFL(t) ....................................................................................................................................................... XTI K 0T
maxABC (1) 3,050,000 t 2,760,000 t
ABC (t) 2,090,000 t 2,019,000 t
As determined this year for:
Status 2014 2015
Overfishing No n/a
Overfished n/a No
Approaching overfished n/a No




Climate & age-0 pollocRk condition

Energy density (kJ/g)
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Courtesy: Heintz



Diagnoses on retrospecltive patterns

* How much do selectivity estimates change given
smoothness specification?
— Qualitative for now
— ARIN to cross-validation
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Selectivity estimation for ABC

Requires some sort of projection
Typically recent mean value

Could this be an issue when strong cohorts are targeted?

Alternative yet-to-be-fully-tested method:
Including cohort effects on selectivity



