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Executive Summary

Summary of Changes in Assessment Inputs
Rel ative to | ast yeard6s assessment, the following

Changes in the input data

1. Federal and state catch data20d6were updated and preliminary fedeand state catch data for
2017were included

2. Commercial federal and state fishery size composition daZdfwere updated, and preliminary

commercial fedetaand state fishery size composition dia2017 were included

AFSC bottom trawl survey abundance index and length composition data for 2017 were included;

AFSClongline survey Pacific cod abundance index and length composition data for théoGGOA

2017were included,;

5. An alternative method fagstimatindfishery catckat-lengthdata was explorefbr data postL990;

6. Length composition datiiom ADF&G port sampling program were used to augment pot fishery
catch composition datehere observer data wemgssing

Bow

Changes in the methodology

Last yeaModel 1708.25wasaccepteddr management advice and herpiiesented with ne017 survey

and fishery datd-our additionalmodek are presented based on presentations made in September 2017 (see
appendix)yDet ai |l s of differences are shown in the secti
specificationof the prior distribution for natural mortality asdrvey catchability, anslight modifications

how periods for constant selectivity were spedifie

All proposed models presented were single sexbaged models with lengthased selectivity. The models

have data from three fisheries (longline, pot, and combined trawl fisheries) with a single season and two
survey indices (post990 GOA bottom trawsurvey and the Auke Bay Longline survey indices). Length
composition data were available for all three fisheries and both indices. Growth was parameterized using
the standard three parameter von Bertalanffy growth curve. Recruitment was parameterigtachderc
Bevertonholt with steepness fixed at 1.0 and sigma R at 0.44. All selectivities were fit using six parameter
doublenormal selectivity curves.

Model 17.08.25 continued tqperformwe | |  and i s most consistent with |

Summary of Results

The addition of the new method for estimating the fishery eattdngths and applying ADF&G port
sampling data in the pot fishery made only a small difference in model results and was an improvement of



how estimates were derivaddodel 17.0935 provided the best fit to the data represents a balance
between acknowledging a mortality event (wdttchanging in 2012016) and overfitting survey data.
Also, this model performed well in retrospective analyses. fEgismmended model configuratidiifers
from the 2016 Model in allowing natural mortalitydbangefor 2015 and 201t also adds a feature that

allowsthe catchability in theAFSC longline RPN index to be conditioned on water temperature.

Based on projections with this model, a redutif the ABC below maximum permissibdBC to

18,000t in 2018 and 17,000 t in 20%9roposed because doing so increases the estimated probability (to

roughly 50%) thathe stockwill be abovethe 20% of unfishetbr 2019 and 2020. Results are

summarizd below:

As estimated ospecifiedast | As estimated ospecifiedcthis
year for: year for:
Quantity 2017 2018 2018 *2019
M (natural mortality rate) 0.47 0.47 0.49 0.49
Tier 3a 3a 3b 3b
Projected total (age Objomass (t) 426,384 428,885 170,565 198942
Female spawning biomass (t)
Projected 91,198 98,479 36,209 34,424
B1oo% 196,776 196,776 168,583 168,583
Baow 78,711 78,711 67,433 67,433
Bssos 68,872 68,872 59,004 59,004
ForL 0.652 0.652 042 040
maxFasc 0.530 0.530 0.34 0.32
Fasc 0.530 0.530 031 031
OFL () 105,378 94,188 23565 21,412
maxABC (t) 88,342 79,272 19,401 17634
ABC (t) 88,342 79,272 **18,000 **17,000
Status As determinedhis year for:
2015 2016 2016 2017
Overfishing no n/a No n/a
Overfisted n/a no n/a No
Approaching overfished n/a no n/a No

* All 2019 values based on 2018 catch of 18,000 t.

** Reduction from max to8000t and 17,000 to maintain stock abovB.osin 2019 and 2020 based on

estimated end of year catch in 20148040t.

Area apportionment

In 2012 the ABC for GOA Pacific cod was apportioned among regulatory areas using a Kalman filter
approach based on trawl survey biomass estimhiethe 2013 assessment, the random effects model
(which is similar to the Kalman filteapproach, and was recommended in the Survey Average working
group report which was presented to the Plan Team in September 2013) was used; this method was used



for the ABC apportionment for 201Fhe SSC concurred with this method in December 20%hgthis
method with the trawl suryebiomass estimates throughil17, the areaapportioned ABCs are:

Western  Central Eastern Total
Random effects area apportionme 44.%% 45.1% 10.0% 100%
2018 ABC 8,082 8118 1,800 18,000
2019 ABC 7,633 7,667 1,700 17,000

Responses to SSC and Plan Team Comments Specific to this Assessment

November 2016 Plan Team

The Team recommends that the author examine and incorporate where possible relevant data from the
IPHC and ADFG surveys. Specific to the ADFG survey, the Teanmm@emded coordinating with

planned studies for alternative evaluation of these data to develop a refined index for pollock.

ADFG wererevamping their database and survey data were not availablemigtiOctober

2017. This was too late formallyincorporat e t hese dat a i nSimilatyhi s yea
the IPHC surveyime seriewas not obtained until mi@ctober, again too late to formally add

the data to the assessment model and have it vetted properly. Both these surveys were examined

and will bedescribed in this assessment. The IPHC survey matches the bottom trawl survey index

and is particularly close for 2008016.

The Team recommends that fishery otoliths be aged to support this stock assessment and this should
include resolving past data wehi may have been subjected to biaseddmgermination methods. In
particular, the Team recommends that the otoliths used in the Stark 2007 radtagitystudy be re
evaluated for potential bias in the adgtermination method used

The Stark (2007)otolt hs wer e mar ked as fcritical o in the
read due to the volume of requested otoliths.
this year and also were not read. Both these collections have now been upgradeédto t i cal . 0

The 2015 and 2016 fishery otoliths have been read, but were not completed wettidhdveek
of October, too late to be incorporated into this assessrientever they will be described.

December2017 SSC

The SSC noted that the estimatetwae f or M i n the aut hor dpriorpithef er r e d
a mean of 0.38 and a CV of 0.1. A number of studies were referenced suggestingo kbt is

potentially broader than implied by the current priot.tAtee Pacific cod assessm&could benefit from

a consistent formal prior on M based on theety of studies referencedéach. The SSC recommends

that a prior for use in all Pacifiod assessments be developedfiit7 and explored for use in the GOA

Pacific model.

Models wee explored this year using a prior for M developed by Grant Thompson for the EBS
cod stock (see Thompson et al. 2017), lognormal with a me@rBafand cv of 02

The SSC recommends that ageing additional fishery otoliths for $issament be a prity, notingthat
the AFSC has an ongoing ageipgoritization analysis whicimay guide their future effortend the
author has recommended working with the age and growth lab on this projeg tihésdines, ages
underlying the study defining curremiaturity schedule€Stark, 2007) should be-sged,and the data re
analyzed in light of recent information regardamgeing bias (i.e., Kastelle &, 2017).

The Stark (2007) otoliths were marked as #Acrit
read due to the volume of requested otoliths.
this year and al so were not read. Both these ¢



The 2015 and 2016 fishery otoliths have been read, but wesmmpleted until the second week
of October, too late to be incorporated into this assessment. Howlesgwill be described.

Aging bias should be explicitly included in the next assessment.

Aging error was explored in several model configuratidriere appears to be performance
issueswvhen implementetthat needs additional work before a model with aging error should be
acceptedor managementAging error was not included in the suite of models presented this
year, but is marked as a high priority negear. The authors are currently working with the Age
and Growth program at the AFSC to develop aging error and aging bias alternatives for the
stock synthesis model.



|l ntroducti on

Pacific cod(Gadus macrocephalyss a transoceanic species, occurringepths from shoreline to 500

m. The southern Iimit of the speciesd distributio
63° N latitude. Pacific cod is distributed widely over Gulf of Alaska (GOA), as well as the eastern Bering

Sea (EBS) ad the Aleutian Islands (Al) area. Tagging studies (e.g., Shimada and Kimura 1994) have
demonstrated significant migration both within and between the EBS, Al, and GOA. Recent research

indicates the existence of discrete stocks in the EBS and Al (Carah@®605, Cunningham et al. 2009,

Canino et al. 2010, Spies 2012). Pacific cod is not known to exhibit any special life history characteristics

that would require it to be assessed or managed differently from other groundfish stocks in taedsOA

the Padic cod stock in the GOA is managedasinglestock.

Review of Life History

The Aleut word for Pacificcogitxidax | i t eral ly transl|l atead20019. At he f i
Recoveries from archeological middens on Sanak Island in the WesD&rshow a long history (at least

4500 years) of exploitation. Over this perjitite archeological record reveals fluctuations in Pacific cod

size distribution which Bettst al.(2011) tie to changes in abundance due to climate variability (Fig. 2.1).

Over this long period colder climate conditions appear to have consistently led to higher abundance with

more small/young cod in the population and warmer conditions to lower abundance with fewer

small/young cod in the population.

In the Gulf of Alaska, adtiPacific cod exhibited an annual cycle of condition, gonad index and liver index

in which maximum values occur in ripe fish in March and minima in July. Abal8B% of prespawning

stored energy is expended during spawning. The energy associatedawittingpderived from liver (24%

and 18%), somatic tissue (22% and 33%) and gonad (53% and 48%) for females and males, respectively
(Smithet al.1990). The Pacific cod is similar to the Atlantic cdglafilus morhupin terms of energy

cycling, maximum gonadizes, energy expended during spawning and gonadal contribution to energy
expenditure. However, in Pacific cod, somatic tissue contributes markedly to energy expended during
reproduction. The Pacific cod differs from the walleye polldsdus chalcogrammi that Pacific cod

have a lower gonad index for females, but far higher for males, lose less weight than pollock during
spawning, but spend more energy spawning than pollock with a loss of liver energy. This is evident in
differencesirgonadindex (13%a nd 20% 3s. 20% and 8% for females a
weight loss (25% 3s. 38%), liver energy | oss duri
(Smithet al. 1990). Total fecundity for Pacific cod is extremely high (Doyle Miiet, 2016) and spawning

takes place in the sublittorahthyal zone (40 to 290 m) near bottom in late winter to early spring (Stark,
2007).

Pacific cod eggs are deposited in one batch and sink to the bottom after fertilization where they are
adhesive andemain negatively buoyant (Matarese et al., 1989, Hurst et al., 2009). Eggs hatch in about 15
to 20 days. Temperature is suggested to be of major importance to successful egg development in the
natural environment (Alderdice and Forrester 1971). Optimapbéeature for incubation is 3° to 6°C,

optimal salinity is 13 to 23 parts per thousand (ppt), and optimal oxygen concentration is from 2 to 3 ppm
to saturation. Little is known about the optimal substrate type for egg incubation.

Pacific cod hatch at abo4 mm and immediately orient toward the surface (Laurel et al., 2008). Larvae
are pelagic, occurring primarily in the upper 45 m of the water column shortly after hatching, moving
downward in the water column as they grow. Larvae being diel migratienflgftion at about 10 to 17

mm and undergo metamorphosis at about 25 to 35 mm (Hurst et al, 2009; Ichthyoplankton Information
System, 2016). There appears to be a connection between water temperature and larval production where
cold sea surface temperagrare more likely to have high larval abundance while warm sea surface
temperatures more often result in low larval abundance (Doyle and Mier244l6 2;Fig. 2.2 and Fig.

2.3). In Pacific cod, it appeared that temperature plays an important roteith grotential during the



prefeeding larval stage. Pacific cod larvae do not achieve the same amount of growth at warm
temperatures (i.e18°C) compared to cooler temperatures (iiel°C), even though growth rates are

higher at warmer temperatures. Tdaiso appears to be a strong positive connection between mean larval
length and sea surface temperature, particularly in April through May when larvae are at their peak
abundance (Doyle and Mier, 2016). However, mortality of laiva@gher at warmer teperatures

(Laurelet al.2008). It should, therefore, be noted that high larval abundance may not equate to high
recruitment at older ages, conditions between the larval stage and recruitment must also be favorable. For
example, because temperatures weweel, production of larval and juvenile cod was high in 2013.

However, mean standard length of larvae in 2013 was smaller tharea&1 thouglproduction of larval

and juvenile cod was much lower than 2013 (Siddon et. al, 2016). Strong westward acretadow
zooplankton prey baseay havanade ecosystem conditions unfavorable mag not havesuppored

overwinter survival and ultimately recruitment at older ages was poor for they2ad 8lass. While

faster growth and shorter duration in the watdumnfor Pacific codn 2011and access to an earlier

spring bloom, may have allowed some resilience to the overall poor 2011 conditions, resulting in an
average 2011 year class (Doyle and Mier, 2016; Strom et. al., 20P8)15 with the highest sea face
temperaturesecordedduring a larval survegccurredand very few larvae or juvenile cod were
encounteredTlhese findings suggest a dome shaped relationship between larval survival in the spring, and
subsequent sustained access to prey resourcestneedjrowth and overwintering.

The settlement transition for Pacific cod is poorly understood but generally thought to be relatively early
due to the general lack of individuals larger than 15 mm in the ichthyoplankton surveys and presence of
35 to 50 mnrsizes individuals in nearshore trawl surveys during-duily (Doyle and Mier 2016, Laurel

et al., 2016). Older juveniles occur mostly over the inner continental shelf at depths of 60 to 150 m.
Adults occur in depths from the shoreline to 500 m, althoeghroence in depths greater than 300 m is

fairly rare. Preferred substrate is soft sediment, from mud and clay to sand. Average depth of occurrence
tends to vary directly with age for at least the first few years of life, going deeper with age. In the GOA
trawl survey, the percentage of fish residing in waters less than 100 m tends to decrease with length. The
GOA trawl survey also indicates that fish occupying depths greater than 200 m are typically #¥®@&he 40

cm range. Temperature also plays a roledultadistribution where the center of abundance shift to

deeper water in years with warmer than average bottom temperatures (Fig. 2.4) and could result in a
change otatchability and/oselectivity to bottom trawl or longline sampling gear.

Metabolic demads for ectothermic fish like Pacific cod, are largely a function of thermal experience and
tend to increase exponentially with increasing temperatures. Fish can minimize metabolic costs through
behaviors such as movement to thermally optimal temperatsrean increase consumption of food

energy to meet increasing metabolic demands. The latter requires sufficient access to abundant or high
energy prey resources. However, in a laboratory study on age 1+ Pacific cod, juveniles exhibited a
predisposition foheightened lipid synthesis at colder temperatures and higher growth rates at lower
rations. This energy allocation strategy is thought to facilitate specific physiological needs such as oxygen
transport, digestive ability, assimilation efficiency, antrieat utilization (Sreenivasan and Heintz,

2016). Food habits data show a transition for Pacific cod from pelagic zooplankton and epifauna between
0 to10 cm, to an increasing proportion of shrimp, forage fish, and commercial crab between 15 and 60
cm, than an increasing reliance on pollock and other fish at greater than 60 cm (Fig. 2.5; Livatgston

al. 2017; data available &ttps://access.afsc.noaa.gov/REEM/WetiData/DietDatalntro.ph)pHow

these factors impact Pacific cod due to changes in the ecosystem, particularly the impacts of the
anomalous warm years of 202816 arebetter described in the Ecosyst&attion below.

Studies on natural mortality in Pdcitod have found a wide range of values (Table 2.1). Itis

conceivable that mortality rates, both fishing and natural, may vary with age in Pacific cod. In particular,
very young fish likely have higher natural mortality rates than older fish (notéthamay not be

particularly important from the perspective of singfeecies stock assessment, so long as these higher
natural mortality rates do not occur at ages or sizes that are present in substantial numbers in the data).


https://access.afsc.noaa.gov/REEM/WebDietData/DietDataIntro.php

For examplea Leslie matrixanalysis of a Pacific cod stock occurring off Korea estimated the
instantaneous natural mortality rate eféarolds at 9.10 yt (Jung et al. 2009). This may be compared to
a mean estimate for a@eAtlantic cod Gadus morhupin Newfoundland of 4.17% pelay, with a 95%
confidence interval ranging from about 3.31% to 5.03% (Gregory et al. in prep.); a@dzagenland

cod Gadus ogakof 2.12% per day, with a 95% confidence interval ranging from about 1.56% to 2.68%
(Robert Gregory and Corey Morrigers. commur). Although little is known about the likelihood of age
dependent natural mortality in adult Pacific cod, Atlantic cod may exhibit increasing natural mortality
with age (GreeWalker 1970). Natural mortality has also been linked to conditioadidg, where low
condition at the population level predicts increased natural mortality in mature fish (Dutil and Lambert
1999).

Padfic cod are known to form dense spawning aggregations and to undertake seasonal migrations, the
timing and duration of whit may be variable (Shimada and Kimura 1994, Savin 2008). At least one

study (Ueda et al. 2006) indicates that-a8deacific cod may congregate more, relative te h§eacific

cod, in areas where trawling efficiency is reduced (e.g., areas of rough ®)pstrasing their selectivity

to decrease. Also, Atlantic cod have been shown to dive in response to a passing vessel (Ona and Godg
1990), which may complicate attempts to estimate catchability or selectivity. It is not known whether
Pacific cod undertaka similar response.

Fi shery

General description

During the two decades prior to passage of the Magnuson Fishery Conservation and Management Act
(MFCMA) in 1976, the fishery for Pacific cod in the GOA was small, averaging around 3,000 t per year.
Most of the catch during this period was taken by the foreign fleet, whose catches of Pacific cod were
usually incidental to directed fisheries for other spe®gsl976, catches had increased to 6,800 t.
Catches of Pacific cod sincedBareshown in Table 2; caches prior to that are listed in Thompson et

al. (2011).Presently, the Pacific cod stock is exploited by a muHjlar fishery, including trawl,

longline, pot, and jig componenitBrawl gear took the largest share of the catch in every year but one
from 19912002, although pot gear has taken the largest sgege share of the catch in each year since
2003(not counting?2017, for which data are not yet completEjgure 26 shows &ndings by gear since
1977.Table 22 shows the catch by jurisdictiondgear type.

The history of acceptable biological catch (ABC) and tallalwable catch (TAC) levels is summarized

and compared with the time series of aggregate commercial catches in.Babte the first year of
management under the MFCMA (1977), tach limit for GOA Pacific cod was establishedslightly

less than the 1976 total reported landiisting the period 1978981, catch limits varied between

34,800 and 70,000 t, settling at 60,000 t in 198&r to 1981 these limits were assignedffshing

year® rather than calendar yeahs.1981 the catch limit was raised temporarily to 70,000 t and the
fishing year was extended until December 31 to allow for a smooth transition to management based on
calendar years, after which the catch limiurned to 60,000 t until 1986, when ABC began to be set on
an annual basigrom 1986 (the first year in which an ABC was set) through 1996, TAC averaged about
83% of ABC and catch averaged about 81% of TW@ of those 11 years, TAC equaled ABC exactl

In 2 of those 11 years (1992 and 1996), catch exceeded TAC.

To understand the relationships between ABC, TAC, and catch for the period since 1997, it is important
to understand that a substantial fishery for Pacific cod has been conducted duriggdheseside State

of Alaska waters, mostly in the Western and Central Regulatory Areasccommodate the State

managed fishery, the Federal TAC was set well below gBE25% lower)in each of those yearghus,
although total (Federal plus State) catels exceeded the Federal TAC in all but three years since 1997,
this is basically an artifact of the-jirisdictional nature of the fishery and is not evidence of overfishing



as this would require exceeding QAL no time since the separate State wdishery began in 1997 has
total catch exceeded AB@nd total catch has never exceeded OFL

Changes in ABC over time are typically attributable to three factpichanges in resouredundance, 2)

changes in management strategy, and 3) changes inthkeassessment modélssessments conducted

prior to 1988 were based on survey biomass alerman 19881993, the assessment was based on stock

reduction analysis (Kimura et al. 1988yom 19942004, the assessment was conducted using the Stock
Synthesisl modeling software (Methot 1986, 1990) with lengsed datalhe assessment was migrated

to Stock Synthesis (5S2)in 2005(Methot 2005b)at which time agédased data began to enter the
assessmengeveral changes have been made to the model withint8 S2 f r amewor k (renam
Sy nt ha SS3 & 20D8) each year since then

Historically, the majority of the GOA catch has come from the Central regulatorylfarsame extent

the distribution of effort within the GOA is driven by regulation, at€k limits within this region have
been apportioned by area throughout the history of management under the MEGAMyES in area
specific allocation between years have usually been traceable to changes in biomass distributions
estimated by Alaska Fishes Science Center trawl surveys or management respanieeal concerns.
CurrentlytheareaspecificABC allocationis derived from the random effects model (which is similar to
the Kalman filter approag¢hThe complete history of allocation (in percaygdaerms) by regulatory area
within theGOA is shown in Table 2. Table 22 and 23 include discarded Pacific cod, estimated retained
and discarded amounts ateown in Table.5.

In addition to area allocations, GOA Pacific cod is also allocated dyasie of processor component
(inshore/offshore) and seasdiine inshore component is allocated 90% of the TAC and the remainder is
allocated to the offshore componentithin the Central and Western Regulatory Areas, 60% of each
component 6s TACdsrallocatecto tbhef A séaboa (January 1 through June 10) and the
remainder is allocated to the B season (June 11 through December 31, although the B season directed
fishery does not open until September 1).

NMFS has also published the following ruteimplement Amendment 83 to the GOA Groundfish FMP:

AAmendment 83 allocates the Pacific cod TAC in
GOA among various gear and operational sectors, and eliminates inshore and offshore allocations
in these twaegulatory areas. These allocations apply to both annual and seasonal limits of

Pacific cod for the applicable sectors. These apportionments are discussed in detail in a
subsequent section of this rule. Amendment 83 is intended to reduce competitiorsantorsy

and to support stability in the Pacific cod fishery. The final rule implementing Amendment 83

limits access to the Federal Pacific cod TAC fisheries prosecuted in State of Alaska (State) waters
adjacent to the Western and Central regulatory anedeiGOA, otherwise known as parallel

fisheries. Amendment 83 does not change the existing annual Pacific cod TAC allocation

between the inshore and offshore processing components in the Eastern regulatory area of the
GOA.

Al n the Centr allloc&& e, PacdwtedSI AGrhetsvaen \eessels using jig gear,
catcher vessels (CVs) less than 50 feet (15.24 meters) length overall usiranddiak gear,

CVs equal to or greater than 50 feet (15.24 meters) length overall usinghatike gear,
catchefprocessors (C/Ps) using heakdline gear, CVs using trawl gear, C/Ps using trawl gear,
and vessels using pot gear. In the Western GOA, NMFS must allocate the Pacific cod TAC
between vessels using jig gear, CVs using kerukline gear, C/Ps using hoald-line gear,

CVs using trawl gear, and vessels using pot gear. Table 3 lists the proposed amounts of these
seasonal allowances. For the Pacific cod sector splits and associated management measures to
become effective in the GOA at the beginning of the2xhing year, NMFS published a final



rule (76 FR 74670, December 1, 20ahy will revise the final 2012 harvest specifications (76
FR 11111, March 1, 2011).0

ANMFS proposes to calculate of the 2012 and 20
manner. First, the jig sector would receive 1.5 percent of the annual Pacific cod TAC in the

Western GOA and 1.0 percent of the annual Pacific cod TAC in the Central GOA, as required by
proposed 8§ 679.20(c)(7). The jig sector annual allocation would furéhapportioned between

the A (60 percent) and B (40 percent) seasons as required by 8 679.20(a)(12)(i). Should the jig

sector harvest 90 percent or more of its allocation in a given area during the fishing year, then this
allocation would increase by opercent in the subsequent fishing year, up to six percent of the

annual TAC. NMFS proposes to allocate the remainder of the annual Pacific cod TAC based on

gear type, operation type, and vessel length overall in the Western and Central GOA seasonally as
requi red by proposed A 679.20(a)(12)(A) and (B)

The longline and trawl fisheries are also associated with a Pacific halibut mortality limit which sometimes
constrains the magnitude and timing of harvests taken by these two gear types.

Recent fishery perfomance

Data for managing the Gulf of Alaska groundfish fisheries are collected in a myriad of ways. The primary
source of catch composition data in the federally managed fisheries for Pacific cod are collected by on
board observers (Fauneeal.2017). TheAlaska Department of Fish and Game (ADFG) sample

individual deliveries for state managed fisheries (Nickolal. 2015). Overall catch delivered is reported
through a (historically) paper and electronic catch reporting system. Total catch is estinoaigia h

blend of catch reporting and observer data (Caletlah2014)

The distribution of directed cod fishing is distinct to gear t¥jgure 27 shows the distribution of catch

from 19902015 for the three major gear typdsgure 28 andFigure2.9 show the distribution of catch

for 2016 and 2017 through October 2017 for the three majorgeartypesn t he 19706s and e
midl19806s the majority of Pacific cod catch in the
longline. Withte devel opment of the domestic Gulf of Al asl
took an increasing share of Pacific cod and Pacific cod catch increased sharply to around 70,000 t
throughout the 199006s. Al t hoaichihcrab poggots wehedirdt used wa y s
to catch a measureable amount of Pacific cod in 1987. This sector initially comprised only a small portion

of the catch, howevdry 1991 potscaughtl4% of the totakatch. Throughout the 1990s the share of the

Paciic cod caught by pots steadily increased to more than a third of the catch hirape222 and Fig.

2.7). The portion of catch caught by the pot sector steeply increased in 2003 with incoming Steller sea

lion regulations and halibut bycatch limitingwieandby 2011 through 2017 the pot sector caugttdre

than half the total catch of Pacific cod in the Gulf of Alaska.

In 2015 combined state and federal catch Wag72t (24%) below the ABC while in 2016 combined
catch was$4,071t (35%) below the ABGTable 23). As of October 16, the 2017 combined fishery has
only caughtd5,364 t which is onl$1% of theTAC.

The largest component ofcidental catch obthertargetedyroundfish specieis the Pacific cod fisheries

by weight are skate species in dumation followed by arrowtooth flounder and walleye pollock (Table

2.6). Rockfish, octopus, rock sole, sculpin species, and shark species also make up a major component of
the bycatch in these fisheriegicidental catch of notarget species in the GOPacific cod fishery are

listed in Table 2.7.

Longline
For199062015the longline fishery has beelispersed across the Central and Western GOA, however

more longline catch taken to thest of Kodiak, with somingline fishingoccurringin Barnabusrbugh
and a small concentration of sets along the Seward Pen{figl2 7). The2016and 201 fisheries



show a similar patter(rig. 28 and Fig. 29), however the 2017 fishery shows a concentration in fishing
in deeper waters in the Central GOA affe@. 2.10) and shallower waters in the Western G(Ag.

2.11) than in previous year3he longline fishery tends to catch larger fish on average than the other
fisheries(Fig. 212). The mean size of Pacific cod caught in the longline fishery is 64cm (anaaal m
varies from 58cm to 70cm). There was a drop in the mean length of fish in the longline fishery since
1990, however this trend haeen more variablever the lasfiO yearsalthough the overall trend
continues to move to smaller fish (Figl3. In the Central GOA the Longline fisheguring the A
seasorhad a slower start than previous years, but eventually caughtdhasén TAC by mid\pril; a

point reached in 201Biree weeks earligFig. 218). The A seasorCPUE in the Central GOA longline
fishery was substantially lower than the previous two years (FAj) 2pproximately matching the low
CPUE encountered in 2008 when stock abundance had been at it pyelaiest level(Fig. 222). The

A- seasorongline fishery in the Western GOA appears&ve startethter than the previousykars,
however although effort appears to be lower the CPUE appears similar to the high CPUE attained in 2015
and on average higher than 2016 (Fid92Fig. 221, and Fig. 22).

Pot

The pot fishery is a relativelgcent development (Tab22) and predominately pursued using smaller
catcher vessel3he Alaska state managed fishery is predominantly conducted using pots with on average
84% of the state catch coming from pot fishing ves#el8016 60% of the oveddEOA Pacific cod

catch was made usimmpts.Pot fishing occurs close to the major ports of Kodiak, Sand Point and on
either side of the Seward Penins(H&g. 27). In 2016(Fig.28) this same pattern is observed while in
2017 (Fig. 2) low observer cowvage makes it difficult to determine if fishing distribution was the same
as previous years. From the observed vessels in 2017 there appears to have been less fishing to the
southwest of Kodiak, however this may be due to low observer covatageot fihiery in the Central
GOA appears to have moved to deeper water in 2017 than in 2016 oF2P23.(), while pot fishing in
the Western GOA appears to be similar among the past three years.

The pot fishery generally catches fish greater than 4(0Fmm 214), but like the longline fishery there

has been a declining trend in Pacific cod mean length in the fishery since 1998 with the smallest fish at
less than 60cm on average caught during the 2016 fishery (Fa. Phie 2017 fishery data show an
increasen length, potentially due to a combination of the fishery moving to deeper water and an apparent
lack of smaller fish in the population.

The pot fishery in the Central GOA was slower and did not take the full TAC for the A seasonl@ig. 2.
The pot fshery in the Wester@OA appears to have been slower than 2014 and 2015, but similar to 2016
(Fig. 2.19). CPUE during the A season (Januagyril) in both the Central and Western GOA was lower
than the previous two yeafSig. 220 and Fig. 221), on par vith CPUE during 2013 and 20&®10 (Fig.

2.22).

Trawl

The Gulf of AlaskaPacific cod trawl fishery rapidlyavelopedstarting in 1987, quicklgurpassing the
catch from the foreign | ongl1b89sn 1987. $he kawlifheyur s ue d
dominated the catch into the 2000s, but wathen somewhat replacéttreases ipot fishing in the

mid-2 0 0.0rdisstransition to pot fishing was partiatlye to $eller sea lion regulationialibut bycatch
caps and development ohaAlaska sate managed fisherfhe distribution of catch from the trawl
fisheryfor 19902015shows ithas beenvidely distributed across the Central and Western GOA (Fig.

2.7) with the highest concentration of catch coming from southeast of Kodiak Island inrtinal G®OA

and around the Shumigan Islands in the Western Gi©2016 tawl fishing in the Western GOA shows

a shift away from the Shumigan Islandstlfier to the west around Sanak Island and near the Alaska
Peninsula (Fig. 281). Catch concentrations the Central GOA for 2016 look much like the historic
fishing patterns for this area (Fig82. Trawl fishing in 2017 for the A season shows increased catch near




Sanak Island and substantially less catch to the southeast of Kodiak and lower catcheeritrah&OA
in general (Fig. 3).

The trawl fishery catches smaller fish than the other two gear types with fish as small as 10 cm appearing
in the observed length composition samiffgg. 216). The average size of Pacific cod caught by trawl in
thel9® 6 s was on aver age s ntEgl21%.Thetrawbfishery dhaws @&n increaseg h t
in average size in the 1990s with the maturation of the domestic fishery. The decline in thengtean le

from the mid1990s until 2015 mimics that obseniaedhe longline and pot fisheries with some

prominent outliers (2002006).The years 2005 and 2006 shows little observed fishing in-#$eaBon

when smaller fish are more often encountered with this gearTiggemean size shows a sharp increase

in 2016and 2017. The change to deeper depth and a larger proportion of the catch coming from the
Western GOA might partially explain this recent increase.

The directed A season trawl fishery in the Central GOA started much later than previous years, catch rates
were lowerand the fishery didiot take the full TAC (Fig. 28). Effort and CPUE in 2017 was lower than

the previous Years (Fig. 20 and Fig. 22). The Western GOA A season trawl fishery appears to have
finished the trawl TAC at the same time as thevpus three yeai@ig. 221) and had better than

average CPUE compared to the previous four y@ags 221 and Fig.223).

Other gear typesiondirected, and nenommercial catch

There is a small jig fishery for Pacific cod in the GOA, this is a grilpnstate managed fishery and there

is no observer data documenting distribution. This fishery takes on average 2,400 t per year. In 2017 the
jig fishery was nearly neaxistent with catch at less than 150 t. Catch in both the Central and Western
GOA wasexceptionally low as were catch rates.

Pacific cod is also caught as bycatch in other commercial fisheries. Although historically the shallow
water flatfish fishery caught the most Pacific cod, since 2014 Pacific cod bycatch in the Arrowtooth
flounder taget fishery has surpassed it (Tabl®) 2ZThe weight ofPacific codcatch summed faall other
target fisheries was 3,23 2016 a low for recent fisheries, 2017 will likely be lower. This following an
all-time high of 10,780 t in 2015 with 1/3 of tHi®m the Arrowtooth flounder target fishery.

Non-commercial catch of Pacific cod in the Gulf of Alaska is considered to be relatively small at less than
400 t; data are available through 2015 (Tab®. Z.he largest component of this catch comes fram th
recreational fishery, generally takingethird to onehalf of theaccounted fonon-commercial catch.

Other fishery related indices for stock health

There is a long history of evaluating the health of a stock by its condition which examines chahges in
weight to length relationship (Nash et al. 2006). Condition is measured in this document as the deviance
from a log linear regression on weight by length for all Pacific cod fishery A season (JApudrgata

for 19922017. There is some variabyliin the length to weight relationships between Pacific cod

captured in the Central and Western GOA fisheries and among gear types. However, thamneisient

trend in both areas for Pacific cod captured using longline and pangeare being lowecondition

during 20142016 for fish less than 80 cfRig. 223, Fig.224, Fig. 2.5, and Fig. 2.8).

Incidental catch of Pacific cod in other targeted groundfish fisheries is provided in Table 2.8 and
noncommercial catch of Pacific cod are listed in €&hb.

Indices offishery catch per unit efforQPUBE can be informative to the health of a stock, how&RUE

in directed fisheries can be hypgtable with CPUE remaining high even at low abundawtatérs

2003. This phenomenon is believed to havatdbuted to the decline of the Northern Atlantic cod
(Gadus morhupon the eastern coast of Canada (Rose and Kulka 28%t8ad we show the occurrence
of Pacific cod in other directed fisheri&¥e examine two disparate fishertesevaluate trends in
incidental catch of Pacific cothe pelagic walleye pollock fishery atite bottom trawl shallow water
flatfish fishery. The occurrence of Pacific cod in the pelagic pollock fishery appears to be an index of



abundance that is particularly sensitive to arny@dPacificcod, which are thought to be more pelagic.
Theshallow water flatfish fishery trackeslarger portion of thadult population of Pacific cod~or the

pollock fishery we track incidence of occurrence as proportion of hauls with cod @@l Fig. 228)

and the number of Pacific cod per ton of pollo€lg(229). In the shallow water flatfish fishergatch

rates intons of Pacific cod per ton tdrget speciesatchwere examine@Fig. 2.30). For all of these

indices the2017 valuas the lowest in theseries (200@2017). For the shallow water flatfish fishery

2016 was the second lowest value. It should be noted that none of these indices are controlled for gear,
vessel, or fishing practice changes.

Surveys

Bottom trawl survey

The Alaska Fisheries Science Center (AFSC) has been conducting standardized bottom trawl surveys for
groundfish and crab in the Gulf of Alaska since 1984. From-198% these were conducted every third

year, and every two years between 1999 and 2017. Two erdbrmemercial fishing vessels are

contracted to conduct the surveys with fishermen working alongside AFSC scientists. Survey design is
stratified random with the strata based on depth and distance along the shelf, with some concentrated
strata in troughs @ahcanyongRaringet al.2016) There are generally between 500 828 stations

completed during each survey conducted between June and August starting in the Southeast and ending in
the Western Gulf of Alaska. Some changes in methods have occurrétieyears with the addition of
electronics tanonitor how wellthe netis tendng onbottom,also tomeasure differences in net and trawl

door dynamics and detect when general problems with the trawl gear occur. Surveys conducted prior to
19% areconsideed to have more uncertainty givelmanges in gear mensuratidiso, the fact thatrawl
durationchangedn 1996to be 15 minutes instead 8. Snce 1996 methodshave been consistertut in

some yearthe extent of the survéyas variedIn 2001 the Satheastern portion of the survey was

omittedand in 2011, 2013, and 2017 deeper strata had fewer stations sampled than in other years due to
budget and/or vessel cdraints.

The 2017surveywas conducted with two chartered vessels that accomplishextd@Rfs. While the

GOA Bottom Trawl Survey optimally employs three chartered vessels and targets 825 stations, the 2017
likely captured the trend and magnitude of the cod abundance in the GOA. The 2017 survey covered all
strata; regions; and shelf, gylland yper slope habitats to 700 firhe percent standard error of 12.8%

was lower than the historic average of 16.T¥e 2017 survey was comparable to the 2013 survey that
was also conducted with two vessels and achieved 548 stdtlmn2013 Pacificad survey estimateas

almost five times higher than the 2017 survey.

ThePacific cod biomass estimates from Hwtom trawl surveyarehighly variable between survey years
(Table 211 andFig. 2.3l). For example,heestimates dropped 8% between thd996and1999
estimates but subsequent estimates were sithilangh 2005. The 2009 survegtimate spiked at 2
times the2006estimate. Subsequesuirve\s showeda decline through 201The 201 7estimates for
abundancand biomass estimategerethe lowest in the time serie@ 71%dropin abundance and 58%
dropin biomassompared to th@015estimate) The survey encountefish as small as 5 cm and
generally tracks large year classes as they gg., thel996, 20052008, and 2012 year classEgy.
2.32). The mean length in the trawl survggnerallyincreagdfrom 19842005 with exceptor the 1997
and 2001 surveys (Fig. 2B Thedecline inmean length in 2007 and 200&s apparently due to
incoming20052008 year classes. The mean length engihrvey increased in the 2011 survey although
still remained below the 1982005 overall average.

The distribution ofPacific codin the survey has been highly variable (Fig42Bith inconsistent peaks

in CPUE. In 2017 the survey had the lowestrag densityof the time series, but also no high density
peaks in CPUE were observed in anyvey stationThere were some higher than average densities for

the 2017 survey located along the AlaBlaninsulaand south of Unimak island, but for the most part

CPUE was universally low throughout the Gulf of Alaska. The next lowest survey, 2007, had high spikes



of density in the Central GOA west of Kodiak and along the Alaska Peninsula, as well as numerous mid
density spikes throughout the Central and WesterA.GO

AFSCsablefish longline survey

Japan and the United States conducted a cooperative longline survey for sablefish in the GOA annually
from 1978 to 1994, adding the Al region in 1980 and the eastern BS in 1982 (Sasaki 1985, Sigler and
Fujioka 1988). Sice 1987, the Alaska Fisheries Science Center has conducted annual longline surveys of
the upper continental slope, referred to as domestic longline surveys, designed to continue the time series
of the JapaiJ.S. cooperative survey (Sigler and Zenger 1988 domestic longline survey began

annual sampling of the GOA in 1987, biennial sampling of the Al in 1996, and biennial sampling of the
eastern BS in 1997 (Rutecki et al. 1997). The domestic survey also samples major gullies of the GOA in
addition to senpling the upper continental slope. The order in which areas are surveyed was changed in
1998 to reduce interactions between survey sampling and short, intense fisheries. Before 1998, the order
was Al and/or BS, Western Gulf, Central Gulf, Eastern GuéfttiBig in 1998, the Eastern Gulf area was
surveyed before the Central Gulf aredernational Pacific halibut longline survey

A Relative PopulatioNumber(RPN)indexof Pacific cod abundan@ndlength compositiosifor 1990
through2017(Table 212 andFig 2.35). Details about thesgata and a description of the methods for the
AFSC sablefish longline survey can be found in Hanselman @0dl5) andechave et al. (2012This

RPN indexmirrorsthe trend observed in the bottom trawl survey for 1990utitr?017 with a decline in
abundance from 1990 through 2008 and a sharp incf€a4%o)in 2009and continued increase through
2011 with the maturation of the large 2e@308 year classel 20122013there appearadeclinein the
abundancendexconcurent with a drop in overall shelf temperature potentially due to changes in
availability of Pacific cod in these years as the population moved to shalliosaesin 20142016the
indexincrease butthis may reflect increased availability wittarmercondtions Theindex showsa

sharp drop (53%) in abundanitem 2016 tc2017.

Unlike the bottom trawl survey, the longline survey encounters few small fish (Bg). Zhe size
compositiordatashowconsistent and steep unimodal distributions with a stegee@asing trend in mean

size betweet990-2017(Fig. 237), matching the trend observed in all three fisheries, but not in the bottom
trawl surveyChanges in mean size appear consistent with changing availability in the survey due to bottom
temperaturesind changes in the overall population wilge year classeSmaller fish are encountered
during this survey in warm years vs. cold years. There is a sharp decline in mean size in 2009 when the
large 2005 yeaclass would be becoming available to thisvey. The even steeper decline in average
length in 2015 was encountered in the warmest year on record for the time series.

Since 1990, when the AFSC longline survey time series begins, there is an increasing trend in temperature,
a decreasing trend in toAFSC longline RPN and mean length of Pacific cod in this suifvigy 238).

Once linearly ddrended the RPNhdex and CFSR10 cm bottom temperature index (See belovwg da
Pearsonb6s corr el at rvalue of©.02¢nferfestirdy emongh thdRmean si@e. oBP&gific ( p
cod caught in the survey has 323 and mean length with RPN r3:49 over the time series from 1990

2016.

International Pacific Hlibut Commission (IPHClongline survey

This survey differs from the AFSC longline sunieygear configuration and sampling design, but catches
substantial numbers &facific cod More information on this survey can be found in Soderlund et al.

(2009). A major difference between the tl@agline surveys is that the IPHC survey samples théf she

consistently from ~ 1800 meters, whereas the AFSC survey samples the slope and select gullies from
2001000 meters. Because the majority of effort occurs on the shelf in shallower depths, the IPHC survey

may catch smaller and youndeacific cod thathe AFSC Longlinesurvey However,Pacific codtaken

in the IPHC surveywre not measured for lengiffocompae,t o | PHC r el ative popul ati
(RPN) were calculated using the same methods as the WiR§lhe surveydata (but using different




depth $rata). Stratum areas (kfpfromthe RACE trawl surveys weresedfor IPHC RPN calculations.
The most recerlPHC survey estimatavailable is from 2016.

The IPHC survey estimates of Pacific cod tracks well with both the AFSC sablefish longline and AFSC
bottom trawl survey¢Table 213 and Fig. 239). There was an apparent drop in abundance from-1997

1999 with a stable but low population through to 2006. The population increases sharply starting in 2007,
likely with the incoming large 2005 year class andtmues to increase through 2009 as the large-2005

2008 year classes matured. The population then remained relatively stable through to 2014. The RPN
index shows a steep decline in 2015 and 2016 consistent with the other two surveys. The 2016 RPN is the
lowest on record for th20-yeartime series.

Alaska Department of Fish and Gabmtom trawl survey

The Alaska Department of Fish and Game (ADFG) has conducted bottom trawl surveys of nearshore
areas of the Gulf of Alaska since 1987. Although these ssiraeydesigned to monitor population trends

of Tannercrab and red king crab, Pacific cadd other fish are also sampled. Standardized survey
methodausing a 40@mesh eastern trawl were employed from 1987 to the present. The survey is designed
to sample &fixed stations from mostly nearshore areas from Kodiak Island to Unimak Pass, and does not
coverthe entire shelf area (Fig.4B.and Fig. 241). The average number of tows completed during the
survey is 3600n average89% of these tows contalPacificcod Details of the ADFG trawl gear and
sampling proceduregre in Spalinger (2012).

To develop afndexfrom these datag simple delta GLM model was appliedverirg 1988 2017. Data
were filtered to exclude missingtitude and longitudesnd missinglepths.This modelis separaté into
two components: one that tragk®sencebsence observations amdecond that models factors
affectingpositive observationg:or both components,fixed-effects modeWas selected and includes
year, geographic areapédepth as factors. Strata were defined according to ADFG district (Kodiak,
Chignik, South Peninsula) and depth3@&fm, 30-70fm, >70fm). Theerror assumption of presence
absence observations was assumed to be binbatialternative error assumptis were evaluated for the
positive obsrvationglognormalversusgamma. TheAlC statistic indicatedhelognormaldistribution
was more appropriate than thyemma( A 11888.9. Comparison of delt&LM indiceswith the area
swept estimates indicated sian trends. Variances were based droatstrap procedure, and CVs for the
annual indewaluesranged from 0.Dto 013. These values undestimateuncertaintyrelativeto

population trends since the area covered btineey isa small grcentage of th&OA shelf areavhere
Pacific cod have been observed

The ADFG survey index follows the other three indices presented above with a drop in abundance
between 1998 and 199916%) and relatively low abundance throughout the 2Q08ble 214 andFig.

242 ard Fig. 243). This survey differdrom other indices as the estimates dnlyreasd in 2012 (an

89% increase from 2011), and then dropped off steadily afterwards to a record low in 2016. The 2017
surveyindexwas 5% higher than the 2016 suniegiexwith broadly overlappingonfidence intervals for
these two years.

Environmental indices

CFSR bottom temperature indices

The Climate Forecast System Reanalysis (ChSRe latest version of thiéational Centers for
Environmental Prediction (NCER)imate reaalysis The oceanic component of CFSR includes the
Geophysical Fluid Dynamics Laboratory Modular Ocean Model version 4 (MOM4) with an iterative sea
ice (Saha et al. 2010). It uses 40 levels in the vertical withraet8r resolution from surface down to

about 262 meter. The zonal resolution is’@Bd a meridional resolution of 0.2between 185 and

10°N, gradually increasing through the tropics until becoming fixed atp@fward of 30S and 30N.



To make the index the CFSR reanalygisl pointswere colocated with the AFSC bottom trawl survey
stations. The ctocated CFSR oceanic temperature profiles were then linearly interpolated to obtain the
temperatures at the depths centers of gravity for 10 cm and 40 cm Pacific cod as determined from the
AFSC bottom trawl survey. All cdocatedgrid pointswere then averaged to get the time series of CFSR
temperatures over the period of 1206(Fig. 244 and Table 2.16

The mean depth of Pacific cod at 10 cm and 40cm was found to be 47.9 m and 10thd Gentral

GOA and 41.9 m and 64.07 m in the Western GOA. The temperatures of the 10 cm and 40 cm Pacific cod
in the CFSRindices are highly correlated {R 0.88) with the larger fish in deeper and sligleibyder

waters 7.49C vs. 6.00°C in the CentiaGOA and 4.78C vs. 4.75C in the Western GOAThe

shallower index isnore variable (CYocm0.10 vs. CMocni=0.07). There are high peaks temperature in

1981, 1987, 1998, 2015 and 2016 with 2015 being the highest in both the 10 cm and 40 cm indices. There
are low valleys in temperature in 1982, 1989, 2@09.2, and 2013. The coldest temperature in the 10cm
index was in 2009 and in the 40cm index in 20tieretrendis insignificantfor bothindices.

Dat a

This section describes data used in the cuassessmelfEig. 245). It does not attempt to summarize all
available data pertaining to Pacific cod in the G@Adata used are provided in Appendix 2.3.
Descriptions of the trends in these data were provided above in the pertinent sections.

Data Souce Type Years included
Federal and state fishery catch, by gear type AKFIN metric tons 19771 2017
Federal fishery cateht-length, by gear type AKFIN /FMA  number, by cm bin 19771 2017
State fishery catcht-length, by gear type ADF&G number, by cnbin 19977 2017
GOA NMFS bo_ttom trawl survey biomass and AESC metric tons, 1984i 2017
abundance estimates numbers

AFSC Sablefish Longline survey Pacific cod RPN  AFSC RPN 199071 2017
GOA NMFS bottom trawl survey length compositior AFSC number, by cm s 198471 2017
GOA NMFS bottom trawl survey age composition AFSC number, by age 19907 2015
GOA NMF_S bottom trawl survey mean lengihage AESC mean value and 19907 2015
and conditional agat-length number

AFSCSgpIeﬁsh Longline survey Pacific Cochiith AESC Number, by cm bin 19907 2017
composition

Temperature

anomaly at mean

depth for Pcod 19792016
size bins 10 cm

and 40 cm.

National Center
for
Atmospheric
Research

CFSR bottom temperature indices

Fishery

Catch Biomass

Catchedor the period 191-2017are shown for the three main gear typegable 22, with the catches for
2017 presented through October 11, 2017. For the assessment mo@eiitBec catch wasestimated
given the average fraction ahnualkatchby gear typeand FMP subardar this period in 20&. The fishery
was set in three gear type, trawl (all trawl types), longline (longline and jig) andh@otveight of catch
of other commercial speciesught in théPacific codtargetedisheliesfor 2013 through2017 areshown
in Table 26, and incidental catch aion-commercial specie®r 2007 1 2017are shown in Table 2.Non-
commercial catch of Pacific cod in other activitieprievidedin Table2.9.



Catch Size Composition

Fishery size compositions are presently available byfgeat least oneapr type in every year from 1977
through the first half of 20 Size composition data are based eon bins ranging from to 116 cm. As
the maximum percent of fish larger than 110 cm over eachggzartypeseason is less than 0.5%e
upper limit of the length binwas set al16 cm, with the 11:8m bin accounting for all fish 116 cm and
larger.The trawl fishery length composition datee provided in Appendix 2.2 in an Excel spreadsheet.

(http://www.afsc.noaa.gov/REFM/Docs/ZBGOApcod Appendix2 2.xI9x

There are two changd®escribed below}o the data in the Model 17.09.xx assessment model series
proposedvhich were presented in the Septemben péeam and included in Appendix 2.3.

(http://www.afsc.noaa.qgov/REFM/Docs/2017/GOApcod AppendixifB.

Size composition proportioning

For the 2016 assessment modaid assesment model series Model17.08.fighery length composition
data werestimatedased on the extrapolated number of fish in each haul for all hauls in a gear type for
each year.

B

B

2016 Method:n) S

Wherep is the proportion of fiskat lengthl for gear typeg in yeary, n is the number of fish measured in
haulh at lengthl from gear typeay, and yeal andN is the total gtrapolated number of fish in haul h for

gear typeg, and yeay.

For 2017 for posi991 length compositiofseries Model 17.09.xxye proposestimatingthe length
compositions usinthe totalCatch Accounting System (CAS) deriviedal catchweight for each gear
type, NMFS management area, trimester, and {3gaprior to 1991 were unavailable at this resolution
so those size composition estimates are unchanged.

B

B

Model 17.09.xxmethod (post991): 1 B

Wherep is the proportion of fiskat lengthl for gear typeg in yeary, nis the number of fish measured in
haulh at lengthl from gear typay, NMFS area, trimesteit, and yeay andN is the total extrapolated
number of fish in haul h for gear typeNMFS areas, trimesterit, and yeay. TheW terms come fronthe
CAS database and represtotal (extrapolatd) weight for gear typg, NMFS area, trimestett, and

yeary.

Addition of ADFG port sampling for Pot fishery data

In 2017 observer coverage changed as managers established electronic monitoring (EM) as a substitute
for observer coverage. This is likdlyreduce observaroverage of the GOA Pacific cod pot fishéoy
around 4% compared to 14.7% coverage in ACt&ig Faunce, personal comm. 25 July 2017). The EM
program is currently unable to measure fish for length composition (and obviously is tonablade

age structure sampling). In 2016 the pot fishery caught 59% of the total allocation of GOA Pacific cod
with 75% of this caught in state waters. This leaves a large proportion of the catch without observer
collected length composition data. Tdigate this loss of data, other sources of pot fishery length
composition data are being considered. ABE-G has routinely collected length data from Pacific cod
landings since 1997. As su@ddingthese data as a way to augment the pot fishery lengtpasition

data for the stock assessment is important.



http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx
http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_3.pdf

The ADFG port sampling and NMFS-aea observer methods are follow different sampling frames so
combining them poses some challenges. We prdpasse ADF&G data from the pot fishery for
trimester/aeas in which observelata were missing heresolution of theADF&G datarequired the
assumption thatll of the samples collected in an arealtrimester were representative of the overall catch
for that trimester/area.

Method for ADFG data 1) = =
Wherep is the proportion of fiskat lengthl for gear typeg in NMFS areaa in trimestert for yeary, nis

the number of fish measured at lengffom gear type in trimeste t of yeary. W is the catch accounting
total weight for gear typg, NMFS area, trimestett, and yeal.

Age composition

Otoliths for fishery age composition have been collected since 1982. In 2017 the Age and Growth

laboratory at the AFSC read the ader 1,334otoliths from the 2015 and 2016 fishery. Although these

ages are not yet included in the stock assessment models, they have been used to evaluate the fishery data.
The raw data presented in Figurd.

Surveys

NMFS Gulf of Alaska Bottom Trawl Survey

Abundance Estimates
Bottom trawl survey &timates of total abundanaeed in the assessment models examined thisayear
shown inTable 211 and Fig. 231, together with their respective coefficients of variation.

LengthComposition

The relativdengthcompositionsised in the assessment models examined thidrpead 9842015 are
shown in Figure 32 andprovidedin Appendix 2.2 in an Excel spreadsheet
(http://www.akc.noaa.gov/REFM/Docs/20070Apcod _Appendix2_2.x19x

Age Composition

Age compositiongFig. 247) and conditional length at age (Fig4.from each trawl survegince 1990
(excepO0l7areavai |l abl e and i ncl uded .Theaetchnmpasitionsdr 6 s asse
conditional length at age data gmvidedin Appendix 2.2 in an Excel spreadsheet
(http://www.afsc.noaa.qgov/REFM/Docs/20G0DApcod_Appendix2_2.xI9x

A recant study by Kastellet al. (2017) state that one of the specific reasons for their study was to
investigate the apparent mismatch between the mean length at age (fromzgnog/tiased ages) and
lengthfrequency modal sizes the BSAI Pacific codtack assessments and to evaluate whether age
determination bias could account for the mismaltdban lengths at age (either from raw deegh pairs

or agelength keys) wereeported to be smaller than the modal size at presumed age from length
distributiors. In general, for the specimens in thsiudy, there was an increased probability of a positive
bias in fish at ages 3 and 4 (Kastelteal.2017 Fig. 6, Table 2)that is, they were ovexged. In effect,

this overageing created a bias in mean lergjthge, resulting in smaller estimates of size at a given age.
When correcting for ageing bias by reallocating-ggth samples in all specimens age8 ih

proportion to that seen in the true age distribution, mean size atiahdgl2ndeed increas&éstelleet

al. 2017, Fig. 7). For example, there was an increase of 35 mm and 50 mm for Pacific cod aged 3 and 4,
respectively. This correction brings the mean size at corrected age closer to modal sizes in the length
compositionsWhile beyond the scopef their study,they postulate that these of this correction to

adjust the mean size at age data currently includPagific codstock assessmesghouldprove

beneficial for rectifying discrepancies between mean leag#ge estimates and lengftiequency modes.


http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx
http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx

Although not implemented this year, we will work with the age and growth 1201i8to add aging bias
to the assessment model.

AFSC Longline Survey for the Gulf of Alaska

Relative Population Numbers Index and Length Composition

The AFSClongline survey for the Gulf of Alaska survey data on relative Pacific cod abuntbayatber

with their respective coefficients of variatiosed in the assessment models examined this year are shown
in Table 212 and Fig. 235.

LengthComposition
The lengthcomposition data for th&FSClongline survey datareshown in Figure 36 andprovided in
Appendix 2.2 in an Excel spreadsheet.

(http://www.afsc.noaa.gov/IREFM/Docs/2017/GQAd  Appendix2 2.xI9x

Environmental indices

CFSR bottom temperature indices
The CFSR bottom temperature indices for 10 cm Pacific cod were used in this assessment (see description
above; Fig. 24 and Table 215).

Analytic Approach

Model Structure

Thisyear 60 s pr o @mply efthemamdsaceiripaata(fishery length composition estimates and
including ADFG port sampling dajaThey also introduce a way itacorporae environmental linkages in
thetreatment of natural mortality to evaluate the impadtthe warm water temperatures exhibited in
20142016 Additionally, thetreatment of thé&\FSC longline survejndex is refinedby adding a
parameter to scale catchability with temperatiiesee the history of models used in Hisessment

r e f e martarmPal&sdr(2015).Stock Synthesis version 3124Methot and Wetzel 2013; Methot
2013)was used toun all the model configurations in this analysier consistency, wimcludethe 205
acceptednodel(Model16.08.25)with updated 208 and 20% catchdata as well as 2GIAFSCbottom
trawl abundance and AFSC longline index and length composition data

The new modelfirst reviewed bythe NPFMC GOA GroundfishPlan Team in Septemb&017and this

is shown inAppendix 21. At that meeting, the 2017 susveata were unavailable. However, the
magnitude of the decline in new index values prompted presentations to the October 2017 Council
meeting since it was clear that the decrease was well below any reasonable expectation. For this
assessmenthé drop wagxplored in three of the new model configurations by adding a natural mortality
block for 20152016(and supported by a number of ancillary observations in fisheries, the ecosystem,
and biological characteristicsjhe models presented represent a subdgabdels deemed to be most
informative for discussion and stock management.

All modelspresentedveresingle sex agbased models with lengthased selectivity. The models have

data from three fisheries (longline, pot, and combined trawl fisheriespwitigle season and two survey
indices (postl990 GOA bottom trawl survey and the Auke Bay Longline survey indices). Length
composition data were available for all three fisheries and both indices. Growth was parameterized using
the standard three paramevon Bertalanffy growth curve. Recruitment wiagdeled as varying about a

mean with standard deviation fixed sigma R= 0.44(Barbeauxet al.2016) All selectivities were fit

using six parameter doubli®rmal selectivity curvesFive additional moeél configurationsvere

developed for this documefriote Model 17.09.37 isxperimental ancheant forpotential future

consideratioh


http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx

Model configurations:

Models Natural mortality Survey catchability Length-based Selectivity
17.08.25 Fit with normalprior of | Trawl Q fit with Blocked time varying selectivity
0.38andi =1 0. uniform prior domeshaped allowed for all but
the longline fishery19781989,
Longline float 19902012, 20122016, and 2017
for longline and trawl1978
2012, and 2012017 forpot.
19841995,1996:2005, 2006
2017 for bottom trawl survey
17.09.25 Fit with log normal Same as 17.08.25 Same as 17.08.25
priorlog(e) = -0.81and
G =10.
17.09.26 Two blocks one block | Same as 17.08.25 Same blocks as 17.xx.25, excef
including 19772014 selectivity allowed to be fit
and 2017 and one bloc annually based on a dev with
for 20152016. Tle cv=0.2 for the 1978989 block.
first block M fixed at
the prior of 0.44 the
second Mo6s
normal priorlog(e)=
-0.8land 40 =
17.09.31 Two blocks one block | Trawl Q fit with Same a 17.09.26
including 19772014 uniform prior
and 2017 and one bloc
for 20152016. Both | Longline Q fit with
blocks M fit lognormal | prior and conditioned of
prior of logg)=-0.81 temperature index
and 10 = 0
17.09.35 Same as 17.09.31 Same as Model17.09.3] Same as 17.09.26 except added
F17.09.36 block for trawl and longline
fisheries for 20052006
F17.09.37 Age and year specific | Same as 17.09.31 Same as 17.09.36
Ms, Fit with knots at 0O,
1, and 5 where M is
allowed to change. Age
Osetat0.75,1at 0.44
and age 5. Age 1 and
age 5 conditioned on
bottom temperature
anomalies. Block 2015
2016 fixed for age 1 at
0.9 and fit with uniform
prior for age 5.

F= FrancisTA1.8 method tuned



Time varying sekctivity components:

Configuration Component Temporal Blocks/Devs.

Trawl andLongline Fishery Blocksi 19771995, 19962005, and 2002016
XX.XX.25 Pot Fishery Blocksi 19772012 and 2012016

Bottom trawl survey Blocksi 19771995, 19962006, 20072016
17.09.26 Longline Fishery Annual varying 1978989

Trawl Fishery Blocksi 19771995, 19962005,200620162017
17.09.31 Pot Fishery Blocksi 19772012 and 2012016

Bottom trawl survey Blocksi 19771995, 19962006, 20072016
17.09.35 Longline Fishery Annually variable 1978989
17.09.36 Trawl Fishery Blocksi 19962004,20052006,20072016,2017
1709.37 Pot Fishery Blocksi 19772012 and 2012016

Bottom trawl survey Blocksi 19771995, 19962006, 20072016

Parameters Estimated Outside the Assessment Model

Natural Mortality

In the 1993 BSAI Pacific cod assessment (Thompson and Methot 1993), the natural mortalitwaate

estimatedo be0.37.All subsequent assessments of the B&#d GOAPacific cod stock (except the

1995 GOA assessm@inave used this value ff, until the 2007 assessments, at which time the BSAI
assessment adopted a value of 0.34 and the GOA assessment adopted a valugath @BBiese were

accepted by the respective Plan Teams and the B&Giew values wereabed on Equation 7 of Jensen
(1996) and ages at 50% maturity repor tngespoisy ( St ar
to a request from the SSC, the 2008 BSAI assessment included further discussion and justification for

these values.

Forthe 2016 referencenodel(Model 16.08.25M was estimated using a normal prior with a mean of
0.38 and CV of 0.1This September Dr. Thompson presented a new natural mortality prior based on
literature search (Table 2.for the Bering Sea stock assessn{@ghbmson et al. 2017). For the Gulf of
Alaska stock we used the same methodology and literature search to devise a new priohfer M. T
resulted in a lognormal prioronMdé . 81 (e€=0.44) with a standard
Alaska Pacific codModel 17.09.25 was fit with this prior on M.

devi

Due to the drop isurveyabundancebetween 2015 and 2016 it is suspected taairal mortality

increased in 2015 and 2016. Model 19.09.26 introduces a block foi22a85vhere M could be fit

separately from all other yearssiuards fixed at 0.44 in this model while Ms2016is fit with a

|l ognor mal-0p 8i o a rdMalel #7:09.31 and Model 17.09.36 follow this same blocking

of M, but M is fit for botOh 8plera ndtibssewlspetial a | ognor
mortality periods have been proposed and approved for use in several Bering Sea crabrassessm

Model 17.09.37 is experimental aimdended taexplore the impact of temperature irat different ages
and over time. In this mod# is fixed for age 0 at 0.75 (there is no information in the model to inform
this value and therefore simpgaleghe age0 estimatel Msiandardat ages # and ages 20 werefixed

at 0.44, but a uniform parameteith a uniform parameter bounded at 0.1 anda&$ fit which scales M
to the 10 cm CFSR temperature inaeas fit to eachM2o152016f0r ages 34 were it with a lognormal
prior -003@%4 =0=0. 0-20 fiawittda uhiform priardeveeen®.1 and 2.0.

Catchability
For all models theatchabilityfor the AFSC bottom trawl survay fit with a noninformative prior For
Models 17.xx.25 and 109.26the longline survegatchabilityis also urtorstrained For Models



17.09.31, Model 17.09.36, and Model 17.09.37 the AFSC longline survey catchalsidifdd without

constraint but parametefalso unconstrained) is included to modify annual \vahased on th€FSR

10cm indexthrough dinearrelationshipi 1

year0 is the expected catchability across all time apThe annuaCFSRi ndex and

parameterin September thisarameterization was explored for the trawl surveith somesuccessThis
relationship appeadegraded slightly when tH#017 survey data were introducétbwever,because the
AFSC longline survey is limited to deeper watiémgas reasoned that a change in Pacific cod depth

a ¢ 0 Y where Qis catchability for a given

b

would impact the longlineurvey more than the trawl surveyiven that changan Pacific cod depth

have been observedth temperaturgFig. 2.4), we explored models with longline catchability scaled

with the 10 cm CFSR index as well.

A simple linear analysis shows a significaslationship between the 10 @fSRindex and the AFSC
longline RPN index after a 4 degree polynomial trendrear (Y)is removed from th&PN index (see

below). The evidence rat{@urnham and Anderson 2014h)ows thatlthough the model with a

guadratt or cubic polynomiabn the 10 cm CFSR indgxovides a better fit, there is little difference

from the linear fit.

Evidence

Model AIC Jric li Wi Ratio
x=Y 636.5  23.65 7.32-06 0.000001 182,167.54
X=Y+Y? 623.65 10.8 0.0045 0.000565 295.21
X=Y+Y2+Y3 622.78 9.93 0.0070 0.001163 143.31
X=Y+Y?2+Y3+Y*4 617.32 4.47 0.1070 0.017832 9.35
X=Y+Y2+Y3+Y4+Y5 619.31 6.46 0.0396 0.006593 2528
X=Y+Y 2+Y3+Y4+| 613.75 0.9 0.6376 0.106271 1.57
X=Y+Y24Y34Y 44+ 2 612.85 0 1.0000 0.166667 1.00
X=Y+Y24+Y3+ Y41+ 2412 613.30 0.45 0.8004 0.133406 1.25
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Figure 12.1 Plot of AFSC longline survey RPN withdegreepolynomialand 4" degree polynomialith

10 cmCFSRindex fit.
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Variability in Estimated Age

Variability in estimated age in SS based on the standard deviation of estimatedvdgmhted least

squares regressidras been used in the past several assessments to estimateral#i@aship between
standard deviation and agéhe regression wagcomputed in 2011, yielding astimatedntercept of

0.023 and an estimated slope of 0.(0i72, the standard deviation oftiesated age was modeled as 0.023

+ 0.072x age) which gives a wightedR? of 0.88 This regression was retained in the present assessment.

Weight at Length
Parameters governing the weigdtitlength were estimatesltside the model using all availali®A
bottom trawl! surveylata through 201 5iving the following valus:

Value
a. 5.63B10°
b: 3.1306
Samples: 7,366

Maturity

A detailed history and evaluation of parameter values wsddscribe the maturity schedéite GOA
Pacific cod was presented in the 2005 assessment (Thompson and Dori\ 2008rbased matrity
schedule was used for many yedrke parameter values used for this schedule in the 2005 and 2006
assessmestwere set on the basis of a study by Stark (2007) at the following Vialugit at 50%
maturity = 50cm and slope of line&zed logistic guation = 0.222 However, in 2007, changes in SS
allowed for use of either a lengtiased or an ageased maturity schedulBeginning with the 2007
assessment, the accepted model has used draagée schedule with intercept = 4.3 years and slope =
- 1.963 (Stark 2007)The use of an ageased rather than a lengthsed schedule follows a
recommendation from the maturity studyés author (
personal communication)yhe agebased parameters were retained aphesent assessment.

Parameters Estimated Inside the Assessment Model

Parameters estimated conditibydi.e., within individual SSuns, based on the data and the petars
estimated independently) in the model include the von Bertalanffy growth gargraenual recruitment
deviations, initial fishing mortality, geapecific fishery selectivity parameteesdsurvey selectivity
parameterg¢Table 216).

The same functional form (pattern 24 for lengtdsed selectivity) used in Stock Synthesis tongetfie
fisheryselectivity schedules ipreviousy e ar 6 s awas wsadshis gedar both the fishery and
survey This functionalform, the double normais constructed from two underlying and rescaled normal
distributions, with a horizontal line gment joining the two @ks.Thisform uses the following six
parametergselectivity parameters are referenced by these numbers in several of the tables in this
assessment)

Beginning of peakegion(where the curve first reaches a value of 1.0)

Width of peakregion(where the curve first departs from a value of 1.0)

Ascending Awidtho (equal to twice the variance
Descending width

Initial selectivity (at minimum length/aye

Final selectivity (at maximum length/gge

Albut the fAbeginning of peakhewithsiae lograngfoamechame t er ar e
the other paameters are logiransformed.

ogrwWNE



I n t his ye aishryandsordegdlestivitteaverdiendthbased Uniform prior distributions
wereused for allselectivityparameters, except fdevvectorsin modes with annually varying
selectivities whichwere onstrai ned by i nput ofG2andard devi ati on:

For all parameterastimated within individual S&ins, the estimator used sviie mode of the logarithm
of the jointposterior distribution, which v&in turn calculated as the sum of the logarithms of the
parametespecific prior distributions and the logarithm of the likelihood function.

In addition to the above, thell set of yea- andgearspecific fishing mortality ratewerealsoestimated
conditionally, but not in the same sense as the above paraméiefsshing mortality rates are

determined exactly rather thanigsited statistically because 8Ssumes that the input tbtatch data

are true values rather than estimates, so the fishing mortality rates can be computed algebraically given
the other parameter values and the input catch data.

Likelihood Components

The model includes likelihood components for trawl survetiveabundance, fishery and survey size
composition, survey age composition, survey mean size at age, recruitment, parameter deviations, and
Afsoftboundsd (equivalent to an extremely weak pri
bounds), inital (equilibrium) catch, and survey mean size at age.

In SS, emphasis factors are specified to determine which likelihood components receive the greatest
attention during the parameter estimation prodessall modelslikelihood components were given an
emphasis of 1.0 in the present assessri@ntall models presented there were no parameters near bounds
and the likelihoods appear well defined with the gradient of the objective function at less-thahli10
models were examinda y jittdii n gtarthg parameterby 10% over 50 runs tevaluate ifmodelshad
converged tdocal minima.

Use of Sizeand AgeComposition Data in Parameter Estimation

Sizeand agecomposition data are assumed to be drawn from a multinomial distribution speaific to
particular yearandgearwithin the yearln the @mrameter estimation process, 8&8ghts a given size
composition observation (i.e., the size frequency distribution obdeémva given year argkea) according
to the emphasis associated with the respectivehideti component and the sample size specified for the
multinomial distribution from which the data are assumed to be diderset initial sample sizes for the
fishery at the number of hauls sampted200 whichever is leador the surveys both size angea
composition sample sizes were initially set at Fafr.all but two models (Model 17.09.36 and 17.09.37)
we did not tune the models. Fretwo tunedmodelswe implemented the Francis TA1.8 method
(Francis 2011)Model 17.09.36 watinedwith a singleiteration all of the Francis weights diagnostics
confidence intervals bracketéd) for the length and age composition d&atee sameunedweighings
wereusedin Model 17.09.37

Resul ts

Model Evaluation

The2016final model with data from 207 and n& model configurations are presentetieThewmodels
differed in datdrom the 2016 model (Model 17.08.2&)ddata weighting for Models 17.09.36 and

17.09.37 Thereforethese models could not be directly compared across likelihoods off AéOnodel
evaluation criteria included model adherence to biological principles and assumptions, the relative sizes
of the likelihood components, and how well the model estimates fit to the survey indices, the survey age
composition and conditional aglength data,easonable curves for fishery and survey selectivity, and
retrospective pattern. All models presented adequately estimated the vadaadance matrixModel
likelihoods and key parameter estimates are provided in TaldelZkelihoods by fleet are putded in



Table 218. It should be noted that not all models can be compared directly using likelihoods or AIC due
to differences in data and data weighting. Retrospective results, index RMSE and composition mean
effective sample sizes are provided in Tahii.

Comparing and Contrasting Model Configurations

The Model 5.09.25 was the exact configuration as Model 16.08.25 with the addition of the 2017 catch
and survey dataModels 17.09.251ad the same configuration, but the proportioning of fishery length
composition and the addition of ADFG port sampling length composition data for the pot fishery. Models
17.09.25, 17.09.26, Model DR.31and Model 17.09.36an be compared directly as the underlying data
and weighting are the same across models. Mod@9BB.and 17.09.37 have the same data as the other
models, however the data weighting is different such that comparisons of fits to the fishery length
composition data are not comparafdike results from the GOA Pacific cod stock assessment has been
particularly volatile with a widearray of models presented overthepdsfe ar s ( Adé mar and
2015).The models presented this year are well within the bounds of models presented in previous years
for the spawning stock biomass time series (F@)2The female spawning biomass and-8ge

recruitment for all the models considered this year are provided in Figi@ e Be fit to the size

composition data did not change the length at age substantially between model8{Fig.a&.nd wonot
considered imodel selection.

Model 17.08.25

The 17.08.25 configuration modeivas the data ahmodel configuration as used last year, but with the
addition of the 2017 surveys and finalized 2016 and partial 2017 catcfildeta.was a substantial change

in the spawmg stock biomass for the entire time series (Fig22Natural mortality and catchabilitgre

fit in the model, as well as dorshaped selectivity on both surveys distieries.Most of the change in

the scale of the recruitment time series was duect@mage in the estimate of natural morta{ij) in the
model.M wasestimated ab.44, below that estimated from last ye&0.47. Because of the loabundance
estimates from the trawl and longlisarveysin 2017,the model discounts length and age cosiion
supporting théarge 2012 year clasmdfounda more likely fit at lower recruitment numbers. Therefore

M can be lower without this large influx of 2012 fidhut requires the overall number of @yéshacross

the time serieto be scaled dowrmtcompensate for the lower.Mhe residuals around the 2012 and 2013
year classes in tHesherylength composition data become lardaut the cost in likelihood is regained in
fitting therecentbottom trawl and longlinsurvey data bette€Catchabilitywasestimated at 1&, near the

value from last year of 1.78uggesting thBIMFS bottom trawl survepverestimatefish abundance at the
lengths of peak selectivitfror sizes between 10cm and 80cm this translates into an average catchability x
selectiviy = 0.90compared to 0.99 estimated in 20Ibhe fit made littlechange in selectivity except

shift inthe trawl and longline fishery selectivity to the rigithe final time block (Fig. 33). The change

in Q causes a slight shifiowardin the overl estimate ofabundancewhile the shift in selectivity to the

right causes the model to estimate fewer large fish remaining in the population in proportion to the young
fish, causing an overall reduction in spawning stock biomass across the time series

Retrospective analysis results wea¢her poorcompared to last yedMo h n 6 s= 0 . M8o1h8n 6vss .
0.09) The low abundance and RPN indices drive the model this year to consider the 2012 year class to be
near average, however once these data are removed the modeld¢aa fit thagstimates this year class

to be well abovaveragdFig. 254) basel on their prevalence in the fishery length composition and survey

age composition data.

Overall this model seems to perform well, however the apparent anomaly that occurred between 2015 and
2017 with the steep reduction in ovemtiundance could not be predicted in this model nor is that process
explicitly captured in this model. The estimates of stock status from this model once the 2017 data are
incorporated appear to be reasonable. HoweneeR012 yeaclassestimatesare muchHower than in

previous assessmenidiese yeaclass strength estimates reflect the integration of variable natural

mortality that likely occurred over ages and time (following cohorts) given the constant natural mortality

Pa



assumed. That is, the yedassestimates reflect the resulting contribution to the spawning (and fishable)
biomass rather than the actual number of juvenilegeruit fish observedivailable evidence from

many sources suggest that the 2012 year class was highly abundant a8.ades lbwer estimate in this

model is an indication that there was higher mortality on this age class that exceeded the 0.44 M
estimated in the model. Although this natur al mo r
the estimates of the aent status of the stock is liketyl oser t o the current actua
projection However even though the current model predicts there to be a much lower abundance in 2018

t han | ast bgcauserthere is disagieerhent betweehitieproportiorof this age class in the

age and size composition data and the low overall abundance estimategaetisurvey data, the

model continues to predict an estimate of the survey index at a point highéralsamvey index

observation.

Model 17.09.25

This model is Model 17.08.25 with a change in the way fishery length composition data were

proportiored and the augmentation of thet fishery length composition data with ADFG port sampling

data when there were data missing by yearfaineaster Natural mortality was also fit in the model as a

l og nor mal using t he T hoBpith alof 0.412Natdral nortality remainedo f | o g
at 0.44in this modewhile catchability decreased to 1.&Hghtly dropping the average tchability x

selectivityfor sizes 10cni 80cm t00.89. Likelihood profiles of M appear to be well defined (Fi§3),

length and age composition data pushing the MLE to higher values, while the index data to lower values.

A likelihood profile over M and) show the fit with rather steep minimum (Figb3.with a broad

likelihood field with some points that could act as local minima, specifically one near M = 0.38 and Q=
1.0where older models had assumed to be at the.NTh&re were only small changestive fishery

selectivity between models as the fishery length composition distributions did not change substantially
(seeAppendix2.1). The model fit to the data are similar, however the fit to the longlineey RPN

indeximproved slightly and slightlyefraded to the bottom trawl survalyundance indef@able 2.B).

The largest change in fit, outside of the fishery length compositbi ch candét bewasompar e
an improvement of fit to both the bottom trawl survey age and length compositEofdat than 20

points each). The fit to the longline survey length composition was impacted only sigtglgnain

changes to the model results wadight decreasén the estimate of the 1990, 1999, 2002, 2008 and 2011

year classeand slight increasa the 20052007, 2009 and 2010 year classes and subsequent small

change in spawning bioma@sg. 255).

Examination of data impacts within the model were conducted where the AFSC bottom trawl survey and
AFSC longline survey data were removed from the éh@ig.258). The impact of taking out the bottom
trawl survey was an increase in recruitment with an increase in M to 0.46 from 0.44 and an affective
change in the survey Q to 1.91. Taking out the bottom trawl survey also inflates thelmoeratis

estmates for 197722000and ends in a higher spawning biomass in 2017. Removing the AFSC longline
survey from the model results in little change in estimates of M and Q, recruitment varies only slightly
from the run with the longline survey included, mosiabt the 2011 and 2012 year class estimates are
smaller. Impacts on spawning biomass are primarily manifested in the final 5 years with lower biomass
estimates overall.

The retrospective analysis (Fich2) show substantial improvements over Model 17882 The Mohnoés
was approximately 1/3 d@hat fromModel 17.08.2%ndimprovements to each of the measures of

retrospective performance for both the spawning biomass and recruitment eqflrable2.8). The

female spawning biomass retrospective perforreavas well within acceptable standafd$.2)

proposed by Thompso2@16. Overall model results were similar between this model and Model

17.08.25 and the 2012 year class remains an issue in the retrospective analysis where its abundance is

greatly irflated as the 2017 data are removed fromthemddeli s causes a high esti m
age0 recruits (0.9Jor this model



Model 17.09.26

There are two main differencesModel 17.09.26rom Model 17.09.25There isa time blockon M for
20152016 which allows M to be fior these years.rawl and bngline selectivity isllowed to vary

annually for 19771989,modeled with an annual deviation of @2 the fit parameters$n addition M in

the model idixed for all years except for the 202016 block at the Thompson (2017) prior of 0.44, and
alowed to be fit in the 2022016 block as lognormal wih | e0g (8¢l) =an dThiswasan0 . 4 1 .
addition of 65 parameters over Model 17.09.25, 63 of which were annual deviation in fishery selectivity.

Model17.09.25 Modell7.09.25 Modell17.09.25 Modell7.09.26
W/Sel. change W/M Block

Parameters 134 191 135 192
Likelihoods
Total 1672.59 1624.40 1643.03 1598.34
Survey 24.84 24.81 9.15 8.41
Length Compositior 1102.86 1052.32 1099.83 1047.31
Age composition 547.62 538.96 540.65 538.34

Because data and weighting were the same between Model 17.09.25d@ldLM09.26AICs and
likelihoodscould be compared he overall fit to the data was improved with a change in AlB.G#4.

Fitting the model in a stepped fashion show each of the components changed from Model 17.09.25
Improved the model, but in diffemeéways. The addition of the annually varying selectivity improved the
fit to the trawl and longline fishery length composition while the addition of the block on natural
mortality improved the fit to the surveys. In gengeaery component of the modehen both these
changes were implementsdowed an improvement in {iTable 2.7 and Table 2.8), except the survey
length composition data which remaineftectivelythe same with only a +0.@hange in a likelihood

from 132.74 to 132.78nd the pot fishiy length composition with dl.65 change in likelihood from

211.3 to 209.65Allowing annually varying trawl and longline selectivity in 19Y989provided a better

fit to the earlytrawl and longlindishery length compositiodata(Fig. 260) and causeé the model to fit
much lower recruitment in 1971980, higher recruitment in 1981 and 194BR). 262). M for the 2015

2016 block increase to 0.88 and catchability dropped to 1.57 for all years. This resulted in an average
catchability x selectivity foriges 10cni 80cm of 0.87.The increase iM caused an increase a@dish

in 20062016 over the Model 17.09.25 estimates therefore fitting the length and age composition better
for the 2013201 7while also fitting the steejmcrease in abundance in 2088 subsequerdrop in
abundance observed in the 2017 AFSC bottom trawl and longline siettsgFig. 261) in comparison

to previously described modelélthough the model fit to the AFSC longline survey RPN index is
improved over previous modekhefit remains somewhat problematic as the model doe®imiv the

dip in the index between 2011 and 2@t& none of the models fit the high (but uncertain) 2009 estimate
from the bottom trawl! survey.

Retrospectiveatterrs inthe recommendeshodel weremuch better than previous models watMo h n 6 s

| -6.004 for female spawning biomass and 0.004 for recruitméris model hadhe best retrospective
index valuef all modelspresented this yedfable 2.8). However the index measures the mean and
plots of the retrospective reveal wide dawes from the end year estimate as data were removed (Fig.
2.63). The end year spawning biomass and end year number-Gtvagedbetween higher and lower

than the final run as years of data were removed without a consistentditesfdhe retrospecte runs
estimate the 2012 year class to be weaker than the end model suggesting that Model 17.09.25 may be
overestimating M in the 2013016 block.

Model 17.09.31
Model 17.09.31 differs from Model 17.09.26 in that both natural mortality blocks ardtitwiore
constrained lognormal distribution having@or with| o g ¢0s8)ardld  =,@nd & parameter modeled



with a uniform prior was used to scale longline catchability with the CFSR bottom temperature index
anomalies.

Because data and weighthgere the same for Model 17.09.25, Model 17.09.26 and Model 17.09.31
AICs and likelihoods could be compared direcifjodel 17.09.3thad an additiona8 parameters over
Model 17.09.25 an8 parameters over Model 17.09 26dchanged the AIC by32.50 and24.22,
respectively All data components had an improved fit over Model 17.09.25exoepting the AFSC
longline survey length composition dakdodel 17.09.2@Table 2.7 and Table 2.8). The difference in

fit to the length composition data between Mati2l09.26 and Model 17.09.31 were nearly negligible for
all components except the longline fishery data which had an ovapibvement of 13.9 LLthe other
components changed by less than 3 points each. Similarly the change in harmonic mean ofitieeN\effect
between Model 17.09.26 and Model 17.09.31 length composition data were negligible except for the
longline data (Table 2.18). Thediio the AFSC bottom trawl and AFSC longline surveys were greatly
improved in Model 17.09.31 with the addition of teenperature index on longline catchability (Table
2.18 and Fig. 264). Like all previous models the increase in mean size in 2005 and 2006 in the trawl
fishery is not fit(Fig. 260). This apparent change in mean size is due to early fishery closurgeahat
which restricted the trawl fishetp the Aseason when the fishery can targegier fish in spawning
aggregationsThe predicted values for the longline surveyiadel 17.09.3Xor 20162017 show a

marked improvement in fit with the expected valtising to a peak in 2010 with a dipping plateau
between 2010 and 2015, then a sharp drop to @g7259). This compared to the shallow rise then fall
of abundance in Model 17.09.26 which misses 3 of the 8 RPN confidence intervals. This additional
flexibility in fitting the longline survey also improved the trawl survey fit to the 2009 and 2015
abundance estimates over Model 17.09.26.

Natural mortality in Model 17.09.31 was estimated for the standard years at 0.48 and-2026 Hs
0.69. This increas@ natural mortality caused the overall estimates forGafish to bencreasedFig.
2.61) and the reduced estimate of M for 2Bl 6decreasede estimate of the 2012 year class in
relation to other year classeger Model 17.09.2GFig. 265). Catchability for the AFSC bottom trawl
survey dropped to 1.48, this resulted in an average catchability x selectivity for sizets 80cmm of
0.78 in this survey. AFSC longline survey catchability ranged from 1.4 to 2.7 (&8 wath increase
catchability h warm years and lower catchabilitycold years. This matchéatafrom the bottom trawl
surveyshowing Pacific cod moving deeper in warm yd&ig. 2.4) making them more available to this
survey which hgon averagedeeper stations than the AFSCtbat trawl survey.

The retrospective indices were degraded from Model 17.09.26 and, although slightly better, similar to

Model 17.09.25. The difference in the retrospectives compared to Model 17@& 26the larger

difference in the estimated 20@B12year classes in comparison to other year classes as data are

removed. In Model 17.09.31 once the 2017 data are removed the 2012 year class estimate increases to
over a 100% difference from the estimate with the 2017 data v2086decreaséen Model 17.®.26.

Al t hough the overall differences in end year esti
end up being higher because there is a small positive bias in the retrospeitéva Mbdel17.09.26 the
retrospective estimates bracket the finalneate evenly.

Model 17.09.35 and.7.09.36

Model 17.09.8 and Model 17.09.3@ifferedfrom Model 17.09.31 in that a time bloales added to the

longline and trawl fishery selectivities for 20@806. This block was added to address the lack of fit to

the lergth composition data during these two years when the fishery was closed earlier than normal and a
B-season fishery was greatly curtailedModel 17.09.36 differs from Model 17.09.35 in tsate

composition multinomial sample sizes were tuned using iéwecks TA1.8 method (Francis 2011).

The AIC between Model 17.09.2nd 17.09.8 changes by58 (Table 2.17) The only substantial
difference betweethe two models were an improvement to the fit to the trawl fish8BALL) and
longline fishery {8 LL) length compositioiiTable 2.18 and Fig.87). The improvement to the trawl




fishery was primarily due to a better fit to the 2005 and 2006 length composition data as eXjpected.
threeotherlength compositionlatasetsvere improved minimally. There wasdight degradation to the
fit to the trawl survey indef +1 LL) and age composition (< +2 LEd an insubstantial improvement
to thelongline survey index<{-1LL; Table 2.18nd Fig. 266). Harmonic mean effective Ns for the
length composition dataveal similar trend with a larger effective Ns in the all length composition
components, but overall a rather small improvement to the model fit.

In essence the improvement in fit did not translate into substantive differences in model results (Fig.
2.66). Besides the change in selectivity for 2606,theM6 shiftedupward and Q downward by less
than 0.01. Thsesmallchangesnade a small upward adjustment in recruitment across the entire time
series. However thehange in selectivity caused tR@01-2003 to beestimatedslightly higher in relation

to ather recruitment years, decreasthg decline irspawning biomass observed2@052008compared

to Model 17.09.31.

The Francis tuning adjustments implemented were 0.387, 0.594, and 0.425 for tHendink, and pot
fishery length composition data and no adjustment for the AFSC bottom trawl or longline survey length
or age composition data. The tuning caused the both Ms to shift downward by < 0.01 to values very near
those fit in Model 17.09.34and atchability to be fit at a higher valu® =1.56 for the trawl survey and
between 1.5 and 1.8 in the longline survEle tuning minimally improved the fit to the AFSC bottom

trawl survey and longline length and age composition data measured both byaseeédn negative log
likelihood and an increase in the harmonic mean effective sampl@aizie 2.18 and Table 2.19he
harmonic means of the effective sample size for the fishery size compositions decrease as one would
expect with the decrease inigfet in the multinomial. Interesting however is that thedels fit the

AFSC bottom trawl survey marginally better (< 0.7 LL) and the AFSC longline surveys worse with an
increase of 2.29 LL. The change to the AFSC longline survey fits were primarily1038e¢2003, 2010,

and 2015 values which were at the peaks in temperature and therefore longline catcHabiihange

in model fit to the early part of the fishery length composition data increase the 1977 and 1978 spawning
stock biomass and decreaskd peak spawning biomass in 19885 in relation to the overall time

series impacting the estimate®100

Retrospectives for Models17.09.35 were slightly wense for Model 17.09.36 slightly bettéran Model
17.09.31(Table 2.19 and Fig. @8), howeve the retrospective results for the spawning biomass deries
all three modelsvere within acceptable limits. Like the other models we stdliharease uncertainty
around the 2012 year class as the 2017 surveywdmeremovedAll of the models (exgat Model
17.09.26) consistently overestimathe 2012 year class as data years wersoved from the model.

Model 17.09.37

Model 17.09.37 differs from Model 17.09.36 in how natural mortality was parameterized. In this model
M is fixed for age 0 at 0.7%hen linearly modeled between knots with knots at age 1, and age 5. Two
parameters fit with a uniform prior scaled the age 1 and age 5 natural mortalities with the 10 cm CFSR
bottom temperature index. In addition a time block was added to natural tydoa20152016 to allow
additional change to M in these years when natural mortality was theorized to have been higher than
normal. Model 17.09.37 was introduced this year simply as an introduction to the concept of variable M
conditioned on the enviroment. The early life history of Pacific cod and apparent sensitivity to
temperature make this species a prime for exploring this model type. If vetted properly this model could
be expanded as an enhance model to predict impacts of climate change on G4 cmde easily
incorporate larval surveys and other early life history indices in the model.

Model 17.09.37 has an improved AIC over Model 17.09.385#68 and the best fit of all the models to

the AFSC trawl survey index. The fit to the model shoaédighly dynamic M (Table 2.20 and Fig69)

with higher natural mortality in the warm years and much lower natural mortality in the coldi@ars

agel this varied from a high in 2015 of 1.72 (duri:r
of 0.27 in 2009 (coincident with tHéast year of thevery large 2008 year classht above agé M varied



much less with a high in 2015 of 0.5 and low of 0.34 in 200@. average natural mortality for afjd¢o

age 14 over 1972017 was estimated at M = 6.4The variable M had the greatest improvement to fit on
the AFSC bottom trawl survey index. There were only marginal improvements to the AFSC longline
RPN index and length and age composition data. Inde$RNMproved for both surveys hile

harmonic maneffective N for all but the trawl survey length composition were smaller than in Model
17.09.36 Catchability in both the AFSC bottom trawl and longline surveys increasévimaizl 17.09.36.
Catchability in the AFSC bottom trawl survey was estimatdd7& resulting in the average catchability

x selectivity for sizes 10ciin80 cm of 1.00

The retrospective indices for Spawning stock biomass were in essence the same as Model 17.09.36 (Fig.
2.72), however the retrospective indices for the recruitmerd 8aries was somewhat improved (Table

2.19) with estimates for the 2012 year class remaining within 95% confidence intervals for the entire
retrospective series.

Impacts on the model results show a less variable recruitmentasdbe variability in inial abundance
was modeled ashanges in natural mortalitfable 220 and Fig. 271). However the 2012 year class is
estimated to be as large as the 1977 year class. Due to the lower oezegjeaM and higher Q the
spawning stock biomassaser the tine series is estimated to be lower. This model likely provides a
more realistic view of the processes impacting recruitment, however our ability to project the model
results is limited for short term (i.e-15 year projections) for use in management

Sdection of Final Model

Comparing likelihoods oAIC among all the modelsas appropriatéor Models 17.09.25, 17.09.26,
17.09.31, and 17.09.35. Although there was considerable difference in model configuration, particularly
concerning how natural mortalityas handled for 2028016, fits and model results ended up beiagy
similar. Using the AIC statistic Model 17.09.35 had the best fit. The largest improvement in fit was
largely due to due to the better fit in the 194889 when annually varying seledtivwas implemented

for these years in the fishery. The largest improvement in fit to the abundance indices was due to the
addition of the time block on fitting natural mortality in 262316. This drop may have been ofiein

Model 17.09.26 as this ibe only model where 2012 recruitment decreases in the retrospective analysis.
Model 17.09.35 and Model 17.09.36 differ simply in fishery length composiiidtinomial weighting.

The nontuned model (Model 17.09.35) fits and results were between thosedit®sults generated from
the two tuning methods commonly used. The McAlister and lanelli (1997) method tended to result in a
model with higher weights on the size composition data, while the Francis TA1.8 (2011) method placed
less weight on these dafzhe McAlister and lanelli method resulted in a worse fit to both the indices and
much tighter fits to the composition data. There is not a consensus on which method is best for Stock
Synthesis like models, as the-tumed model ends up being a compromisevieen the two, the authors

feel this is the better option at this time. It should be noted that results from the three methods were
comparable. We therefore recommend using Model 17.09.35 as the reference model fédI2Bxbgk
Synthesis files for Moel 17.09.35 are provided in Appendix 2.3.

Model 16.0.35 diagnostics and Suggestions for Future Improvement

Survey Indices
Model 16.®.35fit to the NMFS bottom trawl survey was within error bounds of the survey estimates for

all but the 2009 and017suvey (Fig. 266). Given the available length and age composition data, the

model was not able to increase abundance enough between 2007 and 2009 to match the large increase in
abundance between these two sunamg the model could also not fit the sharppdin abundance

between 2015 and 2017 and retain a good fitédongline survey RPN index which had a relatively

high value for 2016Comparison of total biomass predictions and AFSC bottom trawl survey abundance
estimates are relatively closely matdier the 19962017 values with predictions at 1.38 times the

survey estimates (Fig.Z5) , an effective fAcatchabilityo of 0.71.



Model 17.09.35 fits theAFSClongline index wellFig. 266). The improvement was primarily due to

fitting it with the 10cmCFSRbottom temperature index. This addition allowed the model to increase
overall biomass in warm years and decrease it in cold year, better fitting the spikes and valleys observed
in the index as well as the overall decreasing trend observed with thengdrerid in the temperature

index for 19962016. An exploratory model with the IPHC longline index includsithg selectivity from

the bottom trawl surveghowed essentially no difference in model fit and results once the temperature
index was used to seathe AFSC longline survey catchabil{yig.2.73). A standardized IPHC RPN
indexwasthen nearly identical to the predicted values from the bottom trawl survey for20Q&&om

Model 17.09.35Fig. 2.74). The IPHC longline survey RPN index will likelyekadded to the assessment
model in 2018 as it is an annual model and will help offset the uncertainty in this model due to the AFSC
bottom trawl survey being biannual.

Length Composition

Selectivities in Model 7.09.35 wereallowed to bedomeshaped, exqs for the 199€2017 longline

fisheries and 202201 7trawl fisheriegFig. 2.76). Overall model predictions of the length compositions
closely match the data for all componeffigy. 2.79). For the trawl fishery the model predictiaifsg.

2.67 andFig. 278) although matching the mean length widhdedto underestimate the high peaks of

the distributions and overestimate either side of the p&alesaddition of the 2008006 block on the fit
selectivity parameters allowed the model to fit these twosyleetter than any of the alternative models
without the time block. This improved the fit not only to these year, but the surrounding years as well.
Predictions of the longline fishery length composition (Bi§7 andFig. 2.79) were well fit but similaly
underestimated the high peakssome ofthe distributions, buthatched the mean length very wéil.

addition when the distributions tended to be bimodal, the model tended to predict a single mode between
the two modesPredictions of the pot fishetgngth composition (Fig. 80) were also very well fit, again,

like the trawl and longline fisheries the high peaks of the distributeorded to beinderestimatedrhe

mean length for the pot fishery data were well matched fgealls For the fisheryength composition,

there really is no need for improvement, residuals were small even for the minimal discrepancies noted
above for the peak modes.

Model 17.08.35 matched the NMFS bottom trawl survey length composition data mean lengt(Sigvell
2.81), however small fish (suB7 cm) high modes although identified were not always matched in
magnitudeThe sub27cm modes in 1996, 2007, and 2009 were estimated lower than observed while a
predicted mode for sub7cm fish in 2011 was not observed in the datew peak modes were
underestimated, but in general the larger fish were well predicted by the nddélre years, we may

use models similar to Model 17.09.37 with age and year specific M to examine how these missed peaks
correlate with mortality eves and how these impact overall model performance.

Although the selectivity for Model7.09.35 Auke Bay Laboratoryength composition datgrig. 2.82)
werenot time varying, th@redictiors matched the data well. The 2Qdrg@dictionwasthe onlyonethat
didndét f it wiedndebaunds ditee nandendgthis wds likdly due to smaller fish
moving to deeper waters in this very warm year. For this survey in the future fitting the selectivity
parameters on the CFSR temperature index, similaowocatchability is parameterized, should be
explored.

Age Compositionand LengthatAge

Even though the shelf survey age composition data were fit using the length composition seleifivity
2.76) in Model 17.09.35 age composition predictions matchte data well (Fig2.83). Mean age
predictions all fell within the confidexe bounds of the data (Fig83).

Model 17.09.35 has nortime varying growth (Fig. 85). Fits to theéngthatagedata are within the
error bounds for most ages (F&86), however there appears to be some iaterual variability that was
not captured in this model. For instance Pacific ca2Diland 2015 were predicted in Modiel.09.35

to be larger at age than the data show for the oldest fish, while 2005 the oppsditgewahisnaybe



improved with annually varying growth, however data for}380 data are not available, and therefore
modeling interannual variability prior to 1990 is not possible.

Mean length and weight at age from Motiél09.35 are provided in Tiale 224.

Time Series Results

Definitions

The biomass estimates presented here will be defined in two Wagtal biomass was defined age 0+
biomass, consisting of th@omass of all fish aged 0 years or greater in a given year; and 2) spawning
biomasswas defined ashe biomass of all spawning females in a given yEae.recruitment estimates
presented heneasdefined as numbers of agefish in a given yeamactual recruitment to fishery and
survey depends aelectivities as estimated (notingiththere are no indices involving agdacific cod)
All results presented are from Modif.09.35.

Biomass

Estimateof total biomass were on averat#®l% higher than th&IMFS bottom trawl surveyotal

biomass eathates. Total biomasgstimateshow a Ilmg decline from their peak 885,807t in 1989

(Fig. 287) to 237,086in 2006and then an increasedaother peak in 2010 of 345,269 t then decrease
continuously throug2018. With average recruitment in 2017 total biomass would be expected to begin
to increase again in 2019 (note that there is no information currently on the 2017 recruitment size).
Spawning biomass (TableZ3) shows a similar trend of decline since the late 1980s with a pd&I9th
at190,465 toa low in 2008 of 54, 470 t. There wdaen a short increase in spawning biomass coincident
with the maturation of the 20008 year classes in 2012 of 89,920 t, after which the decline continued

to lowest level 0f35,824t projected for2018. Projectiond r om | ast vy e aanihaeaseindel sho
spawning biomass as the large 2012 and 2013 year classes mature, but then decrease starting in 2018 due
to poor recruitment since 20{Barbeaux et al 201Gable 2.1%.Thi s year 6 s model takes

the new survey indices which show a stdepline in abundance and biomass since 2015, suggesting a
substantial increase in natural mortality for these two year classes in 2015 and 2016. This decrease in
these two year classed greatly reduced the current spawning biomass estimate and furdsethedu
projection into 2019 and 2020. With future fishing in 2018 and 2019 limited to 17,000 t the projected
spawning biomass are projected to be neard 34,443 t and 33,796 t.

Numbers at age and length gieenin Appendix 2.2and shown in Figure.28 and available online at:
(http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xIsx

Recruitment and Numbers at Age

The recruitment predictions in Mod&Y.0935 (Table 222, Fig. 289 and Fig. 290) show largel977,
1984,and 2012%/earclassewith more thar0.9billion (atageO) fish for each .945billion for 1977,
0.975 for 1984and0.902billon for 2012 althoughuncertainty on the 197a8nd 1984yearclassedimates
werel ar ge=02 % 5 asn=d.270). Largeyearclasse£<0.7 billion age0) were also estimated
for 1982, 198, 1987, 198, 190, 2006, and 2008etween 1990 and 2010 the average recruitment was
estimated at 8.billion, 29% lower thante 19771989 mean recruitment of A5 billion and10% lower
than the 197-22016mean recruitment of 857 billion. Note that in models whei wasnot fit
separately for 2022016 the 2012 year clagss11% above the 1972015 mean, while in Model
17.09.%, where M is fit separatelipr 20152016,the 2012 year class 8% above the 19727015 mean
(Fig. 291).

Fishing Mortality

Fishing mortality appears to have increased steadily with the decline in abundance from 1990 through a
peak in2008 with continue high fishing mortality through 2016 all modelsexaminedTable 2.3). This

period saw both a decline in recruitment paired with increases in catch. The largest increase in catch has


http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx

been in the pot fishery, which also shows the largest increasetinumrs F (Fig. 24). The phase plane
plot (Fig. 293) shows that F was estimated to have kefgove the control rule advised levels but below
Fssefor 2008 and 20% andbiomass was beloWssyin 2008 and 209 and again 2016 and 2017 and
projected to beddow through 2019

Retrospective analysis

Estimates of spawning biomass for Mod&109.35 with an ending year &2007through 20% arenot
consistently biaseffom 1984 through 200(have a consistemegativeadjustmentfom 20032015and a
positiveadjustment pos2015as more data are includ@eig. 267). Relative differences in estimates of
spawning biomasand recruitmenshow the same pattern fibre more recent years

MCMC results

MCMC were conducted with 1,000,000 iterations v@®,000 burrin and thinned to every 580
iteration leavindL,300iterations forconstructinghe posterior distributions. GewekE92)and
Heideberger and Welch (1983) MCMC convergence tests, as implementedcivdida® library
(Plummeret al.2006), concluded @&djude convergence in the chain (Fig94. Posterior distributions of
key parameters appear well defined and bracket the MLE estimates (Takda@=22@. 295). Posterior
shows a 0.054% probability of the spawning stock biomass being betaMr@n the pojection model
(Fig. 296).

Harvest Recommendations

Amendment 56 Reference Points

Amendment 56 to th&OA Groundfish Fishery Management Plan (FMP) definesgidiverfishing leved
(OFL), the fishing mortality rate used to set OFgd ), the maximum permigide ABC, and the fishing
mortality rate used to set the maximum permissible AB fishing mortality rate used to set ABC
(Fasc) may be less than this maximum permissible level, but not gr8ateause reliable estimates of
reference points related maximum sustainable yield (MSY) are currently not available but reliable
estimates of reference points related to spawning per recruit are available, Pacific ed@@#tlhave
generally beemanaged under Tier 3 of Amendment Bi&r 3 uses the followingeference pointBaoos,
equal to 40% of the equilibrium spawning biomass that would be obtained in the absence ofHisRing;
equal to the fishing mortality rate that reduces the equilibrium level of spawningcpeit to 35% of the
level thatwould be obtained in the absence of fishing; &agl, equal to the fishing mortality rate that
reduces the equilibrium level of spawning per recruit to 40% of the level that would be obtained in the
absence of fishingl'he following formulae apply under Tier 3:

3a) Stock statusB/Baos> 1
ForL = Fasu
Fasc < Faou
3b) Stock statusd.05< B/Bsw< 1
ForL = Fas%° (B/B4o%- 00@ x 1/0.95
Fasc < Fao003 (B/B4o%- 0.03 x 1/0.95
3c) Stock statusB/Baoyw < 0.05
Forr=0
Fasc=0



Other useful biomass reference powtsich can be calculated using this assumptiorBagg, and Bzsos,

defined analogously tBsow These reference points are estmad as f ol |l ows, based on
Model 17.09.36:

Reference point: Bssw Baow B1oo%

Spawning biomass 58,984t 67,411t 168,528t

For a stock exploited by multiple gear types, estimatidrs@fandFaos requires an assumption
regarding the apportionment of fishing mortality among those gear fypethis assessment, the
aportionment was b a6sestidhates of figshihgnogality by geardos therfivathst |
recent complete yearsf data 2011-2016). The average fishing mortality rates for implied that total
fishing mortality was divided among the three main gear types according tdldherfg percentges:
trawl 30%, longline20%, and pob0%. This apportionment results in estimate$-a, andF 0% equal to
0.824and 0657.

Specification of OFL and Maximum Permissible ABC

Spawningbiomass foR018i s est i mat ed by 36,hobtsThisishelawtheBspvalitke ! t o b
of 67,411t, thereby placing Pacific cod in stierfbd o f  Giverethis, tBe.modadstimates OFL,

maximum permissible ABC, and the associdisding mortality rates fa2018and 209 as follows

(2019 values are predited orthe assumption th&018catch willbe 18,000 t, belowmaximum

permissible ABC)

Units Year Overfishing _ M_aximum
Level (OFL) Permissible ABC
Harvest amount 2018 23565 19,401
Harvest amount 2019 21,416 17,634
Fishing mortality rate 2018 042 0.34
Fishing mortality rate 2019 0.40 0.32

The a@e 0+ biomass projections f@018and 209f r om t hi s vy 78365tand®d,/d Ext,| ar e
respectively.

ABC Recommendation

Since 2008 the GOA Plan Team and S%B6recommended setting the ABC at the maximwmpssible
level under Tier 3Biological reference points fro@OA Pacific cod SAFE documents for years 2001
2017are provided in Table 27.

However following this practice, this yeadmsximumABC for 2018would push the stock belowsds;

in 2019, theefore we recommend reducing the recommended AB®,@DQ to maintain the stock above
B2ow in 2019(Fig. 297). Similarly, the maximum ABC for 2019 would push the stock below:ih

2020, we therefore recommend setting the ABC for 2019 at 17,000 teawhich keeps the SSB above
Bzo%in 2020.

Area Allocation of Harvests

For the past several years, ABC has been alloeatenhg regulatory areas the basis of the three most
recent surveyslhe previous proportions based on the 20093 surveys were 33Western, 64%

Central, and 3% Eastern. In the 2013 assessment, the random effects model was used for the 2014 ABC
apportionment. Using this method with the trawl survey biomass estimateghR@iy, the area

apportioned ABCs are:



Western Central Eastern Total
Random effects area o
apportionment 44.%% 45.1% 10.C% 100%
2018 ABC 8,082 8,118 1,800 18,000
2019 ABC 7,633 7,667 1,700 17,000

Standard Harvest and Recruitment Scenarios and Projection Methodology

A standard set of projections for populationssainder alternatives were conducted to comply with
Amendment 56 of the FMP. This set of projections encompasses seven harvest scenarios designed to
satisfy the requirements of Amendment 56, the National Environmental Protection Act, and the
MagnusonrStevens Fishery Conservation and Management Act (MSFCMA).

For each scenario, the projections begin with the vect®@bf numbers at age estimated in the
assessment. This vector is then projected forward to the beginr2@d ofising the schedules of natural
mortality and selectivity described in the assessment and the best available estimate of tatat)year
catch for2017(here assumed to 4&,940t). In each subsequent year, the fishing mortality rate is
prescribed based on the spawning biomass irydaatand the respective harvest scenario. In each year,
recruitment is drawn from an inverse Gaussian distribution whose parameters consist of maximum
likelihood estimates determined from recruitments estimated in the assesgmiwpear the recruitments
were pulled from Model 17.09.35 with the 262616 natural mortality block was set at the standard M
value (Fig. 291 and Table 28). This is thought to be consistent with past practices fatetsavith
single Ms throughouSpawning biomass is computiedeach year based on the time of peak spawning

and the maturity and weight schedules described in the assessment. Total catch is assumed to equal the
catch associated with the respective harvest scenario in all years. This projection scheme is run 1,000
times to obtain distributions of possible future stock sizes, fishing mortality rates, and catches.

Five of the seven standard scenarios will be used in an Environmental Assessment prepared in conjunction
with the final SAFE. These five scenarios, which @esigned to provide a range of harvest alternatives

that are likely to bracket the final TAC f@&018
permissible value df.c under Amendment 56):

ar e

amaxF.od | owf ¢ Ms t

Scenario 1In all future yearsk is set equal tonaxF.... (Rationale: Historically, TAC has been
constrained by ABC, so this scenario provides a likely upper limit on future TACs.)

Scenario 2In all future yearsk-i s

set

equal

t o

t he

aut hor 6s

o the

recomme

of strong recruitmerand a projected increasing biomass, the recommendation is set equal to
the maximum permissible ABC.

Scenario 3In all future yearsk is set equal to th2011-2016 averagd-. (Rationale: For some stocks,
TAC can be well below ABC, and recent aver&gmay provide a better indicator &fac

thanF,ec.)

Scenario 4In all future yearsk is set equal to thEzse. (Rationale: This scenario was developed by the
NMFS Regional Office based on public feedback on alternatives.

Scenario 5In all future yearsk is set equal to zero. (Rationale: In extreme cases, TAC may be set at a

level close to zero.)

Two other scenarios are needed to satisfy the MSF@&MAquirement to determine whether a stock is
currently in an overfished condition or is approaching an aheetl condition. These two scenarios are as
follows (for Tier 3 stocks, the MSY level is definedBasy):

I



Scenario 61In all future yearsk is set equal t&or.. (Rationale: This scenario determines whether a stock
is overfished. If the stock is expectiedbe abovdalf of itsBusylevel in2017and above its
Busylevel in2027under this scenario, then the stock is not overfished.)

Scenario 71n 2018and 209, F is set equal to max FABC, and in all subsequent years, F is set equal to
FOFL. (Rationale: Tis scenario determines whether a stock is approaching an overfished
condition. If the stock is 1) above its MSY level2@i19or 2) above 1/2 of its MSY level in
2019and expected to be above its MSY leve2@?9under this scenario, then the stock is
not approaching an overfished condition.)

Scenarios 1 through 7 were projected 13 years 20177in Model 17.06.3%Table 229). All scenarios
including scenari® (no fishing) project the stock to be belBg., until 2022, scenarios 2, 6, and 7
have tte stock belowBzsy until 2023.Fishing at the maximum permissible rate indicate ti@ispawning
stock (Fig. 297) will bebelowBssyin 2018 through2023 due to poor recruitmemind high natural
mortality post2008. Under an assumption of mean recruitinite stock recovers abotasy by 2023

Our projection model run under these conditions indicates that for Scenaric@®#Pacific codstock
although belovBssyin 2017 at 40,32%ill be above its MSY value in 2G2at 63,043t and therefore is
not owerfished.

Projections 7 with fishing at the OFL aft&d19results in an expected spawning biomass2)643t by
2029 These projections illustrate the impact of th& recruitment in 2014 and 2015o0r example, under
all scenarios, the spawning biomasexpected to continue drop due to the low recruitments p@§08
and high mortality of the 2032013 recruitmentanddecreasing influence of ttgh 20052008 year
classes and then levels off as the projection relies on mean recruitment.

Under Scearios 6 (Fig. 27) and 7 of th&017Model 17.09.35 the projected spawning biomass ulf
of Alaska Pacific cods not currently overfished, nor is it approaching an overfished status.

EcosysGoemmsi der ations

Ecosystem Effects on the Stock

Foodweb dyhamics in the Gulf of Alaska (GOA) are structured by clinthteen changes to circulation
and water temperature, which can impact the distribution of key predators in the system and mediate
trophic interactions. Recent evaluation finds evidence for stiaotyweb responses to perturbation in the

GOA and indicates a dominance of destabilizing fo
structure, perhaps more prone to dramatic reorganization than the [Bering Sea], and perhaps inherently
lessprdi ct abl edo (Gaichas et al ., 2015).

Predation is a major structuring pressure in the GOA ecosystem. Prey and predators of Pacific cod have
been described or reviewed by Albers and Anderson (1985), Livingston (1989, 1991), Lang et al. (2003),
Westrheim (1996)Yang (2004), and Gaichas et al. 2015. The composition of Pacific cod prey varies
spatially and with changing environmental conditions. In terms of percent occurrence, some of the most
important items in the diet of Pacific cod in the BSAI and GOA haea Ipelychaetes, amphipods, and
crangonid shrimp. In terms of numbers of individual organisms consumed, some of the most important
dietary items have been euphausids, miscellaneous fishes, and amphipods. In terms of weight of
organisms consumed, some of thest important dietary items have been walleye pollock, fishery offal,
yellowfin sole, and crustaceans (including Pandalidae and Chionoecetes bairdi). Predators of Pacific cod
include Pacific cod, halibut, salmon shark, northern fur seals, Steller seaHaybor porpoises, various
whale species, and tufted puffin. Major trends in the most important prey or predator species can be
expected to affect the dynamics of Pacific cod (Gaichas et al. 2015).



The marine heat wave of 202416 in the Northeast Péiciwas unusual in the degree of temperature

increase, the maintenance of warm water through the winters and the depth to which the warm
temperatures reached (Bond et al 2015). Metabolic demand for ectothermic fish like Pacific cod is largely
a function ofthermal experience and tends to increase exponentially with increasing temperatures. Fish

can minimize metabolic costs through behaviors such as movement to thermally optimal temperatures, or
can increase consumption of food energy to meet increasingatietdemands. The former requires

access to thermally optimal temperatures, which may have been impacted by the recent marine heat wave.
The latter requires sufficient access to abundant or high energy prey resources. Thus, if either is limiting,
metabolc costs may exceed energetic consumption and decreases in growth or increases in mortality may
occur.

In fact, for Pacific cod in the GOA during the anomalously warm years of2014, prey demand was
elevated above loAgerm mean estimates, and peake#0a6, according to adult bioenergetic model
estimates of relative energetic demand (Ei§8. Based on water temperatures at preferred depth,
metabolic demand was greatest for 10 cm fish and >40 cm fish but lowest for 30 cm fish (Fig. 2.98).
Bioenergett model estimates of Pacific cod growth and respiration also suggest poor thermal conditions
for growth in 1998 (following the record El Nifio of 1997/98) and 2016 (top panel Fig. 2.99) that were
driven by high metabolic demand during those years (bottoral peig. 2.99). Prey energetic demand

based on mean energy densities and annual shifts in diet composition show moderate changes in diet
energy density over time, with highest cumulative diet energy densities in 2013, which occurred at the
end of a 7 yearold temperature stanza in the GOA, and slightly lower values in 2015 near theriong
mean (Fig. 2.100). Stomach fullness of Pacific cod sampled from the GOA summer bottom trawl survey
was lowest to date in 2015 (Fig. 2.101), and diet compositiondvirden previous years, with a 47.8 %

drop inChionoecetes bairdelative to previous years (Figs. 221&nd2.103 and an absence of capelin
which had been abundant, particularly in smaller Pacific cod, during 2011 and 2013. The prop@tion of
bairdi in the diets of 480 cm cod dropped from the lotgrm mean of about 13.8% to 6.6% in 2015, but
increased again to mean levels in 2017. The average specific weight of diets in 2017 increased from a
historical low in 2015 to above average for8@cm fish,but remained low for 2@0 cm fish (Fig.

2.102.

The increase in metabolic demand in 2015 has two important implications: (1) Pacific cod would have
had to consume an additionall8% of prey per day (g'gl™) over average (i.e., based on mean

estimatedor years 1982014) to maintain growth and body condition, or (2) Pacific cod would have had

to access energetic reserves leading to net body mass loss. The protracted warm conditions-from 2014
2016 may have exceedboth adaptive options, potentially thag to starvation and mortality. In

addition, other ectothermic fish species would be expected to have similarly elevated metabolic demands
during the warm conditions, increasing the potential for broad scale prey limitations.

There are a few lines of @génce to support this potential mechanism for declines in Pacific cod
abundance, including low fish condition observed in 2015 (i.e., fish that were lighter than average for a
given length; Zador et al. 2017), lowest potential growth based on mean ridediyieg rates reported in
Holsman and Aydin (2015; Fig29top), highest recorded metabolic demands in 2015 29§,

bottom), below average diet energy density (lowest since 2007) based on diet composition of survey
collected stomach samples (F&101), and reports in 2028106 of widespread mortality events from
starvation for avian and marine mammal predators that share prey resources with Pacific cod in the GOA.
Also of important note is the potential absence of capelin (an important preyritédm)diets of Pacific

cod from 2015 (Fig2.10]), and the overall lower mean stomach fullness for fish in 2015 (height of
columns in Fig2.10%, note that these data are aggregated across regions and fish sizes). Considered
collectively, these lines of @ence suggest that persistent anomalously warm conditions that extended
from surface waters to depth, may have contributed to high mortality rates for juvenile and adult Pacific
cod from the years 2012016. Additional analysis of these patterns is ne¢déarther evaluate spatial
differences in energetic demand and potential factors influencing Pacific cod survival across the region.



Fishery Effects on the Ecosystem

Potentially, fisheries for Pacific cod can have effects on other species in the @rokysugh a variety of
mechanisms, for example by relieving predation pressure on shared prey species (i.e., species which serve
as prey for both Pacific cod and other species), by reducing prey availability for predators of Pacific cod,
by altering habét, by imposing bycatch mortality, or Bghost fishing caused by lost fishing gear.

Incidental Catch of Nontarget Species
Incidental catches afontarget specias each year 2082016 are showrnTable 27. In terms of average
catch over the time seriemly sea stars account for more than 250 t per year.

Steller Sea Lions

Sinclair and Zeppelin (2002) showed that Pacific cod was one of the four most important prey items of
Steller sea lions in terms of frequency of occurrence averaged over years, ,seadosites, and was
especially important in winteRitcher (1981) and Calkins (1998) also showed Pacific cod to be an
important winter prey item in the GOA and BSAI, respectivElythermore, the size ranges of Pacific cod
harvested by the fisheries atmhsumed by Steller sea lions overlap, and the fishery operates to some extent
in the same geographic areas used by Steller sea lion as foraging grounds (Livingston (ed.), 2002).

The Fisheries Interaction Team of the Alaska Fisheries Science Centeehasbaged in research to
determine the effectiveness of recent management measures designed to mitigate the impacts of the
Pacific cod fisheries (among others) on Steller sea IRasults from studies conducted in 2€303

were summarized by Connersagt(2004).These studies included a tagging feasibility study, which may
evolve into an ongoing research effort capable of providing information on the extent and rate to which
Pacific cod move in and out of various portions of Steller sea lion ctitidztat.Nearly 6,000cod with
spaghetti tags were released, of which approximately 1,aD0dwn returned as of Septempe03.

Seabirds

The following is a summary of information provided by Livingston (ed., 2062)oth the BSAI and

GOA, the northerflulmar (Fulmarus glacialiy comprises the majority of seabird bycatch, which occurs
primarily in the longline fisheries, including the hook and linedigtfor Pacific codshearwater
(Puffinusspp.) distribution overlaps with the Pacific cod longlinddiy in the Bering Sea, and with

trawl fisheries in general in both the Bering Sea and (8¥&ck-footed albatrossRhoebastria nigripes

is taken in much greater numbers in the GOA longline fisheries than the Bering Sea longline fisheries, but
is not take in the trawl fisheriesThe distribution of Laysan albatrog3hoebastria immutabiljsappears

to overlap with the longline fisheries in the central and western Aleutfiaesdistribution of shortailed
albatrossPhoebastria albatrysalso overlaps wi the Pacific cod longline fishery along the Aleutian

chain, although the majority of the bycatch has taken place along the northern portion of the Bering Sea
shelf edge (in contrast, only two takes have been recorded in the G@Ag. success has beemaited

in devising measures to mitigate fishesabird interactiong-or example, on vessels larger than 60 ft.

LOA, paired streamer lines of specified performance and material standards have been found to reduce
seabird incidental take significantly.

Fishery Usage of Habitat

The following is a summary of information provided by Livingston (ed., 200%):longline and trawl

fisheries for Pacific cod each comprise an important component of the combined fisheries associated with
the respective gear typedach of the three major management regions (BS, Al, and G©#8§ing at

each gear type in each region as a whole (i.e., aggregating across all target species) during the period
19982001, the total number of observed sets was as follows:



Gear BS Al GOA
Trawl 240,347 43,585 68,436
Longline 65,286 13,462 7,139

In the BS, both longline and trawl effort was concentrated north of False Pass (Unimak Island) and along
the shelf edge represented by the boundary of areas 513, 517 (in addition, longlineasftwheentrated

along the shelf edge represented by the boundary of are&8321In the Al, bdh longline and trawl effort
weredispersed over a wide area along the shelf ebdgecatcher vessel longline fishery in the Al occurred
primarily over mud btoms.Longline catcheprocessors in the Al tended to fish more over rocky bottoms.

In the GOA, fishing effort was also dispersed over a wide area along the shelf, though pockets of trawl
effort were located near Chirikof, Cape Barnabus, Cape ChinialManahot Flats. The GOA longline

fishery for Pacific cod generally took place over gravel, cobble, mud, sand, and rocky bottoms, in depths
of 25 fathoms to 140 fathoms.

Impacts of the Pacific cod fisheries on essential fish habitat were further analyze@nwi@nmental
impact statement by NMFS (2005).

Gul f of PAtafka cod Economic Perfor manc

Pacific cod is a critical species in the catch portfolio of the Gulf of Alaska (GOA) fisheries. Pacific cod

typically accounts for justund&0 % of t he GOA6s FMP groundfish haryv
Pacific cod catch in Alaska. Total catch of Pacific cod in the GOA was 64 thousand t and retained catch

63 thousand t, down 18% in 2016 from 2015. Retained catch is below the recenttighaisand t in

2014, and is just under the 20R@11 average of 63 thousand t (Table 2.30). Catches in 2017 are

expected to be below 2016 with a 10% reduction in the 2017 TAC. Preliminary stock assessment

estimates as of Oct. 2017 suggest a substaadattion in the 2018 catch specifications:Vessel

revenues in 2016 were down 18% to $41 million with the reduction in catch (Table 2.30). The products

made from GOA Pacific cod had a fiwholesale value was $90 million in 2016, which was down 12%

from 2015 and below the 202011 average of $102 million (Table 2.30, Table 2.31, and Table 2.32).

The fishery for cod is an iconic fishery with a long history, particularly in the North Atlantic. Global catch
was consistently over 2 million t through theB08, but began to taper off in the 1990s as cod stocks

began to collapse in the northwest Atlantic Ocean. Over roughly the same period, the U.S. catch of

Pacific cod (caught in Alaska) grew to approximately 250 thousand tons where it remained throgghout th
early to mid2000s. European catch of Atlantic cod in the Barents Sea (conducted mostly by Russia,
Norway, and | celand) sl owed and gl obal catch hit
of global catch was at a high at just over 20%thie early 2000s. Since 2007 global catch has grown to

1.85 million tin 2014 as catch in the Barents Sea has rebounded and U.S. catch has remained strong at
over 300 thousand t since 2011. European Atlantic cod and U.S. Pacific cod remain the twounzgsr s
supplying the cod market over the past decade accounting for roughly 75% and 20%, respectively.

Atl antic cod and Pacific cod are substitutes in t
demand is present in a number of geographicabns, but Europe and the U.S. are the primary consumer
markets for many of the Pacific cod products. The market for cod is also indirectly affected by activity in

the pollock fisheries which experienced a similar period of decline in-2008 before rehunding. Cod

and pollock are commonly used to produce breaded fish portions. Alaska caught Pacific cod in the GOA
became certified by the Marine Stewardship Council (MSC) in 2010, a NGO basepittyrd

sustainability certification, which some buyers sé&thkanges in global catch and production account for

much of the broader time trends in the cod markets. In particular, the averagddilssale prices peak
approximately $1.90 per pound in 2008 and subsequently declined precipitously to approximafely $1



per pound in 2002010 as markets priced in consecutive years of approximately 100 thousand t increases
in the Barents Sea cod catch in 2@M8.1; coupled with reduced demand from the recession.

The Pacific cod total allowable catch (TAC) is allocatedultiple sectors. In the GOA, sectors are

defined by gear type (hook and line, pot, trawl and jig) and processing capacity (catcher vessel (CV) and
catcher processor (CP)). Within the sectoral allocations the fisheries effectively operate as open access
with limited entry. AlImost all of the GOA Pacific cod fisheries is caught by CVs which make deliveries

to shorebased processors and accounts for 90% of the total GOA Pacific cod catch. Approximately 40%
is caught by the trawl, 40% is caught by pot gaad 20% caught by hook and line, though the number

of hook and line vessels is far greater. In recent years approximately 60% of the retained catch volume
and value is in the Central Gulf fisheries, 40% in the Western Gulf,-286 dccurring in other regn of

the GOA. Harvests from catcher vessels that deliver to shoreside processors account for approximately
90% of the retained catch. The 2016 retained catch in the GOA decreased 18% to 63 thousand t in part
due to a reduction in the TAC. In most years fisheries harvest the entire TAC, however, in 2016 only
approximately 90% of the TAC was harvested, poor fishing conditions were a potential contributing
factor. The ewessel value totaled $41 million in 2016, which was down from $50 million in 2645. E
vessel prices were basically unchanged at $0.29 per pound in 2016. Catch from the fixed gear vessels
(which includes hoolandline and pot gear) typically receive a slightly higher price from processors
because they incur less damage when caught, herglsebeen about $0.04 per pound.

The firstwholesale value of Pacific cod products was down 12% to $90.2 million in 2015. Despite lower
prices through 2014 and 2015 revenues were strong as result of increased catch levels. In contrast, 2016
prices were p and revenues are down because of reduced production volume. The two primary product
forms produced from cod in the GOA are fillets and H&G, which comprise approximately 55% and 30%
of the value on average, though the relative share can fluctuate yegeawdepending on relative

prices and processing decisions. The average price of GOA Pacific cod products in 2016 increased 29%
to $1.89 driven by an increase 23% in fillet prices to $3.36 per pound. Media reports indicate that Pacific
cod prices were $oin early 2016 with weak demand from Japan, an important market for Pacific cod. By
the middle of the year prices had begun to rise with strong demand from the U.S., Japan, and other
markets. High prices of common fish protein substitutes such as saieneralso cited as contributing to

the strong cod demand. Strong demand globally coupled with tight supply have resulted in high prices
continuing throughout 2017. H&G prices were comparatively weaker and first wholesale prices dropped
13% to $1.09 whichikely contributed to the reduction in H&G production.

U.S. exports of cod are roughly proportional to U.S. cod production. More than 90% of the exports are

H&G, much of which goes to China for secondary processingaedirg or t . Chiprocesss r i se
is fairly recent. Between 2001 and 2011 exports to China have increased nearly 10 fold. Japan and Europe
(mostly Germany and the Netherlands) are also important export destinations. Approximately 30% of

Al askads cod product iheWwS. Because §1S.icodgrodudciontsapprox@mately n i n
20% of global production and the GOA is approximately 20% of U.S. production, the GOA Pacific cod is

a relatively small component of the broader cod market. However, strong demand and tight supply in

2017 from the U.S. and globally have contributed to high prices. With the Barents Sea quota reduced by

13% 2018 the global cod supply is expected to remain constrained relative to recent levels which could

result in continued high price levels through 2018.

Dat a Gaps and Research Priorit.i

Understanding of the above ecosystem considerations would be improved if future research were directed
toward closing certain data gaj&ich research would have several foci, including the followlihg:

ecology of the Pafit cod stock, including spatial dynamics, trophic and other interspecific relationships,
and the relationship between climate and recruitment; 2) behavior of the Pacific cod fishery, including
spatial dynamics; 3) determinants of trawl survey catchalhitiiselectivity and relationship with



environmental covariated) age determinatioand effects of aging error and bias on model parameters
including natural mortality5) ecology of species taken as bycatch in the Pacific cod fisheries, including
estimdion of biomass, carrying capacity, and resilience; and 6) ecology of species that interact with
Pacific cod, including estimation of biomass, carrying capacity, and resilience.
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Table 21.  Studies of Pacific cod natural mortality and statistics on the combined vahexnlumn
| abel edi nMdliseat?e®s whet her the value
model prior on natural mortality.

Area Author Year Value In(value) Useal? Statistics
EBS Low 1974 0.375 -0.981 Y mu: -0.815
EBS Wespestad et al. 1982 0.7 -0.357 sigma: 0.423
EBS Bakkala and Wespesta 1985 0.45 -0.799 Y Arithmetic: 0.484
EBS Thompson and Shimad 1990 0.29 -1.238 Y Geometric: 0.443
EBS Thompson and Metto 1993 0.37 -0.994 Y Harmonic: 0.405
EBS Shimada and Kimura 1994 0.96 -0.041 Y Mode: 0.370
EBS Shietal 2007 045 -0.799 Y L95%: 0.193
EBS Thompson et al. 2007 0.34 -1079 Y U95%: 1.015
EBS Thompson 2016 0.36 -1.022 Y

GOA Thompson and Zenger 1993 0.27 -1.309 Y

GOA Thompson and Zenger 1995 0.5 -0.693 Y

GOA Thompson 2007 0.38 -0.968 Y

GOA Barbeaux et al. 2016 0.47 -0.755 N

BC Ketchen 1964 0.595 -0.519 Y

BC Fournier 1983 0.65 -0.431 Y

used



Table 22.

Catch(t) for 1991 through 2018y jurisdiction and gear type (as of 201%-10)

Federal State
Long Long
Year Trawl line Pot Other Subtotal line Pot Other Subtotal Total
1991 58,093 7,656 10,464 115 76,328 0 0 0 0 76,328
1992 54593 15,675 10,154 325 80,747 0 0 0 0 80,747
1993 37,806 8,963 9,708 11 56,488 0 0 0 0 56,488
1994 31,447 6,778 9,161 100 47,485 0 0 0 0 47,485
1995 41,875 10,978 16,055 77 68,985 0 0 0 0 68,985
1996 45991 10,196 12,040 53 68,280 0 0 0 0 68,280
1997 48,406 10,978 9,065 26 68,476 0 7224 1,319 8,542 77,018
1998 41,570 10,012 10,510 29 62,121 0 9,088 1,316 10,404 72,525
1999 37,167 12,363 19,015 70 68,614 0 12,075 1,096 13,171 81,785
2000 25,443 11,660 17,351 54 54,508 0 10,388 1,643 12,031 66,560
2001 24,383 9,910 7,171 155 41,619 0 7,836 2,084 9,920 51,542
2002 19,810 14,666 7,694 176 42,345 0 10,423 1,714 12,137 54,483
2003| 18,884 9,525 12,765 161 41,335 62 7,943 3,242 11,247 52,582
2004| 17,513 10,326 14,966 400 43,205 51 10,602 2,765 13,419 56,624
2005| 14,549 5,732 14,749 203 35,233 26 9,653 2,673 12,351 47,584
2006| 13,132 10,244 14,540 118 38,034 55 9,146 662 9,863 47,897
2007| 14,775 11,539 13,573 44 39,932 270 11,378 682 12,329 52,261
2008 | 20,293 12,106 11,230 63 43,691 317 13,438 1,568 15,323 59,014
2009| 13,976 13,968 11,951 206 40,101 676 9,919 2,500 13,096 53,196
2010| 21,765 16,537 20,114 429 58,845 826 14,604 4,045 19,475 78,320
2011| 16,453 16,547 29,231 722 62,952 995 16,675 4,627 22,297 85,249
2012| 20,071 14,466 21,237 722 56,496 862 15,939 4,613 21,414 77,910
2013| 21,698 12,863 17,010 476 52,046| 1,087 14,154 1,303 16,544 68,591
2014| 26,794 14,747 19,956 1,046 62,543| 1,006 18,442 2,838 22,286 84,829
2015| 22,260 12,741 20,643 408 56,053 468 19,717 2,807 22,993 79,045
2016| 15,210 8,151 19,245 346 42,952 806 18,606 1,708 21,120 64,071
2017*| 12,666 7,632 11,786 67 32,152 127 13,023 62 13,212 45,364




Table 23 History of Pacific cod catch,(includes catch from State waters), Federal TAC (does
include State guideline harvest level), ABC, and OFL. ABC was not used in management
of GOA groundfish pior to 1986. Catch for 2017 is current through 200711. The
values in the column | abeled ATACO correspolt
1986, Atarget gquotao for the -presantThelAB8 7, and
value listed for 1987 is the upper bound of the range. Source: NPFMC staff.

Year Catch TAC ABC OFL
1980 35,345 60,000 - -
1981 36,131 70,000 - -
1982 29,465 60,000 - -
1983 36,540 60,000 - -
1984 23,898 60,000 - -
1985 14,428 60,000 -
1986 25,012 75,000 136,000 -
1987 32,939 50,000 125,000 -
1988 33,802 80,000 99,000 -
1989 43,293 71,200 71,200 -
1990 72,517 90,000 90,000 -
1991 76,301 77,900 77,900 -
1992 80,073 63,500 63,500 87,600
1993 55,709 56,700 56,700 78,100
1994 46,649 50,400 50,400 71,100
1995 68,085 69,200 69,200 126,000
1996 68,064 65,000 65,000 88,000
1997 67,840 69,115 81,500 180,000
1998 61,520 66,060 77,900 141,000
1999 67,928 67,835 84,400 134,000
2000 54,266 59,800 76,400 102,000
2001 41,533 52,110 67,800 91,200
2002 42,307 44,230 57,600 77,100
2003 52,461 40,540 52,800 70,100
2004 56,569 48,033 62,810 102,000
2005 47,538 44,433 58,100 86,200
2006 47,822 52,264 68,859 95,500
2007 51,895 52,264 68,859 97,600
2008 58,666 50,269 64,493 88,660
2009 52,633 41,807 55,300 66,000
2010 77,623 59,563 79,100 94,100
2011 84,385 65,100 86,800 102,600
2012 77,195 65,700 87,600 104,000
2013 67,394 60,600 80,800 97,200
2014 83,687 64.738 88,500 107,300
2015 77,771 75,202 102,850 140,300
2016 64,071 71,925 98,600 116,7®
2017* 45,364 64,442 88,342 105,378
*As of 10/11/2017




Table 24.  History of GOA Pacific cod allocations by regulatory area (in percent)

Year(s) Western Central Eastern
19771985 28 56 16
1986 40 44 16
1987 27 56 17
19881989 19 73 8
1990 33 66 1
1991 33 62 5
1992 37 61 2
19931994 33 62 5
19951996 29 66 5
19971999 35 63 2
200062001 36 57 7
2002 39 55 6
2002 38 56 6
2003 39 55 6
2003 38 56 6
2004 36 57 7
2004 35.3 56.5 8.2
2005 36 57 7
2005 35.3 56.5 8.2
2006 39 55 6
2006 38.54 54.35 7.11
2007 39 55 6
2007 38.54 54.35 7.11
2008 39 57 4
2008 38.69 56.55 4.76
2009 39 57 4
2009 38.69 56.55 4.76
2010 35 62 3
2010 34.86 61.75 3.39
2011 35 62 3
2011 35 62 3
2012 35 62 3
2012 32 65 3
2013 38 60 3
2014 37 60 3
2015 38 60 3
2016 41 50 9
2017 41 50 9

2018 44.9 45.1

=
o




Table 25 Estimated retainednd discarded GOA Pacific cod from federal waters (source: AKFIN;

*as of 201710-11)
Year Discarded Retained Grand Total
1991 1,427 74,873 76,301
1992 3,920 76,827 80,747
1993 5,886 50,602 56,488
1994 3,122 44,363 47,485
1995 3,546 65,439 68,985
1996 7,555 60,725 68,280
1997 4,828 63,647 68,476
1998 1,732 60,389 62,121
1999 1,645 66,970 68,614
2000 1,378 53,130 54,508
2001 1,904 39,715 41,619
2002 3,715 38,631 42,345
2003 2,485 50,097 52,582
2004 1,268 55,355 56,624
2005 1,043 46,541 47,584
2006 1,852 46,045 47,897
2007 1,448 50,813 52,261
2008 3,307 55,707 59,014
2009 3,944 49,252 53,196
2010 2,871 75,449 78,320
2011 2,083 83,166 85,249
2012 973 76,937 77,910
2013 4,623 63,968 68,591
2014 5,231 79,598 84,829
2015 1,734 77,311 79,045
2016 895 63,177 64,071

2017+ 522 44,842 45,364




Table 26 Weight of goundfish bycatclit), discardedD) and retainedR), for 20131 2017 for GOA
Pacific cod as target species (AKFIN; a®617-10-20)

2013 2014 2015 2016 2017

Species D R D R D R D R D R
flounder, arrowtooth 862 576 818 499 448 659 560 809 205 258
flounder, starry 0 4 0 3 0 4 0 3 3
greenling, atka mackerel 21 0 7 0 146 11 31 8 349 32
halibut, Pacific 0 26 5 30 28 35 5 15 8 20
octopus, North Pacific 109 212 673 511 524 376 154 204 28 131
Pacific sleeper shark 14 2 18 9 0

perch, Pacific ocean 7 5 0 14 104 62 781 15 46 29
pollock, walleye 105 750 87 1422 108 1002 58 346 308 464
rockfish, dusky 17 6 10 39 11 16 60 19 75 13
rockfish, harlequin 0 0 0 0 1 2 3 1
rockfish, northern 48 62 13 59 12 35 61 17 36 8
rockfish, quillback 0 4 0 4 0 21 0 15 0 8
rockfish, redstripe 1 0 1 0 0 0
rockfish, rougheye 0 1 1 3 0 3 1 2 7 2
rockfish, shortraker 1 3 3 1 0 3 1 1 4 2
rockfish, silvergray 0 0 0 0 1 0 1 0
rockfish, thornyhead (idiots) 5 3 3 16 5 4 3 7 11 20
rockfish, yelloweye (red snapper) 6 13 16 11 7 20 13 17 36 29
sablefish (blackcod) 31 16 12 45 39 36 100 31 65 20
sculpin, bigmouth 20 6 25 20 15
scupin, general 2 5 1 7 0 3 1 11 1 2
sculpin, great 66 65 92 158 321
sculpin, other large 192 206 229 163 155
sculpin, plain 1 1 3

sculpin, yellow irish lord 192 257 278 502 0 392
shark, spiny dogfish 45 0 375 0 111 0 341 0 214

skate, Alaskan 0 1 0 2 0
skate, Aleutian 3 8 4 8 5
skate, big 212 399 660 180 569 203 384 253 394 151
skate, longnose 82 266 94 321 148 465 335 154 209 86
skate, other 794 8 876 50 998 77 910 63 730 27
skate, Whiteblotched 0 1
sole, lutter 0 186 0 69 0 48 0 45 0 10
sole, dover 0 6 0 9 0 15 1 4 0 0
sole, English 15 0 9 7 0 3 1
sole, flathead 6 179 15 180 13 241 6 245 12 99
sole, rex 17 95 12 73 8 113 23 147 3 16
sole, rock 4 586 8 514 8 655 13 514 20 550
sole, yellowfin 0 0 1 0 0 0
squid, majestic 0 1 0 0 1 0 1 0 0




Table 27 Incidental catch (br birds by numb@rof nontarget species groups by G@®xacific cod

fisheries, 2012017 (as 0f2017%10-20).

2013 2014 2015 2016 2017
Benthic urochordata 0.1 4.3 0.0 1.3
Birds 99 123 99 163 129
Bivalves 1.7 1.6 1.4 0.7 1.2
Brittle star unidentified 0.1 0.0 0.0 0.0 0.0
Corals Bryozoans - Corals Bryozoans Unident 0.1 1.5 1.2 0.4 1.2
Corals Bryozoans - Red Tree Coral 0.1 0.5
Eelpouts 0.2 0.1 0.3 0.1 0.1
Eulachon 0.2 0.0 0.0
Giant Grenadier 80.0 183.8 107.3 83.5 14.3
Greenlings 1.2 1.4 2.6 4.7 5.6
Grenadier - Rattail Grenadier Unidentified 17.4 15.6 0.1 1.2
Hermit crab unidentified 1.9 0.4 2.8 0.6 0.1
Invertebrate unidentified 0.4 0.5 0.2 1.1 0.0
Misc crabs 2.9 2.9 1.0 1.0 0.8
Misc crustaceans 0.0 0.0 0.5 0.0
Misc fish 90.4 120.5 108.4 152.5 146.4
Misc inverts (worms etc) 0.0
Other osmerids 0.0
Pacific Hake 0.0
Pacific Sand lance 0.0 0.0
Pandalid shrimp 0.0 0.0
Polychaete unidentified 0.0 0.0
Scypho jellies 1.6 1.2 4.0 21.5 0.9
Sea anemone unidentified 6.6 6.8 5.7 21.2 12.2
Sea pens whips 2.3 2.9 1.8 0.7 0.5
Sea star 551.7 872.0 1218.4 892.3 360.7
Snails 2.4 24.0 11.8 14.6 9.2
Sponge unidentified 0.4 0.3 1.3 1.6 1.8
State-managed Rockfish 40.2 13.6 14.6 47.1 73.3
Stichaeidae 0.1 0.3
urchins dollars cucumbers 1.2 1.4 4.2 2.0 4.4




Table 28 Pacific cal catch (t) in other target Gulf of Alaska groundfish fisheries. *Data for 2017 is

as of 10/20/2017.
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2003 1,598 844 110 1,787 281 588 166 274 87 325 38 6,097
2004 806 504 222 1,735 257 175 171 194 51 120 106 4,341
2005 1,234 636 207 931 226 115 145 153 95 22 6 3,772
2006 1,278 944 647 521 253 271 62 38 144 8 1 4,166
2007 2,421 901 217 251 423 409 58 131 129 114,941

2008 3,367 1,593 459 445 488 238 120 125 156 0 6,991
2009 4,196 611 394 631 938 592 158 279 88 10 7,897
2010 2,742 719 1309 734 578 390 188 286 73 24 8 7,052
2011 924 1,736 1,338 560 1,273 155 162 94 86 2 16 916,354
2012 1,040 934 935 404 233 174 332 134 40 0 4,225
0
1

2013 2,626 1,038 850 584 1,954 203 192 102 129 9 15| 7,701

2014 2,267 3,030 2,810 624 1,132 273 476 64 100 2 10,78

0
2015 711 1,383 1,089 785 453 162 622 1 117 12 5,335
2016 224 1,345 623 365 279 25 227 39 101 10| 3,239

2017 117 1,117 476 223 232 6 35 2 62 2 52,275




Table 29 Noncommercial fishery catch (in kg); total source amounts less than 1 mt were omitted
(AFSC for GQA bottom trawl survey values; AKIN for other values, as of 20410-28)

Source 2009 2010 2011 2012 2013 2014 2015

Annual Longline

Survey 30,987 33,224 27,069 30,505 22,734 33,370 39,824
Bait for Crab

Fishery 16,444 7,348 1,616
Golden King Crab

Pot Survey 12

Gulf of Alaska

Bottom Trawl

Survey 29,393 26,221 18,945
IPHC Annual

Longline Survey 142,300 124,356 85,595 123,197 138,091 77,044
LargeMesh Trawl

Survey 958 11,702 17,015 20,500 18,577 13,090 8,072
SalmonEFP 1301 2,647 8,316

Scallop Dredge

Survey 14 8 0
Shelikof Acoustic

Survey 14

Shelikof and

Chirikof EIT 4

Shumagin and

Sanak EIT 583

Shumigans

Acoustic Survey 1,030

SmaltMesh Trawl

Survey 1,887 1,654 2,662 1,678 1,424 1,412

Sport Fishery 113,660 155,527 143,762 131,133 199,263 183,813
Spot Shrimp

Survey 3 12 10
Structure of Gulf

of Alaska Forage

Fish Communities 136

Western Gulof

Alaska Pollock

Acoustic

Cooperative

Survey 59

Total 31,959 304,011 355,017 283,622 342,639 400,913 330,736



Table 210 Pacific cod atch (t) in other target Gulf of Alaska groundfish fisheries. *Data for 2017 is

as of 10/20/2017.
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2003 1,598 844 110 1,787 281 588 166 274 87 325 38 6,097
2004 806 504 222 1,735 257 175 171 194 51 120 106 4,341
2005 1,234 636 207 931 226 115 145 153 95 22 6 3,772
2006 1,278 944 647 521 253 271 62 38 144 8 1 4,166
2007 2,421 901 217 251 423 409 58 131 129 1 4,941
2008 3,367 1,593 459 445 488 238 120 125 156 0 6,991
2009 4,196 611 394 631 938 592 158 279 88 10 7,897
2010 2,742 719 1,309 734 578 390 188 286 73 24 8 7,052
2011 924 1,736 1,338 560 1,273 155 162 94 86 2 16 9 6,354
2012 1,040 934 935 404 233 174 332 134 40 0 4,225
2013 2,626 1,038 850 584 1,954 203 192 102 129 0 9 15 7,701
2014 2,267 3,030 2,810 624 1,132 273 476 64 100 1 2 10,780
2015 711 1,383 1,089 785 453 162 622 1 117 12 5,335
2016 224 1,345 623 365 279 25 227 39 101 10 3,239
2017 117 1,117 476 223 232 6 35 2 62 2 5 2,275




Table 211 Pacific cod abundance measured in biomass (t) and numbers of fish (1000s), as assessed by
the GOA botbm trawl survey. Point estimates are shown along with coefficients of

variation.
Year Biomasgt) CV__ Abundance CV
1984 550,971 0.096 320,525 0.102
1987 394,987 0.085 247,020 0.121
1990 416,788 0.100 212,132 0.135
1993 409,848 0.117 231,963 0.124
1996 538,154 0.131 319,068 0.140
1999 306,413 0.083 166,584 0.074
2001 257,614 0.133 158,424 0.118
2003 297,402 0.098 159,749 0.085
2005 308,175 0.170 139,895 0.135
2007 232,035 0.091 192,306 0.114
2009 752,651 0.195 573,469 0.185
2011 500,975 0.089 348,060 0.116
2013 506,362 0.097 337,992 0.099
2015 253,694 0.069 196,334 0.079
2017 107,342 0.128 56,199 0.117

Table212 AFSCO6s | o n gdativaRoputation Nuenlger (RPNs) and CVs for Pacific cod.

Year RPN CV Year RPN CV
1990 116,398 0.139| 2007 34,992 0.140
1991 110,036 0.141| 2008 26,881 0.228
1992 136,311 0.087| 2009 68,391 0.138
1993 153,894 0.114| 2010 86,722 0.138
1994 96,532 0.094| 2011 93,732 0.141
1995 120,700 0.100| 2012 63,749 0.148
1996 84,530 0.141| 2013 48,534 0.162
1997 104,610 0.169| 2014 69,653 0.143
1998 125,846 0.115| 2015 88,410 0.160
1999 91,407 0.113| 2016 83,887 0.172
2000 54,310 0.145| 2017 39,523 0.101
2001 33,841 0.181
2002 51,900 0.170
2003 59,952 0.150
2004 53,108 0.118
2005 29,864 0.214
2006 34,316 0.197




Table 213 IPHC Longline Relative Population Numbers (RPNs) and CVs forfiPaod.

Year RPN CV Year RPN CV
1997 29,431.29 0.24 2008 22,201.86 0.17
1998 16,389.47 0.20 2009 30,228.94 0.16
1999 12,387.02 0.21 2010 27,836.75 0.16
2000 14,599.59 0.22 2011 31,728.38 0.15
2001 12,192.47 0.23 2012 23,604.72 0.17
2002 16,372.69 0.21 2013 26,333.14 0.18
2003 15,361.62 0.22 2014 27,789.64 0.16
2004 16,075.93 0.20 2015 16,853.72 0.20
2005 16,397.51 0.23 2016 11,888.02 0.23
2006 15,761.12 0.20

2007 18,196.23 0.19

Table 214  ADFG trawl survey deltaGLM biomass index and CVs for Pacific cod.

Year Index CV Year Index CV

1988 2.85 0.09 2005 1.08 0.09
1989 3.79 0.09 2006 0.93 0.09
1990 2.82 0.08 2007 1.11 0.08
1991 193 0.14 2008 1.28 0.07
1992 293 0.08 2009 1.29 0.07
1993 2.37 0.09 2010 1.09 0.07
1994 2.13 0.08 2011 140 0.07
1995 236 0.11 2012 2.65 0.09
1996 2.39 0.09 2013 2.00 0.10
1997 257 0.08 2014 137 0.10
1998 2.32 0.09 2015 1.24 0.10
1999 128 0.07 2016 0.85 0.11
2000 1.00 0.08 2017 0.90 O0.11
2001 0.88 0.08

2002 1.11 0.07

2003 0.89 0.08

2004 1.37 0.07




Table 215 CFSR bottom temperature index for 10 cm and 40 cm Pacific cod for2D48

Year 10cm 40cm Year 10cm 40cm
1979 5.798 5.111 1999 5.100 5.015
1980 5.488 5.024 2000 5.183 4.878
1981 6.454 5.460 2001 5.476 5.081
1982 4.747 4.645 2002 4.824 4.447
1983 5.636 5.329 2003 5.833 5.438
1984 5.367 5.314 2004 5.235 5.089
1985 5.219 5.232 2005 5.503 5.320
1986 5.342 5.085 2006 5.299 5.059
1987 6.061 5.412 2007 4.752 4.377
1988 5.481 5.031 2008 4.849 4.645
1989 4.728 4.509 2009 4.383 4.396
1990 4.847 4.561 2010 5.736 5.164
1991 4.967 4.648 2011 5.038 4.775
1992 5.462 4.965 2012 4.755 4.275
1993 5.135 4.794 2013 4.716 4.741
1994 5.058 4.888 2014 5.465 5.004
1995 4.592 4.688 2015 6.468 5.668
1996 5.106 4.864 2016 6.075 5.005
1997 5.123 4.959

1998 6.270 5.575




Table 216  Number of parameters by category for model configurations presented.

M17.xx.25 M17.09.26 M17.09.31 M17.09.36 M17.09.37
Recruitment
Early Rec. Devs
(19621977) 16 16 16 16 16
Main Rec. Devs
(19782014) 37 37 37 37 37
Late Rec. Devs
(20152017) 3 3 3 3 3
Future Rec. Devs
(20182022) 5 5 5 5 5
Ro 1 1 1 1 1
R offset 1 1 1 1 1
Natural
mortality 1 1 2 2 4
Growth 5 5 5 5 5
Catchability
Qtrawl 1 1 1 1 1
Qlongline 1
Qlongline env. Offset 1
Initial F 2 2 2 2 2
Selectivity
Trawl Survey 18 16 18 16 16
Longline survey 5 5 5 5 5
Trawl Fishery 13 55 (39 dev) 55 (39 dev) 59 (39 dev) 59 (39 dev)
Longline Fiskery 11 36 (24 dev) 36 (24 dev) 40 (24 dev) 40 (24 dev)
Pot Fishery 8 8 8 8 8
Total 127 192 195 202 204



Table 217 Model fit statistics and results. Note that likelihoods between model series are not
completely comparable.
M17.08.25  M17.09.25  M17.09.26  M17.09.31  M17.09.35  M17.09.36  M17.09.37
AlC 3918.88 3613.18 3604.90 3580.68 3522.78 2774.70 2739.02
Likelihoods
Total| 1822.44 167259 1610.45 1595.34 1559.39 1185.35 1165.51
Survey 26.01 24.84 5.98 -0.24 0.80 2.38 -5.51
Length( 1228.27 1102.86 1057.78 1045.43 100546 643.05 640.83
Composition
Age 569.36 547.62 541.79 538.02 531.37 534.00 531.97
Composition
Recruitment -7.86 -8.02 -2.99 -6.05 -4.14 -1.07 -1.20
Pararpg:gr 0.00 0.00 1.21 10.10 11.64 9.76 2.96
|
Par?:meter 0.025 0.022 4.85 4.80 4.80 3.81 3.94
evs.
Parameters
Ro billions 360.16 355.93 372.54 501.12 53137 470.62 493.61
Steepness 0.44 0.44 0.44 0.44 0.44 0.44 0.44
M’c\)lrétlgfirtal 0.44 0.44 0.44|/0.88 0.48|0.69 0.49/0.2 0.48|069 See text
QShehiCIongli:/e 1.78 1.67 157 14811427 1471427 1561528 1.73|1.7-3.0
L min 5.72 6.82 6.74 7.04 7.08 7.13 7.09
L max 117.76 123.67 120.28 124.25 12414 123.98 122.99
Von Bert K 0.13 0.12 0.12 0.11 0.11 0.11 0.11
Resuts
Model
SSBiers(t) 120,656 111,802 65,599 72,447 74,472 79,064 82,088
Projection
SSBioos(t) 184,887 185,832 190,511 169,261 168,583 164,520
SSBor (t) 44,468 43,289 36,534 40,102 40,442 37,632
SSBo1% 24.1% 23.3% 19.2% 23.7% 24.0% 22.8%
SSBeos(t) 39,177 38,804 31,694 35,159 36,209 33,334
SSBais% 21.2% 20.9% 16.7% 20.8% 215% 20.3%
Fss% 0.496 0.570 0.459 0.749 0.657 0.704
Fao% 0.609 0.707 0.558 0.944 0.824 0.887
2018
ABC (1) 15,904 16,547 0 17,669 19,401 15,965
Fasc 0.25 0.283 0 0.370 0.336 0.338
OFL (t) 19,090 19,989 11,027 21,579 23564 19,512
ForL 0.31 0.349 0.209 0.462 0.417 0.423
2019
ABC (1) 14,528 15,858 0 16,758 17,634 15,907
Fasc 0.238 0.277 0 0.362 0.318 0.342
OFL (1) 17,795 19,147 14,208 19,745 21,415 18,760
ForL 0.291 0.340 0.240 0.436 0.395 0.411




Table 218

Likelihood componentby fleetfor all proposed models.

Model Label ALL FshTrawl FshLL FshPot Srv LLSrv
Model17.08.25 Age_like 569.36 - - - 569.36 -
Modell7.09.26  Age_like 541.79 - - - 541.79 -
Model17.09.31 Age_like 538.02 - - - 538.02 -
Model17.09.35 Age_like 54080 - - - 54080 -
Model17.09.36 Age_like 534.00 - - - 534.00 -
Modell17.09.37 Age_like 531.97 - - - 531.97 -
Model17.08.25 Catch_like 1.26E09 3.49E10 4.54E10 4.57E10 - -
Model17.09.25 Catch_like 4.33E09 1.40E09 1.47E09 1.46E09 - -
Model17.09.26 Catch_like 3.58E09 1.15E09 1.18E09 1.26E09 - -
Model17.09.31 Catch_like 1.10E09 3.56E10 3.64E10 3.81E10 - -
Model17.09.35 Catch_like 3.04E10 9.47E11 1.07E10 1.03E10 - -
Model17.09.36 Catch_like 1.03E09 3.19E10 3.62E10 3.52E10 - -
Model17.09.37 Catch_like 1.01E08 3.07E09 3.44E09 3.56E09 - -
Modell17.08.25 Length_lke 1,228.27 407.87 258.52 203.99 163.68 194.21
Modell17.09.25 Length_like 1,102.86 326.09 235.01 211.30 132.74 197.71
Model17.09.26 Length_like 1,057.78 299.72 223.42 209.65 132.78 192.22
Model17.09.31 Length_like 1,045.43 302.39 209.52 207.23  132.04 194.26
Model17.09.35 Length_like 1,005.46 274.13 200.89 208.00 132.85 189.60
Model17.09.36 Length_like  643.05 110.49 123.57 90.13 130.97 187.89
Modell17.09.37 Length_like  640.83 108.66 125.22 90.13 129.47 187.36
Modell7.B.25 Surv_like 26.01 - - - 7.53 18.48
Model17.09.25 Surv_like 24.84 - - - 7.60 17.25
Model17.09.26  Surv_like 5.98 - - - -5.54 11.52
Model17.09.31  Surv_like -0.24 - - - -0.85 0.61
Model17.09.35 Surv_like 0.80 - - - 0.33 0.47
Model17.09.36  Surv_like 2.38 - - - -0.38 2.76
Model17.09.37 Surv_like -5.51 - - - -8.22 271




Table 219 Retrospective analysis, index RMSE, harmonic mean effective N for length and age
conpositions, and recruitment variability for assessed models

M17.08.25 M17.09.25 M17.09.26 M17.09.31 M17.09.35 M17.09.36 M17.09.37

Retrospective
Female spawning biomas

Mo h nJjo 0.107 0.110 -0.004 0.099 0.137 0.091 0.094

Woods Hole} -0.001 0.033 -0.013 0.030 0.062 0.034 0.028

RMSE 0.052 0.059 0.057 0.060 0.073 0.057 0.052

Recruitment (age0)

Mo h nJjo 1.002 0.902 -0.011 0.506 0.546 0.487 0.278

Woods Holg 0.090 0.100 0.002 0.075 0.109 0.071 0.054

RMSE 0.219 0.213 0.158 0.174 0.186 0.177 0.158

Index RMSE
Shelf 0.35 0.34 0.31 0.31 0.32 0.32 0.28
ABL Longline 0.35 0.35 0.33 0.31 0.32 0.33 0.32

Size Comp
Har. Mean EffN
Trawl 27753 28494 326.70 327.07 330.98 313.98 32147
Longline 492.20 409.03 45458 460.67 471.70 464.57 457.33
Pot 716.21 487.01 481.58 49457 501.93 487.30 479.35
Trawl Survey  355.99  328.07 33296 331.74 332.73 336.49 323.35
ABL Longline 29243 289.26 302.10 29740 305.29 309.60 302.45
Mean irput N*Adjustment
Trawl 152.25 124.8 124.8 124.8 124.8 48.30 48.30
Longline 158.18 11742 117.42 117.42 117.42 69.75 69.75
Pot 17746 13554 13554 135,54  135.54 57.60 57.60

Trawl Survey 100 100 100 100 100 100 100
ABL Longline 100 100 100 100 100 100 100
Age Comp
Trawl Survey 3.47 3.50 3.49 3.50 3.50 3.50 3.49
Mean input N
Trawl Survey 2.58 2.49 2.49 2.49 2.49 2.49 2.49

Rec. Var. (19772016)
Std.dev(In(No. 0.41 0.41 0.42 0.41 0.40 0.39 0.35
Age 1))




Table 220  Natural mortality by age and year fit in Model 17.09.37, red are high values, blue low.

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+
1977 0.75 0.44 044 044 044 044 044 044 044 044 044 044 044 044 044
1978 0.75 0.44 044 0.44 044 044 044 044 044 044 044 044 044 044 044
1979 0.75 058 056 054 052 050 050 050 050 050 050 050 0.50 0.50 0.50
1980 0.75 0.49 048 047 047 046 046 046 046 046 046 046 046 0.46 0.46
1981 0.75 0.8 0.76 0.71 0.66 0.60 060 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
1982 0.75 033 034 035 037 038 038 038 038 0.38 038 038 038 0.38 0.38
1983 0.75 053 052 050 049 048 048 048 048 048 048 048 048 048 0.48
1984 0.75 046 045 045 045 045 045 045 045 045 045 045 045 045 045
1985 0.75 042 042 043 043 043 043 043 043 043 043 043 043 043 043
1986 0.75 045 045 045 045 044 044 044 044 044 044 044 044 044 044
1987 0.75 0.66 0.63 0.60 057 054 054 054 054 054 054 054 054 054 0.54
1988 0.75 0.49 048 0.47 047 046 046 046 046 046 046 046 046 0.46 0.46
1989 0.75 032 034 035 036 038 038 038 038 0.38 038 0.38 0.38 0.38 0.38
1990 0.75 034 036 0.37 038 039 039 039 039 039 039 039 039 0.39 0.39
1991 0.75 037 038 0.38 039 040 040 040 040 0.40 040 040 040 0.40 0.40
1992 0.75 048 047 047 046 046 046 046 046 046 046 046 046 0.46 0.46
1993 0.75 040 041 041 042 042 042 042 042 042 042 042 042 042 042
1994 0.75 039 039 040 041 041 041 041 041 041 041 041 041 041 041
1995 0.75 030 032 033 035 036 036 036 036 036 036 036 036 0.36 0.36
1996 0.75 040 040 041 041 042 042 042 042 042 042 042 042 042 042
1997 0.75 040 040 041 041 042 042 042 042 042 042 042 042 042 042
1998 0.75 0.74 0.70 0.66 0.61 0.57 057 057 057 057 057 057 057 057 0.57
1999 0.75 040 040 041 041 042 042 042 042 042 042 042 042 042 042
2000 0.75 0.41 0.42 042 042 043 043 043 043 043 043 043 043 043 043
2001 0.75 0.48 0.48 047 047 046 046 046 046 046 046 046 046 046 0.46
2002 0.75 034 035 036 037 039 039 039 039 039 039 039 039 039 0.39
2003 0.75 059 057 05 053 051 051 051 051 051 051 051 051 051 051
2004 0.75 042 043 043 043 043 043 043 043 043 043 043 043 043 043
2005 0.75 049 048 048 047 046 046 046 046 046 046 046 046 046 0.46
2006 0.75 0.44 0.44 0.44 044 044 044 044 044 044 044 044 044 044 044
2007 0.75 033 0.34 035 037 038 038 038 038 038 0.38 038 0.38 0.38 0.38
2008 0.75 035 0.36 037 038 039 039 039 039 039 039 039 039 0.39 0.39
2009 0.75 - 029 031 032 034 034 034 034 034 034 034 034 034 034
2010 0.75 056 054 053 051 049 049 049 049 049 049 049 049 049 049
2011 0.75 038 0.39 040 040 041 041 041 041 041 041 041 041 041 041
2012 0.75 033 0.34 035 037 038 038 038 038 038 0.38 038 0.38 0.38 0.38
2013 0.75 032 0.33 035 036 038 038 038 0.38 038 0.38 038 0.38 0.38 0.38
2014 0.75 0.48 0.48 047 046 046 046 046 046 046 046 046 046 046 0.46
2015 0.75 | 172 141 111 080 050 050 050 050 050 050 050 050 0.50 0.50
2016 0.75 139 1.15 092 068 045 045 045 045 045 045 045 045 045 045
2017 0.75 044 044 044 044 044 044 044 044 044 044 044 044 044 044




Table 221  Age-0 recruitment and standard deviation of-@gecruits by year for a s t
Model 16.08.25, Model 17.08.25, Model 17.09.25, Modell17.0H&fhlighted are the
1977 and 2012 year classes.

year 6s

Last Year's Model M17.08.25 M17.09.25 M17.09.26

Year Age0x 10 Stdev Age0x 10  Stdev Age0x 10 Stdev  AgeOx 10  Stdev
1977 1.560 0.456 1.077 0.298 0.996 0.279 0.623 0.106
1978 0.473 0.178 0.312 0.116 0.302 0.111 0.188 0.051
1979 0.729 0.233 0.487 0.151 0.463 0.144 0.245 0.054
1980 0.801 0.235 0.546 0.154 0.519 0.149 0.443 0.071
1981 0.480 0.147 0.332 0.097 0.316 0.095 0.388 0.067
1982 0.554 0.168 0.379 0.110 0.370 0.110 0.554 0.079
1983 0.628 0.179 0.442 0.122 0.424 0.120 0.404 0.069
1984 0.912 0.224 0.674 0.159 0.664 0.161 0.631 0.072
1985 0.735 0.174 0.548 0.124 0.546 0.127 0.553 0.057
1986 0.562 0.133 0.413 0.094 0.407 0.096 0.406 0.042
1987 0.692 0.156 0.514 0.111 0.526 0.119 0.530 0.043
1988 0.573 0.132 0.427 0.094 0.436 0.100 0.437 0.040
1989 0.726  0.162 0.541 0.116 0.553 0.124 0.552 0.044
1990 0.668 0.148 0.496 0.105 0.532 0.118 0.536 0.042
1991 0.491 0.110 0.368 0.079 0.369 0.083 0.371 0.034
1992 0.429 0.094 0.324 0.068 0.316 0.069 0.313 0.028
1993 0.409 0.087 0.309 0.063 0.304 0.065 0.303 0.026
1994 0.421 0.088 0.320 0.064 0.326 0.068 0.327 0.026
1995 0.502 0.101 0.384 0.074 0.373 0.076 0.374 0.025
1996 0.351 0.073 0.268 0.054 0.276 0.058 0.275 0.022
1997 0.320 0.066 0.244 0.048 0.254 0.053 0.255 0.020
1998 0.392 0.079 0.299 0.057 0.306 0.062 0.308 0.021
1999 0.542 0.105 0.417 0.077 0.395 0.077 0.398 0.024
2000 0.446 0.085 0.349 0.064 0.337 0.065 0.337 0.021
2001 0.232 0.048 0.181 0.036 0.182 0.037 0.180 0.017
2002 0.265 0.052 0.206 0.039 0.190 0.038 0.189 0.017
2003 0.255 0.049 0.201 0.037 0.179 0.036 0.180 0.018
2004 0.389 0.072 0.304 0.054 0.284 0.055 0.288 0.025
2005 0.591 0.108 0.464 0.081 0.493 0.092 0.502 0.037
2006 0.668 0.121 0.520 0.089 0.556 0.102 0.584 0.040
2007 0.531 0.104 0.419 0.077 0.449 0.087 0.468 0.040
2008 0.754 0.142 0.563 0.097 0.512 0.096 0.574 0.042
2009 0.348 0.071 0.239 0.045 0.255 0.050 0.311 0.033
2010 0.401 0.080 0.255 0.046 0.277 0.053 0.383 0.041
2011 0.752 0.153 0.431 0.075 0.341 0.065 0.609 0.072
2012 1.099 0.235 0.460 0.082 0.449 0.086 0.951 0.124
2013 0.570 0.148 0.197 0.042 0.189 0.043 0.400 0.076
2014 0.261 0.078 0.083 0.022 0.089 0.025 0.160 0.038
2015 0.416 0.186 0.116 0.036 0.137 0.044 0.278 0.085
2016 0.546 0.269 0.109 0.034 0.117 0.038 0.187 0.053
2017 0.360 0.176 0.356 0.175 0.373 0.166
1998 0.299 0.057 0.306 0.062 0.308 0.021

Mean 19772015 0.562 0.380 0.375 0.400

Stdev(Ln(x)) 0.407 0.499 0.480 0.42

mo d



Table 222 Age-0 recruitment and standard deviation of-@gecruits by year fo2017modek.
Highlighted are the 1977 and 2012 year classes.

M17.09.31 M17.09.35 M17.09.36 M16.09.37

Year Age-0x1(® St.dev. Age-0x1(® Stdev Age-0x1(® Stdev Age-0x1(® St.dev.

1977 0.890 0.234 0.945 0.255 0.796 0.232 1.077 0.233
1978 0.274 0.094 0.290 0.101 0.276 0.101 0.362 0.118
1979 0.366 0.113 0.388 0.122 0.333 0.114 0.439 0.119
1980 0.654 0.172 0.695 0.187 0.543 0.160 0.707 0.151
1981 0.577 0.157 0.612 0.169 0.545 0.158 0.523 0.097
1982 0.835 0.210 0.881 0.227 0.711 0.195 0.772 0.125
1983 0.601 0.158 0.631 0.169 0.550 0.154 0.568 0.102
1984 0.929 0.206 0.975 0.221 0.827 0.198 0.880 0.111
1985 0.800 0.168 0.841 0.181 0.723 0.163 0.792 0.100
1986 0.583 0.122 0.611 0.132 0.557 0.125 0.599 0.078
1987 0.755 0.150 0.797 0.162 0.693 0.148 0.579 0.058
1988 0.628 0.128 0.660 0.138 0.567 0.125 0.431 0.049
1989 0.804 0.159 0.842 0.171 0.712 0.153 0.579 0.057
1990 0.781 0.152 0.826 0.165 0.723 0.154 0.624 0.059
1991 0.526 0.104 0.550 0.112 0.487 0.105 0.444 0.046
1992 0.434 0.084 0.450 0.090 0.407 0.086 0.354 0.036
1993 0.415 0.079 0.430 0.084 0.402 0.083 0.359 0.037
1994 0.455 0.084 0.474 0.090 0.446 0.090 0.430 0.040
1995 0.522 0.093 0.542 0.099 0.507 0.098 0.579 0.045
1996 0.385 0.071 0.398 0.076 0.336 0.068 0.416 0.042
1997 0.356 0.065 0.369 0.070 0.331 0.066 0.441 0.049
1998 0.426 0.075 0.441 0.080 0.402 0.077 0.400 0.030
1999 0.549 0.093 0.576 0.103 0.501 0.095 0.526 0.037
2000 0.466 0.078 0.505 0.090 0.461 0.086 0.502 0.035
2001 0.252 0.046 0.280 0.054 0.262 0.053 0.275 0.028
2002 0.265 0.047 0.294 0.054 0.253 0.049 0.292 0.031
2003 0.250 0.045 0.276 0.052 0.237 0.047 0.225 0.026
2004 0.398 0.069 0.431 0.078 0.391 0.074 0.361 0.038
2005 0.669 0.112 0.697 0.121 0.602 0.111 0.498 0.050
2006 0.760 0.125 0.799 0.136 0.728 0.130 0.581 0.051
2007 0.627 0.110 0.639 0.114 0.589 0.111 0.471 0.047
2008 0.722 0.122 0.727 0.126 0.660 0.119 0.553 0.050
2009 0.363 0.066 0.370 0.069 0.328 0.064 0.318 0.037
2010 0.408 0.074 0.425 0.079 0.382 0.073 0.316 0.042
2011 0.567 0.106 0.603 0.116 0.531 0.105 0.503 0.073
2012 0.826 0.161 0.902 0.180 0.809 0.164 1.083 0.151
2013 0.379 0.090 0.421 0.102 0.362 0.090 0.839 0.187
2014 0.166 0.046 0.182 0.052 0.161 0.046 0.392 0.108
2015 0.256 0.085 0.278 0.094 0.245 0.084 0.348 0.104
2016 0.193 0.062 0.208 0.068 0.185 0.060 0.162 0.042
2017 0.501 0.241 0.531 0.257 0.471 0.229 0.494 0.220

Mean 0.528 0.565 0.489 0.515
19772015
0.436 0.426 0.415 0.393

Stdev(In(age)))




Table 223

Esti mated
from Models 16.08.25, 17.09.25, 17.09.35, and 17809.2

f emal

e spawning

bi omass

(t)

Last Year's Model Model17.09.25 Model17.09.35 Model 17.09.36

Sp.Bio St.dev | Sp.Bio St.dev | Sp.Bio St.dev | Sp.Bio St.dev
1977 132,285 30,821 102,570 21,665 67,950 12,982 73,840 15,092
1978 143,660 31,718 111,800 22,316 74,475 13,342 79,065 15,470
1979 140,575 30,038 109,885 21,382 71,785 12,529 75,645 14,655
1980 140,510 28,713 109,485 20,545 72,545 12,284 74,065 13,763
1981 160,675 31,350 122,405 22,274 82,590 14,613 78,750 14,980
1982 195575 35,342 148,765 25,273 98,600 17,205 90,960 17,096
1983 208,360 35,003 160,155 25,484 101,520 17,580 93,490 17,417
1984 210,755 33,449 163,180 24,814 101,765 17,838 92,320 17,287
1985 214,060 31,229 168,700 23,67 ( 116,150 18,910| 103,920 17,910
1986 211,320 27,717 170,640 21,470 138,020 19,415| 123,810 18,344
1987 203,960 24,308 167,775 19,195 157,635 19,245 141,275 18,130
1988 202,310 21,719 169,500 17,473 171,305 18,348 154,070 17,233
1989 208,230 19,750 179,045 16,270 186,405 17,373| 168,640 16,220
1990 204,735 17,454 180,240 14,755 190,465 15,852 173,590 14,813
1991 184,630 15,274 164,825 13,268 176,205 14,214 161,395 13,344
1992 167,680 13,742 152,205 12,301 164,150 13,138| 150,510 12,335
1993 153,455 12,756 141,505 11,740 154,270 12,518 140,655 11,741
1994 154,515 12,172 145,570 11,484 159,545 12,248 145,365 11,535
1995 155,935 11,135 150,385 10,725 164,135 11,395| 150,590 10,882
1996 140,470 9,572 137,310 9,300 148,525 9,751| 137,025 9,498
1997 121,770 8,053 119,685 7,825 127,535 8,063| 118,795 8,042
1998 104,710 6,952 103,025 6,739 108,470 6,867 102,635 7,023
1999 94,670 6,373 92,985 6,144 97,520 6,265 94,050 6,524
2000 84,750 6,031 82,820 5,792 87,170 5,917 84,805 6,180
2001 77,685 5,553 76,405 5,369 80,405 5,476 77,775 5,684
2002 75,600 5,140 75,050 4,985 78,825 5,112 75,995 5,275
2003 78,190 5,022 77,170 4,811 81,325 5,048 78,160 5,143
2004 80,825 4,965 78,285 4,696 83,360 5,145 79,645 5,163
2005 76,535 4,462 73,545 4,262 79,250 4,899 75,880 4,894
2006 67,700 3,660 65,080 3,582 71,040 4,306 68,275 4,270
2007 57,805 3,040 54,680 3,055 61,235 3,818 58,325 3,713
2008 51,225 2,876 46,749 2,928 54,470 3,718 50,985 3,568
2009 53,605 3,357 48,385 3,380 57,740 4201 53,310 4,006
2010 69,070 4,222 65,345 4,245 75,775 5,124 70,015 4,881
2011 77,630 5,057 76,045 5,004 86,915 5,897 81,005 5,682
2012 81,330 5,957 79,420 5,529 89,920 6,314 84,585 6,143
2013 85,110 6,543 79,90 5,589 88,915 6,312 84,030 6,152
2014 81,115 6,412 72,250 5,011 81,125 5,996 76,420 5,815
2015 75,485 7,088 57,105 4,486 69,555 6,518 64,505 6,176
2016 91,210 10,037 50,785 4,606 56,455 4,941 52,355 4,717
2017 98,479 50,165 5,118 47,326 4,375 44,295 4,153
2018 38,804 35,824 33,334

from

t



Table 224 Estimated beginning year weight and length at age from Model 17.09.35.

Length Length

Age Weight (kg) (cm) Age Weight (kg) (cm)
0 0.000 0.5 11 7.249 88.5
1 0.023 135 12 8.264 92.4
2 0.152 25.4 13 9.239 95.8
3 0.443 36.0 14 10.155 98.8
4 0.911 454 15 10.993 101.5
5 1.545 53.9 16 11.741 103.9
6 2.319 61.4 17 12.395 106.1
7 3.204 68.1 18 12.957 108.0
8 4.167 741 19 13.434 109.8
9 5.179 79.5 20 14.377 114.0
10 6.214 84.3

Table 225 Estimated fishing mortality in Apical F and Total exploitation for Model 17.09.35.

Sum Apical F Total Sum Apical F Total

Year F ) Exploitation | Ye&r = i Exploitation

1977 0.018 0.005 0.012| 2001 0.464 0.038 0.169

1978 0.085 0.016 0.063| 2002 0.478 0.036 0.162

1979 0.116 0.025 0.070| 2003 0.618 0.043 0.192

1980 0.281 0.063 0.125| 2004 0.664 0.046 0.224

1981 0.194 0.037 0.127| 2005 0.688 0.052 0.211

1982 0.141 0.026 0.104| 2006 0.729 0.053 0.236

1983 0.184 0.034 0.117| 2007 0.799 0.066 0.265

1984 0.126 0.025 0.072| 2008 1.098 0.105 0.268

1985 0.107 0.024 0.037| 2009 0.914 0.086 0.202

1986 0.156 0.033 0.058| 2010 1.061 0.096 0.261

1987 0.111 0.044 0.067| 2011 0.992 0.086 0.265

1988 0.098 0.012 0.064| 2012 0.831 0.076 0.262

1989 0.120 0.019 0.082| 2013 0.599 0.059 0.250

1990 0.321 0.031 0.136| 2014 0.865 0.090 0.314

1991 0.369 0.034 0.152| 2015 1.039 0.120 0.272

1992 0.424 0.040 0.164| 2016 0.994 0.114 0.291

1993 0.310 0.028 0.116

1994 0.250 0.021 0.100

1995 0.362 0.028 0.153

1996 0.393 0.030 0.172

1997 0.457 0.035 0.193

1998 0.501 0.038 0.191

1999 0.661 0.052 0.232

2000 0.588 0.047 0.210




Table 226

Table 227

Model 17.09.35 parameters and reference estimates MLE and MCMC derived.

MLE estimates MCMC posterior distribution

MLE a 50% 2.5% 97.5%
M standard 0.4902 0.0230 0.48313 0.4366  0.5305
M20152016 0.7136  0.0612 0.69752 0.5944  0.8259
Von Bert K 0.1134 0.0063 0.11835 0.1071  0.1320
Lmin 7.0841 0.5169 6.81304 5.6691 7.7914
Lmax 1241370 4.2083 120.864 113.6449 128.4407
LN(Qrrawi survey 0.3853 0.0841 0.3827 0.1986  0.5518
LNn(Qu survey 0.6638 0.0562 0.6496 0.5034 0.7810
Ln(Qusurveyenvir. i~ 0.3244  0.0718 0.3152 0.2082  0.4312
FSSBors 74,475 13,342 79,491 57,478 116,790
FSSBois 40,535 4,621 40,420 32,399 50171
Recr_1977 945,230 255,260 981,085 594,797 1,742,443
Recr_2012 901,690 180,440 844,229 581,060 1,296,929
SSBo1B1oo% 24.04% 2.74% 23.98% 19.22% 29.76%

Biological reference points fro@OA Pacific cod SAE documents for years 200017

Year SBioo% SBaow Fa0% SBy+1 ABCy.1
2001 212,000 85,000 0.41 82,000 57,600
2002 226,000 90,300 0.35 88,300 52,800
2003 222,000 88,900 0.34 103,000 62,810
2004 211,000 84,400 0.31 91,700 58,100
2005 329,000 132,000 0.56 165,000 68,859
2006 259,000 103,000 0.46 136,000 68,859
2007 302,000 121,000 0.49 108,000 66,493
2008 255,500 102,200 0.52 88,000 55,300
2009 291,500 116,600 0.49 117,600 79,100
2010 256,300 102,500 0.42 124,100 86,800
2011 261,000 104,0® 0.44 121,000 87,600
2012 234,800 93,900 0.49 111,000 80,800
2013 227,800 91,100 0.54 120,100 88,500
2014 316,500 126,600 0.50 155,400 102850
2015 325,200 130,000 0.41 116,600 98,600

2016 196,776 78,711 0.53 105,378 88,342
2017 168,583 67,433 0.80 35,973 18,972




Table 228 Number of fish at agé from Model 17.09.35 with the M 2042016 block fixed at the
standard M value used in projection model.

Year Age0 Year AgeO
1977 297,389 2000 352,861
1978 568,910 2001 310,628
1979 172,883 2002 173,066
1980 232,497 2003 181,594
1981 417,153 2004 169,764
1982 368,632 2005 260,850
1983 536,216 2006 423,040
1984 383,023 2007 475,978
1985 594,276 2008 380,924
1986 513,220 2009 417,733
1987 371,982 2010 205,744
1988 485,264 2011 221,401
1989 401,433 2012 279,878
1990 512,310 2013 383,801
1991 503,920 2014 169,596
1992 336,392 2015 75,461
1993 275,087 2016 117,276
1994 262,377 2017 97,815
1995 289,001

1996 330,958

1997 243,571

1998 225,773

1999 269,297




Table 229  Results for the projection scenarios from ModéD2.35. Female spawning stock biomass
(SSB) SSB, fishingnortality (F), and catch for the 7 projection scenarios.

SSB Scenariol Scenario 2 Scenario 3 Scenario 4 Scenario5 Scenario 6 Scenario 7

2017 40,442 40,442 40,442 40,442 40,442 40,442 40,442
2018 36,106 36,209 36,267 36,302 37,432 35,792 36,106
2019 33,926 34,424 34,733 34,928 41,981 32,328 33,926
2020 33,505 33,876 34,331 34,624 46,363 31,466 33,204
2021 40,029 39,973 40,901 41,247 56,332 37,726 38,450
2022 54,221 54,179 57,22 57,637 76,350 51,464 51,675
2023 64,144 64,117 72,982 73,527 98,027 60,067 60,086
2024 68,074 68,066 84,020 84,730 116,734 62,641 62,629
2025 69,612 69,610 91,301 92,167 131,988 63,385 63,378
2026 70,108 70,108 95,707 96,699 143,643 63,504 63,502
2027 69,863 69,863 97,858 98,942 151,799 63,126 63,125

2028 69,620 69,620 98,909 100,053 157,445 62,887 62,886
2029 69,430 69,430 99,380 100,562 161,244 62,737 62,737
2030 69,542 69,542 99,795 100,998 163,965 62,877 62,877

F

2017 0.82 0.82 0.82 0.82 0.82 0.82 0.82
2018 0.34 0.31 0.29 0.29 0.00 0.42 0.34
2019 0.31 0.31 0.29 0.29 0.00 0.37 0.31
2020 0.30 0.32 0.29 0.29 0.00 0.36 0.38
2021 0.38 0.37 0.29 0.29 0.00 0.44 0.45
2022 0.51 0.51 0.29 0.29 0.00 0.61 0.62
2023 0.59 0.59 0.29 0.29 0.00 0.71 0.71
2024 0.61 0.61 0.29 0.29 0.00 0.73 0.73
2025 0.62 0.62 0.29 0.29 0.00 0.74 0.74
2026 0.62 0.62 0.29 0.29 0.00 0.74 0.74
2027 0.62 0.62 0.29 0.29 0.00 0.73 0.73
2028 0.62 0.62 0.29 0.29 0.00 0.73 0.73
2029 0.62 0.62 0.29 0.29 0.00 0.73 0.73
2030 0.62 0.62 0.29 0.29 0.00 0.73 0.73
Catch

2017 48,940 48,940 48,940 48,940 48,940 48,940 48,940
2018 19,44 18,000 17,206 16,730 0 23,565 19,401
2019 17,168 17,000 16,562 16,180 0 19,247 17,168
2020 15,980 17,187 16,134 15,804 0 17,996 20,067
2021 24,148 24,076 19,295 18,891 0 26,657 27,643
2022 43,988 43,%2 26,711 26,119 0 49,414 49,746
2023 58,950 58,905 34,370 33,622 0 65,421 65,429
2024 64,721 64,709 39,754 38,931 0 70,337 70,305
2025 66,575 66,574 43,076 42,229 0 71,469 71,454
2026 67,007 67,007 44962 44,113 0 71,461 71,457
2027 66,671 66,672 45,849 45,012 0 70,856 70,855
2028 66,400 66,400 46,222 45,398 0 70,479 70,479
2029 66,168 66,168 46,374 45,559 0 70,297 70,297
2030 66,282 66,282 46,539 45,727 0 70,463 70,463




Table 2.30 Gulf of Alaska Pacific cod catch and-e&ssel dataTotaland retained catch (thousand
metric tons), ewesselalue (millionUS$) and price (US$ per poundhook and line and pot
gear share of catcinshore sectoshare of catcmumber of vesseR007#2011 average and

20122016.

Avg 07-11 2012 2013 2014 2015 2016
Total catch K mt 65.6 77.9 68.6 84.8 79 64.1
Retained catch K mt 62.7 76.9 63.9 79.5 77.2 63.1
Ex-vessel value M $ $51.3 $59.6 $37.2 $52.1 $50.0 $41.0
Ex-vessel price Ib $ $0.371 $0.352 $0.264 $0.297 $0.293 $0.294
Hook & line share of catch 27% 27% 21% 23% 20% 17%
Pot gear share of catch 48% 48% 49% 48% 52% 60%
Central Gulf share of catch 61% 66% 58% 59% 60% 53%
Shoreside share of catch 88% 91% 92% 91% 92% 92%
Vessels # 437.2 504 350 341 382 358

Source: NMFS Alaska Region Blend and Caaclcounting System estimates; NMFS Alaska Regione&t
Production Reports; antiDF&G Commercial Operators Annual Reports (COAR). Data comgifetprovided by
the AlaskaFisheres Information Network (AKFIN).

Table 2.31 Gulf of Alaska Pacific cod firstvholesale market dat&irst-wholesalegproduction (thousand
metric tons), value (millioS$), price (US$ per pouldillet and head and gut waine
(thousand metric tonsyalue share, and price (US$ per pouirishore share of valugp07
2011 average and 202D16.

Avg 07-11 2012 2013 2014 2015 2016
All Products volume K mt 27.58 34.09 23.80 31.07 32.00 21.65
All Products value M $ $102.1  $113.6 $94.2 $118.1 $102.9 $90.2
All Products price Ib $ $1.68 $1.51 $1.80 $1.72 $1.46 $1.89
Fillets volume K mt 7.23 9.08 9.70 9.85 6.39 7.87
Fillets value share 48.2% 50.1% 71.3% 57.1% 36.2% 64.6%
Fillets price Ib $ $3.09 $2.84 $3.14 $3.10 $2.64 $3.36
Head & Gut volume K mt 12.50 15.37 6.63 13.95 19.05 8.43
Head & Gut value share 37.5% 35.4% 15.6% 32.6% 51.1% 22.4%
Head & Gut price Ib $ $1.39 $1.19 $1.01 $1.25 $1.25 $1.09

Source: NMFS Alaska Region Blend and Catclcounting System estimates; NMFS Alaska Regiore&st
Production Reports; anrdiDF&G Commercial Operators Annual Reports (COAR). Data compiledhamdded by
the AlaskaFisheries Information Network (AKFIN).



Table 2.32od U.S. trade and global market data. Global produdiimugand metric togsU.S. share
of global production,andiEr oped6s share of gl obal producti on
metric tons), value (million US$), aqtice US$ per pound); U.S. cod consumption
(estimated), and share of domestic production remaining in the U.S. (estimated); stmat¢he
of U.S.expot volume andsaluefor head and gut (H&G), fillets, China, Japan, and Germany
and Netherlands; 20e2011 average and 20PD17.

2017
Avg 07-11 2012 2013 2014 2015 2016 (thru Jduly)
Global cod catch K mt 1,272 1,600 1,831 1,853 1,764 - -
U.S. P. cod share of global catc 19.7% 20.7% 17.0% 17.7% 18.1% - -
Europe share of global catch 72.3% 73.2% 76.7%  75.9% 74.8% - -
Pacific cod share of U.S. catch 96.7% 98.6%  99.3% 99.3%  99.5% - -
U.S. cod consumption K mt (est.) 80 97 104 114 107 113 -
Share of U.S. cod not exported 25% 30% 31% 31% 26% 29% -
Export volume K mt 90.3 111.1 101.8 107.3 113.2 105.2 67.7
Export value M US$ $286.3 $363.6 $308.0 $314.2 $335.0 $311.7 $208.0
Export price Ib US$ $1.439 $1.485 $1.373 $1.328 $1.342 $1.344 $1.393
Frozen volume Share 68% 80% 91% 92% 91% 94% 94%
(H&G) value share 68% 80% 89% 91% 90% 92% 92%
Fillets volume Share 13% 9% 4% 2% 3% 3% 5%
value share 16% 11% 5% 4% 4% 4% 6%
China volume Share 27% 46% 51% 54% 53% 55% 59%
value share 25% 43% 48% 51% 51% 52% 57%
S volume Share 18% 16% 13% 16% 13% 14% 12%
value share 18% 16% 13% 16% 14% 15% 13%
Netherlands volume Share 11% 8% 8% 9% 8% 5% 3%
& Germany value share 12% 9% 9% 10% 8% 5% 3%
Notes: Pacific cod in this table is for all u. s. Unl e s
RussiaNorway, and Iceland account for the majoritygofi r ope és cod catch which is |

Barents sea.

SourceFAO Fisheries & Aquaculture Dept. Statistio$p://www.fao.org/fishery/statigts/en NOAA Fisheries,
Fisheries Statistics Division, Foreign Trade Division of the U.S. Census Bureau,
http://www.st.nmfs.noaa.gov/commerci@heries/foreigrrade/inegx. U.S. Department of
Agriculture http://www.ers.usda.gov/daf@oducts/agriculturaéxchangeate dataset.aspx



http://www.fao.org/fishery/statistics/en
http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index
http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx
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Figure 21 Gulf of Alaska mean lengths with climate reconstruction. The shaded boxes represent
periods of significant changes in air temperature, sea surface temperature, storminess, and
ocean circulation that drive ocean productivity. The lightly shaded bepessent
periods of cooler and stormier environments, which are generally more productive, while
the darkly shaded boxes represent warmer and generally less productive environments.
Dates are presented as calibrated means; (FromeéBett011; Figure 1.4).
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Figure 22. Sea surface temperatures (top) and larval abundance from late spring icthyoplankton

surveys in the Gulf of Alaska using all stations within a core area covering the Shelikof
Sea valley and Semidi bank area.
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Figure 23 Log larval area weighted CPUE from late spring icthyoplankton surveys in the Gulf of
Alaska using all stations within a core area covering the Shelikof Sea valley and Semidi
bank area by mean annual temperature at B8tom depth in the Central GOA from the

CFSRreanalysis data.
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Figure 24 Annual centers of distribution of Pacific cod by temperature and depth for five size

categories from the GOA bottom trawl survey. The red and bluespmiatgreater or less

than 0.66 standard deviations from the 12067 bottom temperature mean for the

Central GOA.
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Figure 26 Gulf of Alaska Pacific cod catch from 192D17. Note that 2017 catch was estimated.

Figure 27 Commercial catch of Pacific cod in the Gulf of Alagka20knt grid for 19962015.



