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3. Assessment of the sablefish stock in Alaska
by
Dana H. Hanselman, Chris R. Lunsford, and Cara J. Rodgveller

Executive Summary

Summary of changes in assessment inputs

Relative to last year’s assessment, we made the following substantive changes in the current assessment.

Changes in the input data: New data included in the assessment model were relative abundance and
length data from the 2015 longline survey, relative abundance and length data from the 2014 longline
fishery, length data from the 2014 trawl fisheries, age data from the 2014 longline survey and 2014 fixed
gear fishery, the 2015 Gulf of Alaska trawl survey abundance and length compositions, updated catch for
2014, and projected 2015- 2017 catches.

Changes in the assessment methodology. There are no model changes.
Summary of results

As estimated or As estimated or
specified /ast year for: recommended this year for:

Quantity/Status 2015 2016 2016* 2017*
M (natural mortality rate) 0.10 0.10 0.10 0.10
Tier 3b 3b 3b 3b
Projected total (age 2+) biomass (t) 219,997 227,042 204,796 214,552
Projected female spawning biomass (t) 91,183 88,345 86,471 81,986

Biooos 262,269 262,269 257,018 257,018

By 104,908 104,908 102,807 102,807

Bjsso, 91,794 91,794 89,956 89,956
Forr 0.098 0.091 0.093 0.086
maxF ¢ 0.082 0.078 0.078 0.073
Fpc 0.082 0.078 0.078 0.073
OFL (t) 16,128 14,658 13,397 12,747
max ABC (t) 13,657 12,406 11,795 10,782
ABC (1) 13,657 12,406 11,795 10,782

As determined last As determined this year
Status year for: for:
2013 2014 2014 2015

Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No

* Projections are based on estimated catches 0f 9,781 t and 8,715 t used in place of maximum permissible ABC for
2016 and 2017. This was done in response to management requests for a more accurate two-year projection.

Assessment results

The longline survey abundance index decreased 21% from 2014 to 2015 following a 15% increase from
2013 to 2014 and is at the lowest point of the time series. The fishery abundance index increased 6% from
2013 to 2014 (the 2015 data are not available yet). The Gulf of Alaska trawl survey index was at its
lowest point in 2013 but increased 12% in 2015. Spawning biomass is projected to decrease from 2016 to
2019, and then stabilize.
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Sablefish are managed under Tier 3 of NPFMC harvest rules. Reference points are calculated using
recruitments from 1977-2012. The updated point estimates of Bge;, Fyge,, and F;se, from this assessment
are 102,807 t (combined across the EBS, Al, and GOA), 0.094, and 0.112, respectively. Projected female
spawning biomass (combined areas) for 2016 is 86,471 t (84% of B,gs;), placing sablefish in sub-tier “b”
of Tier 3. The maximum permissible value of F4zc under Tier 3b is 0.078, which translates into a 2016
ABC (combined areas) of 11,795 t. The OFL fishing mortality rate is 0.093 which translates into a 2016
OFL (combined areas) of 13,397 t. If the stock were in Tier 3a (above the B, reference point), the 2016
ABC would be 14,164 t. Model projections indicate that this stock is not subject to overfishing,
overfished, nor approaching an overfished condition.

We recommend a 2016 ABC of 11,795 t. The maximum permissible ABC for 2016 based on Tier 3b of
the harvest control rule, uses an adjusted £y, which yields 11,795 t. The maximum permissible ABC for
2016 is 14% lower than the 2015 ABC of 13,657 t. The 2014 assessment projected a 10% decrease in
ABC for 2016 from 2015. This slightly larger decrease is supported by a new low in the domestic
longline survey index time series that offset the small increases in the fishery abundance index seen in
2014 and the Gulf of Alaska trawl survey index in 2015. The fishery abundance index has been trending
down since 2007. The 2014 IPHC GOA sablefish index was not used in the model, but was similar and
trending low in 2013 and 2014. The 2008 year class showed potential to be large in previous assessments
based on patterns in the age and length compositions. However the estimate in this year’s assessment is
only just above average because the recent large overall decrease in the longline survey and trawl indices
have lowered the overall scale of the population. Spawning biomass is projected to decline through 2018,
and then is expected to increase assuming average recruitment is achieved in the future. ABCs are
projected to decrease in 2017 to 10,782 t and 10,869 t in 2018 (see Table 3.18).

Projected 2016 spawning biomass is 34% of unfished spawning biomass. Spawning biomass had
increased from a low of 33% of unfished biomass in 2002 to 42% in 2008 and has now declined back to
34% of unfished biomass projected for 2016. The 1997 year class has been an important contributor to the
population; however, it has been reduced and is predicted to comprise less than 6% of the 2016 spawning
biomass. The last two above-average year classes, 2000 and 2008, each comprise 15% of the projected
2016 spawning biomass. The 2008 year class will be about 75% mature in 2016.

Apportionment

In December 1999, the Council apportioned the 2000 ABC and OFL based on a 5-year exponential
weighting of the survey and fishery abundance indices. We have used the same algorithm to apportion the
ABC and OFL since 2000. Following the standard apportionment scheme, we have observed that the
objective to reduce variability in apportionment was not being achieved. Since 2007, the mean change in
apportionment by area has increased annually (Figure 3.36A). While some of these changes may actually
reflect interannual changes in regional abundance, they most likely reflect the high movement rates of the
population and the high variability of our estimates of abundance in the Bering Sea and Aleutian Islands.
For example, the apportionment for the Bering Sea has varied drastically since 2007, attributable to high
variability in both survey abundance and fishery CPUE estimates in the Bering Sea (Figure 3.36B). These
large annual changes in apportionment result in increased variability of ABCs by area, including areas
other than the Bering Sea (Figure 3.36C). Because of the high variability in apportionment seen in recent
years, we do not believe the standard method is meeting the goal of reducing the magnitude of interannual
changes in the apportionment. Because of these reasons, we recommended fixing the apportionment at the
proportions from the 2013 assessment, until the apportionment scheme is thoroughly reevaluated and
reviewed. A Ph.D. student with the University of Alaska-Fairbanks began a project in 2013 with the
objectives of re-examining the apportionment strategy and conducting a management strategy evaluation.
A spatial sablefish model has been developed, but the management strategy evaluation is in early stages
of development. Meanwhile, it seems imprudent to move to an interim apportionment or return to the
former scheme until more satisfactory methods have been identified and evaluated. Therefore, for 2016,
we recommend continuing with the apportionment fixed at the proportions used in 2015.
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Standard Recommended fixed

apportionment apportionment Difference
Area 2015 ABC for 2016 ABC for 2016 ABC" from 2015
Total 13,657 11,795 11,795 -13.6%
Bering Sea 1,333 1,816 1,151 -13.6%
Aleutians 1,802 1,627 1,557 -13.6%
Gulf of Alaska (subtotal) 10,522 8,352 9,087 -13.6%
Western 1,473 1,136 1,272 -13.6%
Central 4,658 3,451 4,023 -13.6%
W. Yakutat 1,567 1,374 1,353 -13.6%
E. Yak. / Southeast” 2,823 2,391 2,438 -13.6%

" Fixed at the 2013 assessment apportionment proportions (Hanselman et al. 2012). ~ Before 95:5 hook
and line: trawl split shown below.

Adjusted for 95:5 hook- Year W. Yakutat E. Yakutat/Southeast
and-line: trawl split in 2016 1,475t 2,316t
EGOA 2017 1,348 t 2,118t

Plan team summaries

Area Year Biomass (4+) OFL ABC TAC Catch

GOA 2014 149,000 12,500 10,572 10,572 10,343
2015 130,000 12,425 10,522 10,522 9,525
2016 122,000 10,326 9,087
2017 123,000 9,825 8,307
BS 2014 21,000 1,584 1,339 1,339 315
2015 34,000 1,574 1,333 1,333 197
2016 25,000 1,304 1,151
2017 26,000 1,241 1,052
Al 2014 28,000 2,141 1,811 1,811 818
2015 24,000 2,128 1,802 1,802 372
2016 23,000 1,766 1,557
2017 23,000 1,681 1,423
Year 2015 2016 2017
Region OFL ABC TAC Catch* OFL ABC OFL ABC
BS 1,574 1,333 1,333 197 1,304 1,151 1,241 1,052
Al 2,128 1,802 1,802 372 1,766 1,557 1,681 1,423
GOA 12,425 10,522 10,522 9,525 10,326 9,087 9,825 8,307
WGOA - 1,473 1,473 867 -- 1,272 -- 1,163
CGOA - 4,658 4,658 4,176 -- 4,023 -- 3,678
**WYAK -- 1,708 1,708 1,794 -- 1,475 -- 1,348
**EY/SEO -- 2,682 2,682 2,688 -- 2,316 -- 2,118
Total | 16,128 13,657 13,657 10,094 13,397 11,795 | 12,747 10,782

"As of October 29, 2015 Alaska Fisheries Information Network, (www.akfin.org). T After 95:5 trawl split shown
above.
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Responses to SSC and Plan Team Comments on Assessments in General

“The SSC requests that stock assessment authors utilize the following model naming conventions in SAFE
chapters:

Model 0: last years’ model with no new data,

Model 1: last years’ model with updated data, and

Model numbers higher than 1 are for proposed new models.”: SSC, December 2014

“For this year’s final assessments, the Teams recommend that each author of an age-structured
assessment use one of the following model naming conventions (“TPA” represents the alternative
described in the Team procedures document)...”: Joint Plan Team, September, 2015

“Of the options presented in the Joint Plan Teams minutes, the SSC agrees that
that Option 4 has several advantages and recommends that this Option be advanced next year.”: SSC,
October 2015

For this assessment, we will use the simplified convention suggested in the December SSC minutes and
will investigate further detailed naming for the next assessment cycle in 2016.

The SSC also requests that stock assessment authors utilize the random effects model for area
apportionment of ABCs”: SSC, December 2014

“The Teams recommend that the random effects survey smoothing model be used as a default for
determining current survey biomass and apportionment among areas.”: Joint Plan Teams, September
2015

The sablefish model has used a 5 year exponential smoothing model of fishery and survey CPUE
developed at the Council level that was based on the univariate Kalman filter model. This is similar to the
random effects apportionment model, which smooths biomass by balancing process and measurement
error. We will examine the random effects apportionment model in the future as different apportionment
options are being examined for sablefish.

Responses to SSC and Plan Team Comments Specific to this Assessment
There were no recommendations specific to sablefish in 2014 or 2015.
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Introduction

Distribution

Sablefish (Anoplopoma fimbria) inhabit the northeastern Pacific Ocean from northern Mexico to the Gulf
of Alaska (GOA), westward to the Aleutian Islands (Al), and into the Bering Sea (BS) (Wolotira et al.
1993). Adult sablefish occur along the continental slope, shelf gullies, and in deep fjords, generally at
depths greater than 200 m. Sablefish observed from a manned submersible were found on or within 1 m
of the bottom (Krieger 1997). In contrast to the adult distribution, juvenile sablefish spend their first two
to three years on the continental shelf of the GOA, and occasionally on the shelf of the southeast BS. The
BS shelf is utilized significantly in some years and seldom used during other years (Shotwell et al. 2012).

Early life history

Spawning is pelagic at depths of 300-500 m near the edges of the continental slope (Mason et al. 1983,
McFarlane and Nagata 1988), with eggs developing at depth and larvae developing near the surface as far
offshore as 180 miles (Wing 1997). Along the Canadian coast (Mason et al. 1983) and off Southeast
Alaska (Jennifer Stahl, February, 2010, ADF&G, pers. comm.) sablefish spawn from January-April with
a peak in February. In a survey near Kodiak Island in December, 2011 that targeted sablefish preparing to
spawn, spawning appeared to be imminent, but spent fish were not found. It is likely that they would
spawn in January or February (Katy Echave, October 2012, AFSC, pers. comm.). Farther down the coast
off of central California sablefish spawn earlier, from October-February (Hunter et al. 1989). An analysis
of larval otoliths showed that spawning in the Gulf of Alaska may be a month later than southern
sablefish (Sigler et al. 2001). Sablefish in spawning condition were also noted as far west as Kamchatka
in November and December (Orlov and Biryukov 2005). Larval sablefish sampled by neuston net in the
eastern Bering Sea fed primarily on copepod nauplii and adult copepods (Grover and Olla 1990). In gill
nets set at night for several years on the AFSC longline survey, most young-of-the-year sablefish were
caught in the central and eastern GOA (Sigler et al. 2001). Near the end of the first summer, pelagic
juveniles less than 20 cm move inshore and spend the winter and following summer in inshore

waters where they exhibit rapid growth, reaching 30-40 cm by the end of their second summer (Rutecki
and Varosi 1997). Gao et al. (2004) studied stable isotopes in otoliths of juvenile sablefish from Oregon
and Washington and found that as the fish increased in size they shifted from midwater prey to more
benthic prey. In nearshore southeast Alaska, juvenile sablefish (20-45 cm) diets included fish such as
Pacific herring and smelts and invertebrates such as krill, amphipods and polychaete worms (Coutré et al.
2015). In late summer, juvenile sablefish also consumed post-spawning pacific salmon carcass remnants
in high volume revealing opportunistic scavenging (Coutré et al. 2015). After their second summer, they
begin moving offshore to deeper water, typically reaching their adult habitat, the upper continental slope
at 4 to 5 years. This corresponds to the age range when sablefish start becoming reproductively viable
(Mason et al. 1983).

Movement

A movement model for Alaskan sablefish was developed for Alaskan sablefish by Heifetz and Fujioka
(1991) based on 10 years of tagging data. The model has been updated by incorporating data from 1979-
2009 in an AD Model Builder program, with time-varying reporting rates, and tag recovery data from
ADF&G for State inside waters (Southern Southeast Inside and Northern Southeast Inside). In addition,
the study estimated mortality rates from the tagging data (Hanselman et al. 2015). Annual movement
probabilities were high, ranging from 10-88% depending on area of occupancy at each time step, and size
group. Overall, movement probabilities were very different between areas of occupancy and moderately
different between size groups. Estimated annual movement of small sablefish from the central Gulf of
Alaska had the reverse pattern of a previous study, with 29% moving westward and 39% moving
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castward. Movement probabilities also varied annually with decreasing movement until the late 1990s and
increasing movement until 2009. Year specific magnitude in movement probability of large fish was
highly negatively correlated with female spawning biomass estimates from the federal stock assessment
(i.e., when spawning biomass is high, they move less). Average mortality estimates from time at liberty
were similar to the stock assessment.

Stock structure

Sablefish have traditionally been thought to form two populations based on differences in growth rate,
size at maturity, and tagging studies (McDevitt 1990, Saunders et al. 1996, Kimura et al. 1998). The
northern population inhabits Alaska and northern British Columbia waters and the southern population
inhabits southern British Columbia, Washington, Oregon, and California waters, with mixing of the two
populations occurring off southwest Vancouver Island and northwest Washington. Significant stock
structure among the federal Alaska population is unlikely given extremely high movement rates
throughout their lives (Hanselman et al. 2015, Heifetz and Fujioka 1991, Maloney and Heifetz 1997,
Kimura et al. 1998).

Fishery

Early U.S. fishery, 1957 and earlier

Sablefish have been exploited since the end of the 19™ century by U.S. and Canadian fishermen. The
North American fishery on sablefish developed as a secondary activity of the halibut fishery of the United
States and Canada. Initial fishing grounds were off Washington and British Columbia and then spread to
Oregon, California, and Alaska during the 1920's. Until 1957, the sablefish fishery was exclusively a U.S.
and Canadian fishery, ranging from off northern California northward to Kodiak Island in the GOA;
catches were relatively small, averaging 1,666 t from 1930 to 1957, and generally limited to areas near
fishing ports (Low et al. 1976).

Foreign fisheries, 1958 to 1987

Japanese longliners began operations in the eastern BS in 1958. The fishery expanded rapidly in this area
and catches peaked at 25,989 t in 1962 (Table 3.1, Figures 3.1, 3.2). As the fishing grounds in the eastern
Bering were preempted by expanding Japanese trawl fisheries, the Japanese longline fleet expanded to the
Al region and the GOA. In the GOA, sablefish catches increased rapidly as the Japanese longline fishery
expanded, peaking at 36,776 t overall in 1972. Catches in the Al region remained at low levels with Japan
harvesting the largest portion of the sablefish catch. Most sablefish harvests were taken from the eastern
Being Sea until 1968, and then from the GOA until 1977. Heavy fishing by foreign vessels during the
1970's led to a substantial population decline and fishery regulations in Alaska, which sharply reduced
catches. Catch in the late 1970's was restricted to about one-fifth of the peak catch in 1972, due to the
passage of the Fishery Conservation and Management Act (FCMA).

Japanese trawlers caught sablefish mostly as bycatch in fisheries targeting other species. In the BS, the
trawlers were mainly targeting rockfishes, Greenland turbot, and Pacific cod, and only a few vessels
targeted sablefish. In the GOA, sablefish were mainly caught as bycatch in the directed Pacific Ocean
perch fishery until 1972, when some vessels started targeting sablefish in 1972 (Sasaki 1985).

Other foreign nations besides Japan also caught sablefish. Substantial Soviet Union catches were reported
from 1967-73 in the BS (McDevitt 1986). Substantial Korean catches were reported from 1974-1983
scattered throughout Alaska. Other countries reporting minor sablefish catches were Republic of Poland,
Taiwan, Mexico, Bulgaria, Federal Republic of Germany, and Portugal. The Soviet gear was factory-type
stern trawl and the Korean gears were longlines and pots (Low et al. 1976).
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Recent U.S. fishery, 1977 to present

The U.S. longline fishery began expanding in 1982 in the GOA, and by 1988, the U.S. harvested all
sablefish taken in Alaska, except minor joint venture catches. Following domestication of the fishery, the
previously year-round season in the GOA began to shorten in 1984 from 12 months in 1983 to 10 days in
1994, warranting the label “derby” fishery.

In 1995, Individual Fishery Quotas (IFQ) were implemented for hook-and-line vessels along with an 8-
month season. The IFQ Program is a catch share fishery that issued quota shares to individuals based on
sablefish and halibut landings made from 1988-1990. Since the implementation of IFQ’s, the number of
longline vessels with sablefish IFQ harvests has experienced a substantial anticipated decline from 616 in
1995 to 362 in 2011 (NOAA 2012). This decrease was expected as shareholders have consolidated their
holdings and fish them off fewer vessels to reduce costs (Fina 2011). The sablefish fishery has historically
been a small boat fishery; the median vessel length in the 2011 fishery was 56ft. In recent years,
approximately 30% of vessels eligible to fish in the IFQ fishery participate in both the halibut and
sablefish fisheries and approximately 40% of vessels fish in more than one management area. The season
dates have varied by several weeks since 1995, but the monthly pattern has been from March to
November with the majority of landings occurring in May - June. The number of landings fluctuates with
quota size, but in 2011 there were 1,726 landings recorded in the Alaska fishery (NOAA 2012).

Pot fishing in the IFQ fishery is not allowed in the GOA but is legal in the BSAI regions. In 2000, the pot
fishery accounted for less than ten percent of the fixed gear sablefish catch in these areas but effort has
increased substantially in response to killer whale depredation. Pots are longlined with approximately 40-
135 pots per set. Since 2004, pot gear has accounted for over 50% of the BS fixed gear IFQ catch and up
to 34% of the fixed gear catch in the Al

Sablefish also are caught incidentally during directed trawl fisheries for other species groups such as
rockfish and deepwater flatfish. Allocation of the TAC by gear group varies by management region and
influences the amount of catch in each region (Table 3.1, Figures 3.1, 3.2). Five State of Alaska fisheries
land sablefish outside the IFQ program; the major State fisheries occur in the Prince William Sound,
Chatham Strait, and Clarence Strait and the minor fisheries in the northern GOA and Al. The minor state
fisheries were established by the State of Alaska in 1995, the same time as the Federal Government
established the IFQ fishery, primarily to provide open-access fisheries to fishermen who could not
participate in the IFQ fishery.

IFQ management has increased fishery catch rates and decreased the harvest of immature fish (Sigler and
Lunsford 2001). Catching efficiency (the average catch rate per hook for sablefish) increased 1.8 times
with the change from an open-access to an IFQ fishery. The change to IFQ also decreased harvest and
discard of immature fish which improved the chance that these fish will reproduce at least once. Thus, the
stock can provide a greater yield under IFQ at the same target fishing rate because of the selection of
older fish (Sigler and Lunsford 2001).

Longline gear in Alaska is fished on-bottom. Since the inception of the IFQ system, average set length in
the directed fishery for sablefish has been near 9 km and average hook spacing near1.2 m. The gear is
baited by hand or by machine, with smaller boats generally baiting by hand and larger boats generally
baiting by machine. Circle hooks are usually used, except for modified J-hooks on some boats with
machine baiters. The gear usually is deployed from the vessel stern with the vessel traveling at 5-7 knots.
Some vessels attach weights to the longline, especially on rough or steep bottom, so that the longline
stays in place on bottom.

Management measures/units

A summary of historical catch and management measures pertinent to sablefish in Alaska are shown in
Table 3.7. Influential management actions regarding sablefish include:

NPFMCBering Sea Aleutianislandsand Gulf of AlaskaSAFE
Page621



AK Sablefish DecembeR015

Management units

Sablefish are assessed as a single population in Federal waters off Alaska because of their high movement
rates. Sablefish are managed by discrete regions to distribute exploitation throughout their wide
geographical range. There are four management areas in the GOA: Western, Central, West Yakutat, and
East Yakutat/Southeast Outside; and two management areas in the Bering Sea/Aleutian Islands (BSAI):
the BS and the Al regions. Amendment 8 to the GOA Fishery Management Plan established the West and
East Yakutat management areas for sablefish, effective 1980.

Quota allocation

Amendment 14 to the GOA Fishery Management Plan allocated the sablefish quota by gear type: 80% to
fixed gear (including pots) and 20% to trawl in the Western and Central GOA, and 95% to fixed gear and
5% to trawl in the Eastern GOA, effective 1985. Amendment 15 to the BS/AI Fishery Management Plan,
allocated the sablefish quota by gear type, 50% to fixed gear and 50% to trawl in the eastern BS, and 75%
to fixed gear and 25% to trawl gear in the Aleutians, effective 1990.

IFQ management

Amendment 20 to the GOA Fishery Management Plan and 15 to the BS/AI Fishery Management Plan
established IFQ management for sablefish beginning in 1995. These amendments also allocated 20% of
the fixed gear allocation of sablefish to a CDQ reserve for the BS and Al

Maximum retainable allowances

Maximum retainable allowances for sablefish as the “incidental catch species” were revised in the GOA
by a regulatory amendment, effective April, 1997. The percentage depends on the basis species: 1% for
pollock, Pacific cod, Atka mackerel, “other species”, and aggregated amount of non-groundfish species.
Fisheries targeting deep flatfish, rex sole, flathead sole, shallow flatfish, Pacific ocean perch, northern
rockfish, dusky rockfish, and demersal shelf rockfish in the Southeast Outside district, and thornyheads
are allowed 7%. The MRA for arrowtooth flounder changed effective 2009 in the GOA, to 1% for
sablefish as the basis species.

Allowable gear

Amendment 14 to the GOA Fishery Management Plan banned the use of pots for fishing for sablefish in
the GOA, effective 18 November 1985, starting in the Eastern area in 1986, in the Central area in 1987,
and in the Western area in 1989. An earlier regulatory amendment was approved in 1985 for 3 months (27
March - 25 June 1985) until Amendment 14 was effective. A later regulatory amendment in 1992
prohibited longline pot gear in the BS (57 FR 37906). The prohibition on sablefish longline pot gear use
was removed for the BS, except from 1 to 30 June to prevent gear conflicts with trawlers during that
month, effective 12 September 1996. Sablefish longline pot gear is allowed in the Al In April of 2015 the
NPFMC passed a motion to again allow for sablefish pot fishing in the GOA in response to increased
sperm whale depredation. The final motion was passed and the new regulations are expected in early
2016. We will carefully monitor the development of this gear type in the Gulf of Alaska.

Catch

Annual catches in Alaska averaged about 1,700 t from 1930 to 1957 and exploitation rates remained low
until Japanese vessels began fishing for sablefish in the BS in 1958 and the GOA in 1963. Catches rapidly
escalated during the mid-1960s. Annual catches in Alaska reached peaks in 1962, 1972, and 1988 (Table
3.1, Figure 3.2). The 1972 catch was the all-time high, at 53,080 t, and the 1962 and 1988 catches were
50% and 72% of the 1972 catch. Evidence of declining stock abundance and passage of the MSFCMA led
to significant fishery restrictions from 1978 to 1985, and total catches were reduced substantially.

Exceptional recruitment fueled increased abundance and increased catches during the late 1980's, which
coincided with the domestic fishery expansion. Catches declined during the 1990's, increased in the early
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2000s, and have since declined to near 12,000 t (Figure 3.1). TACs in the GOA are nearly fully utilized,
while TACs in the BS and Al are rarely fully utilized.

Bycatch and discards

Sablefish discards by target fisheries are available for hook-and-line gear and other gear combined (Table
3.3). From 1994 to 2004 discards averaged 1,357 t for the GOA and BSAI combined (Hanselman et al.
2008). Since then, discards have been lower, averaging 608 t between 2007 and 2014. Discard rates are
generally higher in the GOA than in the BSAI (Table 3.3).

Table 3.4 shows the average bycatch of Fishery Management Plans’ (FMP) groundfish species in the
sablefish target fishery from 2009-2015. The largest bycatch group is GOA thornyhead rockfish (575
t/year, 174 t discarded). Sharks and skates are also taken in substantial numbers and are mostly discarded.

Giant grenadiers, a non-target species that is soon entering both FMPs as an Ecosystem Component, make
up the bulk of the nontarget species bycatch, with 2013 the highest in the last five years at 7,929 t (Table
3.5). Other nontarget taxa that have catches over one ton per year are corals, snails, sponges, sea stars, and
miscellaneous fishes and crabs.

Prohibited species catches (PSC) in the targeted sablefish fisheries are dominated by halibut (334 t/year
on average) and golden king crab (47,000 individuals/year on average) (Table 3.6). Crab catches are
highly variable from year to year, probably as a result of relatively low observer sampling effort in
sablefish fisheries.

Data

The following table summarizes the data used for this assessment:

Source Data Years
Fixed gear fisheries Catch 1960-2015
Trawl fisheries Catch 1960-2015
Japanese longline fishery Catch-per-unit-effort (CPUE) 1964-1981
U.S. fixed gear fishery CPUE, length 1990-2014
Age 1999-2014
U.S. trawl fisheries Length 1990,1991,1999, 2005-2014
Japan-U.S. cooperative longline CPUE, length 1979-1994
survey
Age 1981, 1983, 1985, 1987, 1989, 1991,
1993
Domestic longline survey CPUE, length 1990-2015
Age 1996-2014
NMFS GOA trawl survey Abundance index 1984, 1987, 1990, 1993, 1996, 1999,
2003, 2005, 2007, 2009, 2011, 2013,
2015
Lengths 1984, 1987, 1990, 1993, 1996, 1999,
2003, 2005, 2007, 2009, 2011, 2013
Fishery

Length, catch, and effort data were historically collected from the Japanese and U.S. longline and trawl
fisheries, and are now collected from U.S. longline, trawl, and pot fisheries (Table 3.8). The Japanese data
were collected by fishermen trained by Japanese scientists (L. L. Low, August 25, 1999, AFSC, pers.
comm.). The U.S. fishery length and age data were collected by at-sea and plant observers. No age data
were collected from the fisheries until 1999 because of the difficulty of obtaining representative samples
from the fishery and because only a small number of sablefish can be aged each year.
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Catch

The catches used in this assessment (Table 3.1) include catches from minor State-managed fisheries in the
northern GOA and in the Al region because fish caught in these State waters are reported using the area
code of the adjacent Federal waters in the Alaska Regional Office catch reporting system (G. Tromble,
July 12, 1999, Alaska Regional Office, pers. comm.), the source of the catch data used in this assessment.
Minor State fisheries catches averaged 180 t from 1995-1998, about 1% of the average total catch. Most
of the catch (80%) is from the Al region. The effect of including these State waters catches in the
assessment is to overestimate biomass by about 1%, a negligible error considering statistical variation in
other data used in this assessment. Catches from state areas that conduct their own assessments and set
Guideline Harvest levels (e.g., Prince William Sound, Chatham Strait, and Clarence Strait), are not
included in this assessment.

Some catches probably were not reported during the late 1980's (Kinoshita et al. 1995). Unreported
catches could account for the Japan-U.S. cooperative longline survey index’s sharp drop from 1989-90
(Table 3.8, Figures 3.3). We tried to estimate the amount of unreported catches by comparing reported
catch to another measure of sablefish catch, sablefish imports to Japan, the primary buyer of sablefish.
However the trends of reported catch and imports were similar, so we decided to change our approach for
catch reporting in the 1999 assessment (Sigler et al. 1999). We assumed that non-reporting is due to at-sea
discards, and apply discard estimates from 1994 to 1997 to inflate U.S. reported catches in all years prior
to 1993 (2.9% for hook-and-line and 26.6% for trawl).

In response to Annual Catch Limit (ACL) requirements, assessments now document all removals
including catch that are not associated with a directed fishery. Research catches of sablefish have been
reported in previous stock assessments (Hanselman et al. 2009). Estimates of all removals not associated
with a directed fishery including research catches are available and are presented in Appendix 3B. The
sablefish research removals are small relative to the fishery catch, but substantial compared to the
research removals for many other species. These research removals support a dedicated longline survey.
Additional sources of significant removals are bottom trawl surveys and the International Pacific Halibut
Commission’s longline survey. Other removals are relatively minor for sablefish but the sport fishery
catch has been increasing in recent years, but occurs primarily in State waters. Total removals from
activities other than directed fishery have been between 239-359 t since 2006. These catches are not
included in the stock assessment model. These removal estimates equate to approximately 2% of the
recommended ABC and represent a relatively low risk to the sablefish stock.

Lengths

We use length compositions from the U.S. fixed gear (longline and pot) and U.S. trawl fisheries which are
both measured by sex. The fixed gear fishery has large sample sizes and has annual data since 1990. The
trawl fishery had low levels of observer sampling in much of the 1990s and early 2000s, and has a much
smaller sample size than the fixed gear fishery. We only use years for the trawl fishery that have sample
sizes of at least 300 per sex. The length compositions are weighted by catch in each FMP management
area to obtain a representative estimate of catch-at-length.

Ages
We use age compositions from the U.S. fixed gear fishery since 1999. Sample sizes are similar to the

longline survey with about 1,200 otoliths aged every year. The age compositions are weighted by the
catch in each area to obtain a representative estimate of catch-at-age.

Longline fishery catch rate index

Fishery information is available from longline sets that target sablefish in the IFQ fishery. Records of
catch and effort for these vessels are collected by observers and by vessel captains in voluntary and
required logbooks. Fishery data from the Observer Program is available since 1990. Logbooks are
required for vessels over 60 feet beginning in 1999. Since 2000, a longline fishery catch rate index has
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been derived from observed sets and logbook data for use in the model and in apportionment. The mean
CPUE is scaled to a relative population weight by the total area size in each area. In the years that
logbook and observer CPUEs are available, the average of the two sources is computed by weighting with
the inverse of the coefficient of variation.

Targeted sablefish longline sample sizes

For analysis of observed sablefish catch rates in the sablefish target fishery, we first have to determine the
target of the set, because the target is not declared in the observer data set. To do this, we compare the
catch of sablefish to other target species that are typically caught on longline gear: Greenland turbot,
several rockfish species, Pacific halibut, and Pacific cod. Whichever target fishery has the greatest weight
in the set is regarded as the target Catch rates and sample sizes presented here only include sets where
sablefish were determined to be the target. The total weight of all sets recorded by observers determined
to be targeting sablefish represent on average 14% of the annual IFQ hook and line catch. In 2014 they
comprised 12% of the hook and line catch (1,407 mt). On average, the percent of the IFQ catch observed
is lowest in the EY/SE (5%), highest in WY and AI (~22%), and moderate in the BS, CGOA, and WGOA
(10-14%). In 2014 20% of catch in the Al catch was observed, 4% in the BS, 9% in the WG, 15% in the
CG, 18% in WY, and 10% in EY/SE. In 2014, coverage in EY/SE was higher than average and lower
than average in the BS and WY areas. This may partially be due to observer restructuring, where more
coverage was directed to smaller vessels, which are more common in EY/SE. Low longline fishery
sample sizes in the BS are also likely a result of poor observer coverage for sablefish directed trips and an
increase in pot fishing in the BS (Table 3.9). Because of confidentiality concerns, the catch rates with less
than three vessels cannot be shown.

Killer whales impact sablefish catch rates in the BS, Al and WGOA and these sets are excluded from
catch rate analyses in the observer data set. Whale data is not currently collected in logbooks. Since 2009,
there has been an increase in killer whale depredation in the WGOA (average 6% from 2010-2013);
however, this is only 7-22 sets per year. In the Al and BS, killer whale depredation has been variable,
ranging from 0-12 sets per year in each area. In 2014 there was sperm whale depredation on 10 sets in the
CGOA (1.7% of sets). Sperm whale depredation typically occurs in the CGOA, EY/SE, and WY. In
2014 7% of sets in the CG and EY were depredated and 20% in the WY. In 2014 there were a few sets
with sperm whale depredation in the Al (6 sets) and in the WGOA (5 sets). The percent of sets affected
by sperm whales varies greatly and determining if sperm whales are depredating can be subjective
because whales do not take the great majority of the catch, like killer whales do. Therefore, measures of
depredation in the fishery may not be accurate.

Logbook sample sizes are substantially higher than observer samples sizes, especially since 2004, and
have continued to rise annually in many management areas (WGOA, WY, CGOA) (Table 3.9). Logbook
participation increased sharply in 2004 in all areas primarily because the International Pacific Halibut
Commission (IPHC) was used to collect, edit, and enter logbooks electronically. This increasing trend is
likely due to the strong working relationship the IPHC has with fishermen, their diligence in collecting
logbooks dockside, and because many vessels <60 feet are now participating in the program voluntarily.
In 2014 68% of the logs collected that targeted sablefish were from vessels <60 ft. There is a higher
proportion of the catch documented by logbooks than by observers; 50% of the hook and line catch was
documented in logbooks, compared to 12% for observer data. Some data is included in both data sets if
logbooks are required and an observer was onboard.

Longline catch rates

Sets where there was killer whale depredation are excluded for catch rate calculations in observer data,
but whale depredation is not documented in logbooks and so no data are excluded. In general, catch rates
are highest in the EY/SE and WY areas and are lowest in the BS and Al (Table 3.9, Figures 3.5 and 3.6).
Recently, catch rate trends in the observer and logbook data have been similar in all areas except WY,
where observer data shows a sharp decrease in 2014 (25%) and logbooks show only a 1% decrease. Catch
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rates from logbooks were stable or slightly up in all areas while the sparser observer data were a little
more variable.

Longline spatial and temporal patterns

Changes in spatial or temporal patterns of the fishery may cause fishery catch rates to be unrepresentative
of abundance. For example, fishers sometimes target concentrations of fish, even as geographic
distribution shrinks when abundance declines (Crecco and Overholtz 1990). This could lead to an
incorrect interpretation of fishery catch rates, which could remain stable while the area occupied by the
stock was diminishing (Rose and Kulka 1999).

We examined fishery longline data for seasonal and annual differences in effort and catch rate (CPUE,
Ibs/hook). Such changes may cause fishery catch rates to be unrepresentative of abundance. In the
observed longline data since 2000, the majority of effort occurs in the spring, less in the summer, and
least in the fall. Since 1998, catch rates are also highest in the spring, moderate in the summer, and
variable in the fall (due to lower sample sizes in the fall). No temporal changes have emerged in the
logbook or observer data.

Seasonal changes in fish size

From 2012-2014 there was an increase in the quantity of logbook data providing estimates of catch in
weight and numbers. This enables us to examine the average fish weight by season and area. Data from
2012-2014 were combined to increase sample sizes. To further increase sample size, areas were
aggregated into BS/AI, CG/WGOA, and WY/EY/SE (EGOA). Data were included unless there was
missing weight or count information. There were very small differences between spring, summer, and fall
in the west and central areas and larger differences in the EGOA (see figure below). In EGOA, weight in
spring was 6.1 lbs, 7.1 1bs in summer, and 8.0 lbs in fall. Although fish size increases in the fall, catch
rates and effort decreases.

Average sablefish weight from logbooks

m BSAI
B CGOA/WGOA
 WEGOA

Pounds
(=] = a*] [¥8) = w ~ [o] £

Spring Summer Fall

Count of hook and line logbook sets used for calculations of average weight by area and season.

Area Spring Summer  Fall Total
BS/AI 1,255 925 445 2,625
CG/WG 2,203 1,797 595 4,595
EGOA 1,419 365 166 1,950

Pot fishery catch rate analysis

Pot catch rates: Because pot data are sparser than longline data, and in some years is confidential due to
fewer than 3 vessels participating, specific annual data are not presented. In addition, it is difficult to
discern trends, since pot catch rates have wider confidence intervals than longline data due to smaller
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sample sizes. Observed sets are determined to be targeting sablefish if sablefish comprise the greatest
weight in the set. Overall, there are more vessels in both the logbook and observer data from the sablefish
pot fishery in the BS than the Al. Since 2006, in the BS there have been from 3 to 9 vessels in logbook
data and 5 to 8 vessels in observer data. In the Al, there have been from 1 to 5 vessels in logbooks and 1
to 4 in observer data.

In logbook data, since 2009 the number of pots, sets, and vessels has decreased. For example, in logbooks
in 2014, only 276 sets were reported in the BS and 1,284 in 2009. From 2006-2014 the average catch rate
in logbook data was 29 1bs/pot in the Al (number sets (n) = 1,271) and 18 lbs/pot in the BS (n = 3,237).
The average catch rate in the observer data from 2006-2014 was 11 lbs/pot (n = 1,156) in the Al and 18
Ibs/pot (n =2,970) in the BS. The effort recorded by observers has also been decreasing since 2009 in the
BS and 2011 in the Al Pot effort is approximately equal throughout the fishing season, unlike hook and
line fishing where effort is highest in the spring.

The composition of bycatch species caught in observed pots that retained sablefish in the BS and Al is
comprised mostly of arrowtooth/Kamchatka flounder, Greenland turbot, Pacific halibut, giant grenadier,
and snails. The estimated catch of golden king crab in the pot fishery was high in 2009 (Hanselman et al.
2010), but in 2014 it was 98% lower than 2009.

Surveys

A number of fishery independent surveys catch sablefish. The survey indices included in the model for
this assessment are the AFSC longline survey and the AFSC GOA bottom trawl survey. For other surveys
that occur in the same or adjacent geographical areas, but are not included as separate indices in the
model, we provide trends and comparative analyses to the AFSC longline survey. Research catch
removals including survey removals are documented in Appendix 3B.

AFSC Surveys

Longline survey

Overview: Catch, effort, age, length, weight, and maturity data are collected during sablefish longline
surveys. These longline surveys likely provide an accurate index of sablefish abundance (Sigler 2000).
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). Since 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 Japan-U.S. cooperative survey (Sigler and Zenger 1989). The 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 sampling 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 Gulf. Starting in 1998, the Eastern Gulf area was
surveyed before the Central Gulf area.

Specimen collections: Sablefish length data were randomly collected for all survey years. Otoliths were
collected for age determination for most survey years. From 1979-1994 otolith collections were length-
stratified; since 1994 otoliths have been collected randomly. Prior to 1996, otolith collections were aged
but not consistently from year to year. Since 1996, a sample of otoliths collected during each survey has
been aged in the years they were collected. Approximately one-half of the otoliths collected (~1,000) are
aged annually. This sample size for age compositions should be large enough to get a precise age
composition for the whole survey area, but may be too small to estimate the age composition in smaller
areas by sex (P. Hulson, unpublished manuscript).

Standardization: Kimura and Zenger (1997) compared the performance of the two surveys from 1988 to
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1994 in detail, including experiments comparing hook and gangion types used in the two surveys. The
abundance index for both longline surveys decreased from 1988 to 1989, the cooperative survey
decreased from 1989 to 1990, while the domestic survey increased (Table 3.9). Kimura and Zenger
(1997) attributed the difference to the domestic longline survey not being standardized until 1990.

Survey Trends: Relative population abundance indices are computed annually using survey catch rates
from stations sampled on the continental slope. Highest sablefish abundance indices occurred during the
Japan-U.S. cooperative survey in the mid-1980’s, in response to exceptional recruitment in the late 1970’s
(Figure 3.7). Relative population numbers declined through the 1990’s in most areas during the domestic
longline survey. Catches increased in the early 2000’s but have trended down since 2006.

The 2013 and 2015 survey estimates of relative abundance in numbers (RPN) are the lowest points in the
domestic time series despite modest increases in 2010, 2011 and 2014.The index is remains below
average because of recent weak recruitment.

Whale Depredation: Killer whale depredation of the survey's sablefish catches has been a problem in the
BS since the beginning of the survey (Sasaki 1987). Killer whale depredation primarily occurs in the BS,
Al, WGOA, and to a lesser extent in recent years in the CGOA (Table 3.11). Depredation is easily
identified by reduced sablefish catch and the presence of lips or jaws and bent, straightened, or broken
hooks. Since 1990, portions of the gear at stations affected by killer whale depredation during the
domestic longline survey have been excluded from the analysis of catch rates, RPNs, and RPWs. The Al
and the BS were added to the domestic longline survey in 1996 and this is when killer whale depredation
increased. In 2009, 10 BS stations were depredated, which significantly impacted catch and biased the
abundance index leading to using the 2007 BS RPN estimate to interpolate the 2009 and 2010 BS RPNs
(Hanselman et al. 2009). In 2011, depredation levels in the BS were similar to previous years with catches
at 7 of 16 stations affected. In 2013, a new high of 11 stations were depredated, although fewer skates
were impacted and therefore removed from the analysis in comparison to what occurred in 2009. In the
Al depredation was highest in 2012 and in 2014 was back to levels seen in 2008 and 2010.

In 2015 killer whale depredation was similar to recent years (Table 3.11). The number of station in the BS
was down to 9 from 11 stations in 2013. Although there has been some killer whale depredation in the
CGOA in the past (1 - 2 stations), this year there was none.

Sperm whale depredation affects longline catches, but evidence of depredation is not accompanied by
obvious decreases in sablefish catch or common occurrence of lips and jaws or bent and broken hooks.
Data on sperm whale depredation have been collected since the 1998 longline survey (Table 3.11). Sperm
whales are often observed from the survey vessel during haulback but do not appear to be depredating on
the catch. Sperm whale depredation and presence is recorded during the longline survey at the station
level, not the skate level like killer whales. Depredation is defined as sperm whales being present during
haulback with the occurrence of damaged fish in the catch.

Sperm whale depredation is variable, but has generally been increasing since 1998 (Table 3.11). Whales
are most common in the EGOA (WY and EY/SE), but are also seen in the CGOA. In 2015 there were
sperm whales depredating at 19 stations (annual range 4-21) (Table 3.11). In 2015 in the CGOA sperm
whales were present at 9 stations and depredating at 6, which is higher than in other years. Although
sperm whales are sometimes observed in the WGOA, in 2015 there were no sightings.

Multiple studies have attempted to quantify sperm whale depredation rates. An early study using data
collected by fisheries observers in Alaskan waters found no significant effect on the commercial fishery
catch (Hill et al. 1999). Another study using data collected from commercial vessels in southeast Alaska,
found a small, significant effect comparing longline fishery catches between sets with sperm whales
present and sets with sperm whales absent (3% reduction, 95% CI of (0.4 — 5.5%), t-test, p = 0.02, Straley
et al. 2005).

A general linear model fit to longline survey data from 1998-2004 found neither sperm whale presence (p
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= (.71) nor depredation rate (p = 0.78) increased significantly from 1998 to 2004. Catch rates were about
2% less at locations where depredation occurred, but the effect was not significant (p = 0.34). This
analysis was updated through 2009 and now shows a significant effect of approximately four kilograms
per hundred hooks in the Central and Eastern Gulf regions, which translates into approximately a 2%
decrease in overall catch in those areas (J. Liddle, October, 2009, pers. comm.). A retrospective analysis
of this data indicates the effect is not significant until the 2009 data are added, indicating the increasing
depredation effect has combined with accumulating survey data to give increased power to detect this
small reduction in CPUE.

Longline survey catch rates are not adjusted for sperm whale depredation because we do not know when
measureable depredation began during the survey time series, because past studies of depredation on the
longline survey showed no significant effect, and because sperm whale depredation is difficult to detect
(Sigler et al. 2007). Because of recent increases in sperm whale presence and depredation at survey
stations, as indicated by whale observations and significant results of recent studies, we evaluated a
statistical adjustment to survey catch rates using a general linear modeling approach (Appendix 3C,
Hanselman et al. 2010). This approach had promise but had issues with variance estimation and
autocorrelation between samples. A new approach has been developed using a generalized linear mixed
model that resolves these issues (see Appendix 3C in Hanselman et al. 2014).

Gully Stations: In addition to the continental slope stations sampled during the survey, twenty-seven
stations are sampled in gullies at the rate of one to two stations per day. The sampled gullies are Shelikof
Trough, Amatuli Gully, W-grounds, Yakutat Valley, Spencer Gully, Ommaney Trench, Dixon Entrance,
and one station on the continental shelf off Baranof Island. The majority of these stations are located in
deep gully entrances to the continental shelf in depths from 150-300 m in areas where the commercial
fishery targets sablefish. No gullies are currently sampled in the Western GOA, Al, or BS.

Previous analyses have shown that on average gully stations catch fewer large fish and more small fish
than adjacent slope stations (Rutecki et al. 1997, Zenger et al. 1994). Compared with the adjacent regions
of the slope, sablefish catch rates for gully stations have been mixed with no significant trend (Zenger et
al. 1994). Gully catches may indicate recruitment signals before slope areas because of their shallow
depth, where younger, smaller sablefish typically inhabit. Catch rates from these stations have not been
included in the historical abundance index calculations because preferred habitat of adult sablefish is on
the slope.

These areas do support significant numbers of sablefish, however, and are important areas sampled by the
survey. We compared the RPNs of gully stations to the RPNs of slope stations in the GOA to see if
catches were comparable, or more importantly, if they portrayed different trends than the RPNs used in
this assessment.

To compare trends, we computed Student’s-# normalized residuals for all GOA gullies and slope stations
and plotted them for the time series. If the indices were correlated, then the residuals would track one
another over time (Figure 3.8). Overall, gully catches in the GOA from 1990-2014 are moderately
correlated with slope catches (= 0.55). There is no evidence of major differences in trends. In regards to
gully catches being a recruitment indicator, the increase in the gully RPNs in 1999 and 2001-2002 may be
in response to the above average 1997 and 2000 year classes. Both the 2001 and 2002 RPNs for the gully
stations are higher than in 1999, which supports the current model estimate that the 2000 year class was
larger than 1997. Both gully and slope trends were down in 2012 and 2013, consistent with the overall
decrease in survey catch. However, the slope stations increased in 2014, while the gullies continued to
decline. In 2015, the opposite pattern occurred, with the gullies showing a slight uptick while the slope
stations declined again. In the future, we will continue to explore sablefish catch rates in gullies and
explore their usefulness for indicating recruitment; they may also be useful for quantifying depredation,
since sperm whales have rarely depredated on catches from gully stations.

Interactions between the fishery and survey are described in Appendix 3A.
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Trawl surveys

Trawl surveys of the upper continental slope that adult sablefish inhabit have been conducted biennially
or triennially since 1980 in the Al, and 1984 in the GOA, always to 500 m and occasionally to 700-1000
m. Trawl surveys of the BS slope were conducted biennially from 1979-1991 and redesigned and
standardized for 2002, 2004, 2008, 2010, and 2012. Trawl surveys of the BS shelf are conducted annually
but generally catch no sablefish. Trawl survey abundance indices were not used in the assessment model
prior to 2007 in the sablefish assessment because they were not considered good indicators of the
sablefish relative abundance. However, there is a long time series of data available and given the trawl
survey’s ability to sample smaller fish, it may be a better indicator of recruitment than the longline
survey.

There is some difficulty with combining estimates from the BS and Al with the GOA estimates since they
occur on alternating years. A method could be developed to combine these indices, but it leaves the
problem of how to use the length data to predict recruitment since the data could give mixed signals on
year class strength. At this time we are using only the GOA trawl survey biomass estimates (<500 m
depth, Figure 3.4) and length data (<500 m depth) as a recruitment index for the whole population. The
largest proportion of sablefish biomass is in the GOA so it should be indicative of the overall population.
Biomass estimates used in the assessment for 1984-2013 are shown in Table 3.10. The GOA trawl survey
index was at its lowest level of the time series in 2013, but increased 12% in 2015 from the 2013
estimate.

Al and BS Slope survey biomass estimates are not used in the assessment model but are tracked in Figure
3.9. Estimates in the two areas have decreased slowly since 2000.

Other surveys/areas not used in the assessment model

IPHC Longline Surveys

The IPHC conducts a longline survey each year to assess Pacific halibut. This survey differs from the
AFSC longline survey in gear configuration and sampling design, but catches substantial numbers of
sablefish. More information on this survey can be found in Soderlund et al. (2009). A major difference
between the two surveys is that the IPHC survey samples the shelf consistently from ~ 10-500 meters,
whereas the AFSC survey samples the slope and select gullies from 200-1000 meters. Because the
majority of effort occurs on the shelf in shallower depths, the IPHC survey may catch smaller and
younger sablefish than the AFSC survey; however, lengths of sablefish are not taken on the IPHC survey.

For comparison to the AFSC survey, IPHC relative population number’s (RPN) were calculated using the
same methods as the AFSC survey values, the only difference being the depth stratum increments. Area
sizes used to calculate biomass in the RACE trawl surveys were utilized for IPHC RPN calculations.

We do not obtain IPHC survey estimates for the current year until the following year. We compared the
IPHC and the AFSC RPNs for the GOA (Figure 3.10). The two series track well, but the IPHC survey
RPN has more variability. This is likely because it surveys shallower water on the shelf where younger
sablefish reside and are more patchily distributed. Since the abundance of younger sablefish will be more
variable as year classes pass through, the survey more closely resembles the NMFS GOA trawl survey
index described above which samples the same depths (Figure 3.10b).

While the two longline surveys have shown consistent patterns for most years, they diverged in 2010 and
2011, but the 2013 estimates both show the lowest point in the time series for each index (Figure 3.10).
The IPHC estimate for the Gulf of Alaska for 2013 was a 21% decline from 2012. The uptick seen in
2014 in the AFSC survey was not apparent in the IPHC survey. We will continue to examine trends in
each region and at each depth interval for evidence of recruiting year classes and for comparison to the
AFSC longline survey. There is some effort in depths shallower than 200 meters on the AFSC longline
survey, and we recently have computed RPNs for these depths for future comparisons with the IPHC
RPNs.
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Alaska Department of Fish and Game

The Alaska Department of Fish and Game conducts mark-recapture and a longline survey in Northern
Southeast Alaska Inside (NSEI) waters. Sablefish in this area are treated as a separate population, but
some migration into and out of Inside waters has been confirmed with tagging studies (Hanselman et al.
2015). This population seems to be stabilizing from previous steep declines. Their longline survey CPUE
estimates (Figure 3.11a) and fishery CPUE estimates (Figure 3.11b) had been slowly increasing since
2000, confirming the lows in 1999/2000 estimated in our assessment. Like the AFSC longline survey,
there was a sharp decline in the 2013 longline survey CPUE estimates for NSEI and a slight uptick in
2014.

Department of Fish and Oceans of Canada

In a 2011 Science Advisory Report, DFO reported : “Stock reconstructions suggest that stock status is
currently below Bysy for all scenarios, with the stock currently positioned in the mid-Cautious to low-
Healthy zones.” Under these scenarios, recent harvest rates on adult sablefish potentially have been
between 0.06 — 0.15".

The stratified random trap survey was up approximately 29% from 2012 to 2013 after a time series low in
2012 (see figure below) but has registered a new time series low in 2014. The estimated biomass trend in
B.C. is similar to the trend in Alaska (see figure below)”. The similarly low abundance south of Alaska
concerns us, and points to the need to better understand the contribution to Alaska sablefish productivity
from B.C. sablefish. Some potential ideas are to conduct an area-wide study of sablefish tag recoveries,
and to attempt to model the population to include B.C. sablefish and U.S. West Coast sablefish.
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!'Science Advisory Report 2011/25: http://www.dfo-mpo.gc.ca/Csas-sccs/publications/sar-as/2011/2011_025-eng.pdf

2 DFO. 2014. Performance of a revised management procedure for Sablefish in British Columbia. DFO Can. Sci. Advis. Sec. Sci.
Resp. 2014 /025: http://www.dfo-mpo.gc.ca/csas-sccs/publications/scr-rs/2014/2014_025-eng.html
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Overall abundance trends

Relative abundance has cycled through three valleys and two peaks near 1970 and 1985 (Table 3.10,
Figures 3.3 and 3.4). The post-1970 decrease likely is due to heavy fishing. The 1985 peak likely is due to
the exceptionally large late 1970's year classes. Since 1988, relative abundance has decreased
substantially. Regionally, abundance decreased faster in the BS, Al, and western GOA and more slowly
in the central and eastern GOA (Figure 3.7). The majority of the surveys show that sablefish were at their
lowest levels in the early 2000s, with current abundance reaching these lows again in 2014 in the central
and eastern GOA, and in 2015 in the western areas.

Analytic approach
Model Structure

The sablefish population is assessed with an age-structured model. The analysis presented here extends
earlier age structured models developed by Kimura (1990) and Sigler (1999), which all stem from the
work by Fournier and Archibald (1982). The current model configuration follows a more complex version
of the GOA Pacific ocean perch model (Hanselman et al. 2005a); it includes split sexes and many more
data sources to attempt to more realistically represent the underlying population dynamics of sablefish.
The current configuration was accepted by the Groundfish Plan Team and NPFMC in 2010
(“Moonwater”, Hanselman et al. 2010). The population dynamics and likelihood equations are described
in Box 1. The analysis was completed using AD Model Builder software, a C++ based software for
development and fitting of general nonlinear statistical models (Fournier et al. 2012).

Parameters Estimated Outside the Assessment Model
The following table lists the parameters estimated independently:

Parameter name Value Value Source
Time period 1960-1995 1996-current

Johnson and Quinn
Natural mortality 0.1 0.1 (1988)
Female maturity-at-age my= 1/(1+¢ 084060 Sasaki (1985)
PV T _ _,028@363)y T _ __0222(a+1.95) Hanselman et al.
Length-at-age - females La 75.6(1—¢ ) La 80.2(1—-¢ ) 2007
T _0227(a+4.09) T _ _0290(a+2.27) Hanselman et al.
Length-at-age - males La =65.3(1-e ) La =67.8(1-e ) (2007)
s —0.238(a+1.39) Hanselman et al.
Weight-at-age - females In w,= In(5.47)+3.02In(1 e ) (2007)
T —0.356(a+1.13) Hanselman et al.
Weight-at-age - males InW, =In(3.16) +2.96In(1-e ) (2007)
Heifetz et al.
Ageing error matrix From known-age tag releases, extrapolated for older ages (1999)
Recruitment variability (o) 1.2 1.2 Sigler et al. (2002)

Age and Size of Recruitment: Juvenile sablefish rear in nearshore and continental shelf waters, moving to
the upper continental slope as adults. Fish first appear on the upper continental slope, where the longline
survey and longline fishery occur, at age 2, and a fork length of about 45 cm. A higher proportion of
young fish are susceptible to trawl gear compared to longline gear because trawl fisheries usually occur
on the continental shelf and shelf break inhabited by younger fish, and catching small sablefish may be
hindered by the large bait and hooks on longline gear.

Sablefish are difficult to age, especially those older than eight years (Kimura and Lyons 1991). To
compensate, we use an ageing error matrix based on known-age otoliths (Heifetz et al. 1999; Hanselman
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et al. 2012).

Growth and maturity: Sablefish grow rapidly in early life, growing 1.2 mm d”' during their first spring
and summer (Sigler et al. 2001). Within 100 days after first increment (first daily otolith mark for larvae)
formation, they average 120 mm. Sablefish are currently estimated to reach average maximum lengths
and weights of 68 cm and 3.2 kg for males and 80 cm and 5.5 kg for females (Echave et al. 2012).

New growth relationships were estimated in 2007 because many more age data were available
(Hanselman et al. 2007); this analysis was accepted by the Plan Team in November 2007 and published in
2012 (Echave et al. 2012). We divided the data into two time periods based on the change in sampling
design that occurred in 1995. It appears that sablefish maximum length and weight has increased slightly
over time. New age-length conversion matrices were constructed using these curves with normal error fit
to the standard deviations of the collected lengths at age (Figure 3.12). These new matrices provided for a
superior fit to the data. Therefore, we use a bias-corrected and updated growth curve for the older data
(1981-1993) and a new growth curve describing recent randomly collected data (1996-2004).

Fifty percent of females are mature at 65 cm, while 50 percent of males are mature at 57 cm (Sasaki
1985), corresponding to ages 6.6 for females and 5 for males (Table 3.12). Maturity parameters were
estimated independently of the assessment model and then incorporated into the assessment model as
fixed values. The maturity - length function is m; =1/ (1 + e ***“~*") for males and m; =1/ (1 + ¢ ** ¢~
69 for females. Maturity at age was computed using logistic equations fit to the length-maturity
relationships shown in Sasaki (1985, Figure 23, GOA). Prior to the 2006 assessment, average male and
female maturity was used to compute spawning biomass. Beginning with the 2006 assessment, female-
only maturity has been used to compute spawning biomass. Female maturity-at-age from Sasaki (1985) is
described by the logistic fit of m,= 1/(1+¢*%“*%) 1n 2011, the AFSC conducted a winter cruise out of
Kodiak to sample sablefish when they are preparing to spawn. Ovaries were examined histologically to
determine maturity for a study of the age at maturity and fecundity. Skipped spawning was documented
for the first time in sablefish. These winter samples provided a similar age at 50% maturity estimate (6.8
years) as the mean of visual observations taken during summer surveys from 1996-2012 (mean = 7.0
years) and the estimate currently used in the assessment (mean =6.6 years), when skipped spawners were
classified as mature. Skipped spawners were primarily found in gullies on the shelf and was positively
correlated with age. A second survey will take place in December 2015 in the same areas that were
sampled in 2011. Future analyses will aim to develop and evaluate methods to incorporate skipped
spawning into maturity ogives and to better utilize the time series of visual maturity estimates.

Maximum age and natural mortality: Sablefish are long-lived; ages over 40 years are regularly recorded
(Kimura et al. 1993). Reported maximum age for Alaska is 94 years (Kimura et al. 1998). Canadian
researchers report age determinations up to 113 years'. A natural mortality rate of A/=0.10 has been
assumed for previous sablefish assessments, compared to M=0.112 assumed by Funk and Bracken (1984).
Johnson and Quinn (1988) used values of 0.10 and 0.20 in a catch-at-age analysis and found that
estimated abundance trends agreed better with survey results when M=0.10 was used. Natural mortality
has been modeled in a variety of ways in previous assessments. For sablefish assessments before 1999,
natural mortality was assumed to equal 0.10. For assessments from 1999 to 2003, natural mortality was
estimated rather than assumed to equal 0.10; the estimated value was about 0.10 but only with a precise
prior imposed. For the 2004 assessment, a more detailed analysis of the posterior probability showed that
natural mortality was not well-estimated by the available data (Sigler et al. 2004). Therefore in 2006, we
returned to fixing the parameter at 0.10.

Variance and effective sample sizes: Several quantities were computed in order to compare the variance
of the residuals to the assumed input variances. The standardized deviation of normalized residuals

1Fisheries and Oceans Canada; http://www.pac.dfo-mpo.gc.ca/fm-gp/commercial/ground-fond/sable-charbon/bio-eng.htm
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(SDNR) is closely related to the root mean squared error (RMSE) or effective sample size; values of
SDNR of approximately 1 indicate that the model is fitting a data component as well as would be
expected for a given specified input variance. The normalized residuals for a given year i of the
abundance index was computed as

_ In(7)—1In(J,)
- )=

l

0,

1

where o; is the input sampling log standard deviation of the estimated abundance index. For age or length
composition data assumed to follow a multinomial distribution, the normalized residuals for age/length
group a in year i were computed as

— (yi,a_.)’}i,a)
\/.)}i,a(l_j}i,a)/ni

where y and y are the observed and estimated proportion, respectively, and # is the input assumed sample
size for the multinomial distribution. The effective sample size was also computed for the age and length
compositions modeled with a multinomial distribution, and for a given year i was computed as

Y 5,15,
E =-%
Y G0

An effective sample size that is nearly equal to the input sample size can be interpreted as having a model
fit that is consistent with the input sample size.

1)

ia

For the 2010 recommended assessment model, we used average SDNR as a criterion to help reweight the
age and length compositions. SDNR is a common metric used for goodness of fit in other fisheries,
particularly in New Zealand (e.g. Langley and Maunder 2009) and has been recommended for use in
fisheries models in Alaska during multiple CIE reviews, such as Atka mackerel and rockfish. We
iteratively reweighted the model by setting an objective function penalty to reduce the deviations of
average SDNR of a data component from one. Initially, we tried to fit all multinomial components this
way, but due to tradeoffs in fit, it was found that the input sample sizes became too large and masked the
influence of important data such as abundance indices. Given that we have age and length samples from
nearly all years of the longline surveys, we chose to eliminate the attempt to fit the length data well
enough to achieve an average SDNR of one, and reweighted all age components and only length
components where no age data exists (e.g. domestic trawl fishery). The abundance index SDNRs were
calculated, but no attempt was made to adjust their input variance because we have a priori knowledge
about their sampling variances. This process was completed before the 2010 data were added into the
assessment and endorsed by the Plan Teams and SSC in 2010. We continue to use these weightings. The
table below shows the input CVs/sample sizes for the data sources and their associated output SDNR for
the recommended model. This reweighting is intended to remain fixed for at least several years. The data
weights in general continue to do well by these objectives (Table 3.13).
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Parameters Estimated Inside the Assessment Model

Below is a summary of the parameters estimated within the recommended assessment model:

Parameter name Symbol Number of
Catchability q 6
Log-mean-recruitment Wy 1
Spawners-per-recruit levels Fss, Fq, Fsp 3
Recruitment deviations T, 83
Average fishing mortality s 2
Fishing mortality deviations o, 112
Fishery selectivity 154 8
Survey selectivity 5S4 7
Total 222

Catchability is separately estimated for the Japanese longline fishery, the cooperative longline survey, the
domestic longline survey, U.S. longline derby fishery, U.S. longline IFQ fishery, and the NMFS GOA
trawl survey. Information is available to link these estimates of catchability. Kimura and Zenger (1997)
analyzed the relationship between the cooperative and domestic longline surveys. For assessments
through 2006, we used their results to create a prior distribution which linked catchability estimates for
the two surveys. For 2007, we estimated new catchability prior distributions based on the ratio of the
various abundance indices to a combined Alaskan trawl index. This resulted in similar mean estimates of
catchability to those previously used, but allowed us to estimate a prior variance to be used in the model.
This also facilitates linking the relative catchabilities between indices. These priors were used in the
recommended model for 2008. This analysis was presented at the September 2007 Plan Team and is
presented in its entirety in Hanselman et al. (2007). Lognormal prior distributions were used with the
parameters shown below:

Index U.S.LL Survey Jap.LL Survey Fisheries GOA Trawl

Mean 7.857 4.693 4.967 0.692

Cv 33% 24% 33% 30%

Recruitment is not estimated with a stock-recruit relationship, but is estimated with a level of average
recruitment with deviations from average recruitment for the years 1933-2014.

Fishing mortality is estimated with two average fishing mortality parameters for the two fisheries (fixed
gear and trawl) and deviations from the average for years 1960-2015 for each fishery.

Selectivity is represented using a function and is separately estimated by sex for the longline survey,
fixed-gear fishery (pot and longlines combined), and the trawl survey. Selectivity for the longline surveys
and fixed-gear fishery is restricted to be asymptotic by using the logistic function. Selectivity for the trawl
fishery and trawl survey are dome-shaped (right descending limb) and estimated with a two-parameter
gamma-function and a power function respectively (see Box 1 for equations). This right-descending limb
is allowed because we do not expect that the trawl survey and fishery will catch older aged fish as
frequently because they fish shallower than the fixed-gear fishery. Selectivity for the fixed-gear fishery is
estimated separately for the “derby” fishery prior to 1995 and the IFQ fishery from 1995 thereafter.
Fishers may choose where they fish in the IFQ fishery, compared to the crowded fishing grounds during
the 1985-1994 “derby” fishery, when fishers reportedly often fished in less productive depths due to
crowding (Sigler and Lunsford 2001). In choosing their ground, they presumably target bigger, older fish,
and depths that produce the most abundant catches.

Bayesian analysis of reference points
Since the 1999 assessment, we have conducted a limited Bayesian analysis of assessment uncertainty. The
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posterior distribution was computed based on 10 million MCMC simulations drawn from the posterior
distribution. A burn-in of 1 million draws was removed from the beginning of the chain and then thinned
to 4,000 parameter draws to remove serial correlation between successive draws. This was determined to
be sufficient through simple chain plots, and comparing the means and standard deviations of the first half
of the chain with the second half.

In previous assessments, we estimated the posterior probability that projected abundance will fall below
the decision analysis thresholds based on Mace and Sissenwine (1993). However, in the North Pacific
Fishery Management Council setting we have thresholds that are defined in the Council harvest rules.
These are when the spawning biomass falls below B,gs;, B3se;, and when the spawning biomass falls below
15 MSY or B;;50, which calls for a rebuilding plan under the Magnuson-Stevens Act. For the previous
analysis based on Mace and Sissenwine (1993), see Hanselman et al. 2005b. To examine the posterior
probability, we project spawning biomass into the future with recruitments varied as random draws from a
lognormal distribution with the mean and standard deviation of 1979-2013 age-2 recruitments. The
fishing mortality used is the current yield ratio described in the Catch specification section multiplied by
maxABC for each year.
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Box 1 Model Description

Y Year, y=1, 2,..T

T Terminal year of the model

A Model age class, a = ay, agt1, ..., a+

ay Age at recruitment to the model

a Plus-group age class (oldest age considered plus all older ages)
L Length class

Number of length bins (for length composition data)

G Gear-type (g = longline surveys, longline fisheries, or trawl fisheries)
X Index for likelihood component
Was Average weight at age a and sex s

?, Proportion of females mature at age a

JIm Average log-recruitment

L Average log-fishing mortality

bo Annual fishing mortality deviation

Annual recruitment deviation ~ In(0, G,.)

o
o, Recruitment standard deviation
Nyas Numbers of fish at age a in year y of sex s
M Natural mortality
Foe Fishing mortality for year y, age class a and gear g

Zya Total mortality for year y and age class a (=) F,..+M)
8
R, Recruitment in year y
B, Spawning biomass in year y
& Selectivity at age a for gear type g and sex s
a,s

Asgos dsge;  Age at 50% selection for ascending limb, age at 50% deselection for descending limb
Slope/shape parameters for different logistic curves

A Ageing-error matrix dimensioned a, xa,
Al Age to length conversion matrix by sex s dimensioned a, xQ
s
qe Abundance index catchability coefficient by gear
A, Statistical weight (penalty) for component x
1.1 Observed and predicted survey index in year y
y> ly
Pygl ., ﬁygl ) Observed and predicted proportion at length / for gear g in year y and sex s
pyga N Ay » Observed and predicted proportion at observed age a for gear g in year y and sex s
W Sample size assumed for gear g in year y (for multinomial likelihood)
¥
n Number of years that age (or length) composition is available for gear g
g
Gues O Prior mean, standard deviation for catchability coefficient for gear g
ne Cq.g
Mo, Prior mean, standard deviation for natural mortality
o .o Prior mean, standard deviation for recruitment variability
r,° G
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Equations describing state dynamics

R, a=a,
_ (,ur+z-a0—a+l) —(a—ay)M
N, =1e e , a,<a<a,
—(a—an \M _ -1
)g(a) (l—e M) , a=a,
Ry, a=a,
J— —l,a-1
N,,=1N, ..e Dot a,<a<a,
Z
N,vlale )1a1+N ,a’a:a+
R :e(”ﬁf}‘)

¥y
Selectivity equations
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Model Description (continued)

Initial year recruitment and numbers at ages.

Subsequent years recruitment and numbers at
ages

Recruitment

Logistic selectivity

Inverse power family

Reparameterized gamma distribution

Exponential-logistic selectivity

Catch biomass in year y

Survey biomass index (weight)

Survey abundance index (numbers)

Vector of fishery or survey predicted
proportions at age

Vector of fishery or survey predicted
proportions at length
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Posterior distribution components

L. =zciz(1ncg,y ~InC,, ) /(20%)
y

L=4YY(in1,, i} /(252)
Loy

g

L = 20 X ~v i 2 (P ¥ )in(B +v)

i=1 a,

s Ng

Q A
Llength = /’i’lengthzz_ "4 f Z(R%s + V)ln(}ﬁ,s + V)

1 i=1 =1

L, =(Ing* ~Ingt) /20°
L, =(mM-inM,| /203,

2
L, = (ln 6, —Ino, ) / 20(;

"

Model Description (continued)

Catch likelihood

Survey biomass index likelihood

Age composition likelihood

Length composition likelihood
(l//yg=sample size, n,= number of years of data for

gear g, i = year of data availability, v is a constant
set at 0.001)

Prior on survey catchability coefficient for gear g
Prior for natural mortality

Prior distribution for O,

Prior on recruitment deviations

Regularity penalty on fishing mortality

Total objective function value
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Results

Model Evaluation

For this assessment, we present last year’s model updated for 2015 with no model changes. A comparison
of the model likelihood components and key parameter estimates from 2014 are compared with the 2015

updated model.

Box 2: Model comparison of the 2014 (MO0) and 2015 (M1) models by contribution to the objective

function (negative log-likelihood values) and key parameters.

Mo M1
Model 2014 2015
Likelihood Components (Data)
Catch 7 6
Domestic LL survey RPN 47 49
Japanese LL survey RPN 18 18
Domestic LL fishery RPW 10 10
Japanese LL fishery RPW 13 13
NMES GOA trawl survey 19 22
Domestic LL survey ages 180 192
Domestic LL fishery ages 238 264
Domestic LL survey lengths 59 64
Japanese LL survey ages 144 144
Japanese LL survey lengths 46 46
NMEFS trawl survey lengths 286 314
Domestic LL fishery lengths 207 211
Domestic trawl fishery lengths 194 204
Data likelihood 1469 1559
Total objective function value 1489 1579
Key parameters
Number of parameters 219 222
Bnext year (Female spawning (kt) biomass for next year) 92 86
B 40% (Female spawning biomass (ki) 105 103
B]960 (Female spawning biomass (kt)) 161 174
BO% (Female spawning biomass (kt)) 262 257
SPR% current 35.1% 33.6%
Fip0 0.094 0.094
F40% (Tier 3b adjusted) 0.082 0.078
ABC(kt) 13.7 11.8
4 Domestic LL survey 7.6 7.6
anpanese LL survey 62 62
4 Domestic LL fishery 40 40
qTrawl Survey 1.3 1.3
A 50% (domestic LL survey selectivity) 3 8 3.8
A50% (LL fishery selectivity) 3.9 3.9
Ly (average recruitment) 16.7 16.3
oy (recruitment variability) 1.20 1.20
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The two models are identical in all aspects except for inclusion of new data. Our usual criteria for
choosing a superior model are: (1) the best overall fit to the data (in terms of negative log-likelihood), (2)
biologically reasonable patterns of estimated recruitment, catchabilities, and selectivities, (3) a good
visual fit to length and age compositions, and (4) parsimony.

Because the models presented have different amounts of data and different data weightings, it is not
reasonable to compare their negative log likelihoods so we cannot compare them by the first criterion
above. In general we can only evaluate the 2015 model based on changes in results from 2014 and it is
unlikely we would reject the model that included the most recent data. The model generally produces
good visual fits to the data, and biologically reasonable patterns of recruitment, abundance, and
selectivities. An exception to the generally good fits to the data is the fit to the recent fishery age
compositions, which fit the plus group poorly (see further discussion in Goodness of fit below). The 2015
update shows a slight decrease in spawning and total biomass from previous projections. Therefore the
2015 (M1) model is utilizing the new information effectively, and we use it to recommend 2016 ABC and
OFL.

Time Series Results
Definitions

Spawning biomass is the biomass estimate of mature females. Total biomass is the estimate of all
sablefish age-two and greater. Recruitment is measured as the number of age-two sablefish. Fishing
mortality is fully-selected F, meaning the mortality at the age the fishery has fully selected the fish.

Abundance trends

Sablefish abundance increased during the mid-1960's (Table 3.15, Figure 3.13) due to strong year classes
in the early 1960's. Abundance subsequently dropped during the 1970's due to heavy fishing and
relatively low recruitment; catches peaked at 53,080 t in 1972. The population rec