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EXECUTIVE SUMMARY

The Halibut AbundancBased Prohitked Species Catch (PSC) Workgroup (Workgroup) comprised of

Council, NMFS, and IPHC staff met on March 3, 2016 to consider the information and approach needed

to establish abundance based halibut PSC linsitssed orCouncil guidancgthe Workgroup focuskon

the Bering Sea and Aleutian Islands Management Area (BSWlileviewed: (1) the current status of

Halibut PSC limits and use in the BSAI; (2) indices that may be available to assess the abundance of

halibut and the potential strengths and limitations of those indices to setting an abundance based halibut

PSC limit;(3) general types, or models, that could be used to set abursksaak halibut PSC limits; (4)

di fferent types of control rules thatstepbdPBE€ us
l'imits with or wit ho (b}desribddthe typesoof policy décisiens thattheg s 0 ) ; a
Council would need to consider as this effort progresses. This paper identifies some areas where Council
input would be helpful before proceedjmyovides a preliminary work schedule, and presents sieas

and data evaluations that wéuetherdevelopedy individual Workgroup membekster the Workgroup

met

1 INTRODUCTION

The Council is examining abundaAgased approaches because current halibut PSC limits are a fixed
amount of halibut mortality imetric tons. When halibut abundance declines, halibut PSC becomes a
larger proportion of total halibut removals and can result in lower catch limitkrézted halibut
fisheries. Bothtie Counciland the IPHC havexpressed concern about impacts onotié halibut
fisheriesunder the status quo and identified abunddrased halibut PSC limits as a potential
management approach to address these concerns.

While establishing abundantased halibut PSC limits is an intuitive approach to managing halibut
bycatch, the Council realizes that establishing appropriate limits is challenging beicaoisglex
Pacific halibut population and fisheries dynamics and the difficulties and uncertainties involved in
assedag the spawning biomass of the coastwitieific halibutstock.As such, it is clear that any
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evaluation ofmpactsdue tobycatch on the status of the halibut stock as a whidli®e highly uncertain
as willimpactson directed Pacific halibut fisheries

In February, 2015, in conjunction with initisview of the analysis prepared for Amendment 111 to the
BSAI FMP that considered reductions of BSAI Pacific halibut PSC limits (Amendment 111), the Council
also requested that requestiedt Council and IPHGtaff evaluate possible approaches to link BSA

halibut PSC limits talata ormodetbased abundance estimabvé$alibutin a discussion paper. The
Councilrecommendethat the SSC also review this paper

Foll owing the Council és February 2015 rmdmngest , I P
several aspects of exploring abundahaeed halibut PSC limits in the BSAI, including a review of

harvest policies by both Council and IPHC staff, fishery trends, a range of potential candidate abundance
indices, a discussion of basing allocatianyield (biomass) versus spawning capital (relative fishing

impact), and a review of research recommendations (Martell et al., 2015). This paper was presented to

the AP and the Council at the December 2015 Council méetifite SSC was not able to reviéve

paper at that time. After reviewing this discussion paper in December 20@56uheilmade the

following motion:

iThe Council initiates a workgroup with Counci l
alternative methods to index halibut P&@its based on halibut abundance (yield). The workgroup

should describe potential data and management advantages and challenges provided by alternative
methods to index halibut PSC limits based on halibut abundance. The workgroup should also

evaluate theffects of various assumptions on an abundance based approach, such as those related

to natural mortality (by size and age), growth rates, size composition of PSC by sector, andZhe long
term potential spawning capital of juvenile halibut with the goaktfrning abundancéased
recommendati ons back to the Council as soon as

In making its December 2015 motion, the Council reiterated its intent that this discussion paper be

focused on abundance based approaches for halibut PSC in the BSAdis@inésion paper was drafted

in response to the Counci | &metbhytlgoordesehce andpdreomtoe r s o f
discuss orgoing and potential analyses that would inform the Council as to potential abundance indices,

to summarize andiscuss the items noted in the Council motion and to provide the draft

recommendations contained within this paper. To the esatntant further discussion items noted by

the Council and members of the public in conjunction with the Halibut Managé&manework review

at the February 2016 Council meeting are atfderencedhere

1.1 SUMMARY OF WORKGREBEROMMENDATIONS

1.1.1 Pacific halibut data armbundance indices

The Workgroupevaluatedhe pros and cons of the availaBlacific halibutdata.Theindices described

in further detail in Sectiof include:1) theresults from the@nnual IPHC coastwide stock assessment, 2)
the NMFS Eastern Bering Sea bottom trawl surfgielf and slope)3) an index combining data from
three surveys: the NMFS Eastern Ber8gp bottom trawl survey, the IPHC setline survey, the AFSC
Bering Sea longline survey, and 4) an integrated moaetd index that utilizes the IPHC stock
assessment and incorporates additional empirical information as applicable.

! The paper, Exploring indeliased PSC limits for Pacific halibut by S. Martell, 1. Stewart@n@or can be

accessed alittp://goo.gl/hFPRpf

2Workgroup members include: AFSC: Jim lanelli, Carey McGilliard and Dana Hanselman; IPHC: Bruce Leaman;
NOAA AKRO: Rachel Baker; NPFMC: Diana Stram. Additional parteifs in discussions and review include:

Chris Oliver, David Witherell, Glenn Merrill, Steve Martell and Kotaro Ono.
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1.1.2 Halibut PSC Control Ralked Council decision points

The Workgroup discussed potential options for developing a control rule for BSAI halibut PSC limits
(i.e., how the PSC limits would change in response to changes in the adopted halibut abundaace index
indiceg. The Workgroupeviewed the types of PSC control rules established for other fisheries and
considered identifying candidate control rules (see Sectiohfte). further discussion, thé/orkgroup

noted that some of the identified methods could be more or less practiegd#ading on the goals of the
PSC limit and methods for assessing bycaltiey alsonotedthatdeveloping a control rule will be an
iterative process and that specification of performance indicators and objectives would be important prior
to evaluating my candidate control rul&he workgroup recommended that feedback from the SSC

and Council on approaches to specifying candidate control ruleand performance indicatorswould

be valuable.

1.1.3 Workplan for Council analysis

The Workgroupliscussed the develoynt of the analysis for this action in terms of information that

would be neededddditional informationinclude issuesidentified in the Decembe&X015 Council motion,

SSC recommendations from its June 2015 review of the Amendment 111 EA/RIR/IRFA  ienadfiat

halibut discard mortality rates (DMRs) in the groundfish fisheries by a staff workgroup, and Management
Strategy Evaluations by the IPHC and staff at the Alaska Fisheries Science Center [&i€SC).

Workgroup agreed thata thorough evaluation of the management and fishery impacis needed so

that the Council hasthe information to determine whether abundancebasedPacific halibut PSC

limits would better meetmanagementobjectivescompared tothe status quoapproach.

1.2 QURENTBSAHALIBUPSQIMITS

Amendment 111 to the BSAI FMP applies BSAI halibut PSC limits to four fishery sectors. Amendment
111 was recommended by the Council in June 2015, and was implemented in 2016. The four fishery
sectors anddlibut PSC limits arelescribed in the following table.

Current PSC limit New

PSC limit reduction PSC limit

Amendment 80 cooperatives 2,325t -25% 1,745t
BSAI trawl limited access fisheries 875t -15% 745t
Longline fisheries 833t -15% 710t
CDQ fisheries 393t -20% 315t
TOTAL 4,426t -21% 3,515t

The PSC limits since 2008, and the Pacific halibut mortality estimates (and ratio relative to limits) by
sector are shown in Tablésand?2, respectively.
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Tablel. Evolution ofPacific halibut PSC limits by main sectors in the BSAI region, 220015.

Total

Am80 BSAITLA Longline fisheries CDQ PSC limit

2008 2,525 875 833 343 4,576
2009 2,475 875 833 343 4,526
2010 2,425 875 833 393 4,526
2011 2,375 875 833 393 4,476
2012 2,325 875 833 393 4,426
2013 2,325 875 833 393 4,426
2014 2,325 875 833 393 4,426
2015 2,325 875 833 393 4,426
2016 2,325 875 833 393 4,426
2016 1,745 745 710 315 3,515

Table2.  Pacific halibut mortalityestimategtop rows) andnortality relative to the limits (bottom
rows) by sector for20082016.

L . Total

Am80 BSAI TLA Longline fisheries CDQ PSCmortality

2008 1,869 838 593 215 3,515
2009 1,985 815 597 155 3,552
2010 2,154 584 526 162 3,426
2011 1,722 717 498 243 3,179
2012 1,890 1,012 570 272 3,744
2013 2,089 784 471 266 3,611
2014 2,106 717 408 247 3,478
2015 1,362 527 299 130 2,318
N . % of Total

Am80 BSAI TLA  Longline fisheries CDQ PSC limit

2008 74% 96% 71% 63% 7%
2009 80% 93% 72% 45% 78%
2010 89% 67% 63% 41% 76%
2011 72% 82% 60% 62% 71%
2012 81% 116% 68% 69% 85%
2013 90% 90% 57% 68% 82%
2014 91% 82% 49% 63% 79%
2015 59% 60% 36% 33% 52%

2 DATASOURCESOR USE IN DERIVANGABUNDANCE INDEX

Dataon Pacific halbut in the eastern Bering SiseextensiveAnnual bottom trawl surveys are used
reasonably successfully to index abundance&2agfroundfish stocks anBicrab stocks. As such, it should
provide reasonable information saome components Pacific halibut living in the Bering SeA.list of
available data for consideration inclest

AFSC observer data
AFSCEBS shelf bottomtrawl survey felativenumbersor biomasy
AFSCEBSdopebottomtrawl survey (elativenumbersor biomasy

1
1
1
1 AFSC longline survey (relative numbers)
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1 IPHC setline surveyrélativenumbers)
M IPHC assessment results

Thedata sourcebsted hereare all active for the periad®972015 Inodd years, all threAFSC surveys
are available whilén even yearshe AFSC longline surveys missing. Size composition data is also
available for both the EBS trawl survey as well as the IPHC setline survey.

Empirical observations (set line or trawl) from the current year or years could be used as indices to set
PSC limits for the following Bhing season. The following sections discuss the avaialtdeand
indices:

2.1.1 AFSC observer data

The workshop highlighted the need to correct for the Pacific halibut bycatch individual measurements to
account for when and where the actual bycatch occ@iedength samples are out of proportion to the
gears and locales where bycatch occdris)s is important since comparisons between survey indices and
bycatch patterns are required (and to better account for SPR and selectivity factors by gear types).

As such after the workshop staff explored appropriate strata and settled on 16 patrtitions: 2 gear types
(fixed and trawl), 4 quarters of the year, and 2 areas. Fiduard2 show the distribution of

measurements compared he treport Pacific halibut bycatch, respectively. These estimates were then
used along with a proxy lengtheight for computing the ratio of weight of fish measured within each
strata to the proportion of bycatch (in biomass) within the same strafetthe observations on length
frequencies can be appropriately summed to account for disproportional sampling. The coefficients for
the lengthweight relationships for this process was assumed constant over all years antl sireaksl

be noted that previauanalyses (including those conducted by the IPHC) using NMFS observer data on
raw length frequencies should be updated with these (or similarly corrected) estimates of bycatch length
frequencies (by gear typd)evelopment of a standard protocol to pr@vaderall PSC length frequency
estimates would be useful.
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Figurel. Catchweighting strata definition evaluation of observer sample sizes by year (number of fish,
horizontal axes), quarter (rows), and region + gear combinations (colummethisothe
vertical scale on each plot varies.
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Figure2. Pacific halibut bycatch by year and strata by quarter (rows) and region + gear combinations
(columns). Note that the vertical scale on each plot varies.

2.1.2 AFSEBS trawl survey

The Natonal Marine Fisheries Service eastern Bering Sea shelf trawl survey has been conducted annually
since 1979. The survey time series is useful for trackimgeyear classes of Pacific halibut as they move
through the population and approach commesizal However, there is generally a low or negative
correlation of abundance in the BTS and either recruitment into the adult stock of halibut or lagged
estimated abundance at age 0 (Martell et al. 2@U%5)PHC field biologist has been deployed on the
surveyevery year since 1998 to collect halibut samples. The IPHC operates a coastlinésurvey as

the primary fisheryindependent source of data for the halibut stock assessment (Henry et al. 2015).
However, Pacific halibut occupy a vast area of the BeBmay shelf for which the IPHC lacks the

financial resources to sample in its entirety. Therefore, in most years, the NMFS trawl survey is the only
measure ofelativeabundancef smaller sizes of halibdior much of this areal he halibut data collection
(including ages) antteatment by IPHC is described ifnttf://goo.gl/JT6nVhand themost recent report

is here:http://goo.gl/AnJLe

The EBS shelf trawl survdyas different sizaelectivity than setline gear, making it necessary to apply a
selectivity curve to include these data directly in the halibut stock assessment generated by the IPHC.
Because of both gear differences, and the depth limits of the sualdytlre vulnerale to the trawl

from about 285 cm fork length (FL), but a substantial portion of the commesimdd population (032

or > 81.3 cm FL) exceed5 cm. In 2006and repeated in 201the IPHC added shelf stations to its

setline survey in the Bering Seaim@ygin order to compare information from setline stations in that area
with data collected on the trawl survdihe IPHC staff concluded that the trawl survey provided an
adequaténdexof halibut biomass on the EBS shelf (Clark and Hare 200&bster 201pand is a useful

tool for constructing a density index for the IPHC stock assessment (WebstePQDE}% In addition to

a stock assessment tool, trawl survey information is useful elezator of U26 Pacific halibut that are
subject to bycatch in ghother groundfish fisheries. To a lesser extent, the information on younger Pacific

? http://www.iphc.int/publications/rara/2015/RARA2015_31EBScalibration.pdf
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halibut in the EBS may have some limited ability (perhaps only for very strong cohdas)dast
recruitment into the commerciBbcific halibuffishery.

The time serig of survey data shows considerable variability in the average weight in the whiighyis
somewhat consistent with whatdéds been observed in
period from 1982 onwarg§ig. 3). The time series of survey data shows a stable and increasing overall
biomass whereas the relative abundance (in numbers of fish, scaled to have mean value of 1.0) showed a
showed a sharp increase in 2006 followed by a subsequent decline back to thaloegFrig.4).

Relative to the NMFS EBS bottom trawl survey, the fishery bycatch (by trawl vessels) catches a similar
size range but misses some of the smallest halilzereéd in the survey (192D15;Fig. 5).

Pacific halibut average weight in BSAI

w

N

(B

Mean body weight (kg)

0
1980 1985 1990 1995 2000 2005 2010 2015
Year

- - -Foreign trawl —e—EBS bottom trawl survey Domestic trawl

Figure3. Estimated average weights in the fishery and botramul survey, 1982015. The
correlation between the EBS bottom trawl survey and the Pacific halibut bycatch domestic
trawl fisheries is 0.78.

EBS Trawl survey, Pacific halibut
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Figure4. Biomass and relative abdance (in numbers) of Pacific halibut from the EBS bottom trawl
survey, 1982015.
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Figure5. Trawl and longline fishery aggregate length frequencies for BSAI Pacific halibut compared to
the bottom trawl survey lengfrequencies, 1992015 (top) and 2062015 (bottom).

2.1.3 AFSC EBS slope trawl surveys

Thisd typically bienniad survey covers the western region of the shelf down to 1,000 meters and may
provide an index of Pacific halibut for corroboration with other data.slineey years and index results
are shown irFig. 6 and size compositions in Fig. The average weights in the survey (along with the
other estimates are shown in TaBle
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AFSC EBS slope trawl survey Pacific halibut estimates
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Figure6. AFSC easterBering Seaslopebottom trawl survey biomass and abundance estimates; 2002
2012 (the next survey is planned for 2016).
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Figure7. AFSC eastern Bering Sskopebottom trawl survey populatieat-length estimates, 2002
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Table3.  Biomass, abundance, and average weight estimates from the eastern Besiogedsztom
trawl survey.

Biomass (t Abundance (number Avg wt (kg)
2002 8,004 655,15¢ 12.22
2004 4,530 427,892 10.59
2008 7,985 1,079,20¢ 7.40
2010 4,819 737,851 6.53
2012 7,308 1,101,37¢ 6.64

2.1.4 AFSC Longline Survey

NMFS sablefish longline survey stationghe BS and Al areampled evergtheryearin May-Junefrom
19971 2015, with the BS sampled in odd years and the &lign yearsSurveystations generally align
with commercial longline fishing grounds afpthe continental slope and agstematically spaced
approximaely 30- 50 kmapart.In a given year, eachiaionis fishedfor one day fromIsallow to deep
(depthsranging fromroughly 150- 1000 n) usingtwo sets hauled end to erid.the BS, each set consists
of 90 skates (string of 45 hookgjroviding atotal of 180 skate$8100hookg fished per statiorin the

Al, 160 skates are fished per déjooksarespacedwo meters apart and baited with squMieach

station, halibut catch and effort were collected. These data are used to derive annual estiglates
population numbers (RRMiN abundance indexjhe RPN indices are computed across six depth strata
(150200 m,200-300m, 300-400m, 400-600m, 600-800 m, and 80A.000m). Specifically, halibut

CPUE data are computed for each station and depth stratum by dividing total cditelmbgnber of
effective hookdished.CPUE datarethenaveraged acrostations multiplied by stratespecific habitat
area sizesand summedacross depth strata

2.1.5 IPHC Longline survey

The | PHC6s annual setline survey data and data fr
the stock assessment. One option imdex halibut abundance to the annual International Pacific Halibut
Commission (IPHC) halibut assessment. The IPHC completes the assessment in late November each year
to incorporate as much fishery data from the current year as possible. Thereforébthestoak

assessment would not be available for the BSAI groundfish harvest specifications cycle that begins with
Plan Team meetings in September. The objective of the halibut stock assessment is to estimate the
biomass of halibut over 26 inches in len¢@®6) that is available for harvest in the directed fishery.

Some portion of halibut that are caught as bycatch in the groundfish fisheries are U26, The IPHC setline
survey and directed fishery data provide information mainly on 026 halibut, and themriB$iC

incorporate an estimated amount of U26 mortality in the stock assessment based on observed size
compositions from their setline survey data.

2.1.6 Fishery data

An exploration of fishery data for halibbycatch is provided in AppendR. The figures in the

appendices show the patterns of (observed) effort by season and over time for longline and trawl gears in
the BSAI. They also proceed to examine CPUE patterns relative to the number of ltbdksagion of

tows. Finally, there are a set of figurest@mine the relative bycatch rates to target spdwnjegear types
andover time.

Understanding the gear types and the amounts of halibut caught as bycatch relative to target species is
important background to understanding the impacts of any proposed abehdaed Pacific halibut PSC
limits. For trawl gear, tovby-tow data can be used to evaluate how speciescar and a series of

figures related to trawling and key flatfish speciese providedo the Workgoup and is available as
supplemental material' o summarize, patterns over time show clear shiftsgoré posimplementation
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of the Amendment 80 Program in 2008 for trawl g@despecies overlap is highest for yellowfin sole
and northern rock solghich wasconfirmed by examiningtationby-statian data from théottom trawl
survey. Survey data also indicatedasitivecorrelation between occurrence of yellowfin sole and
northern rock sole was the highest (0.53) followed by correlation bevemmtooth flounder and
flathead sol€0.39) Pacifichalibut correlations with these species for trawl geala(esammesurvey
stationby-station basis) were relagély low with the highest at 032with northern rock sole (Fi@).

YFS

0.53 | o004 0.16 | 0.31 0.10

NRS

0.083 0.21 0.11 0.23

FHS

0.39 0.022 0.16 -

0.055 0.17

AKP

0.072 |-

PHAL

Figure8. Pairwise plot of all EBS bottom trawl survey statiwn-zerolog-densities for key flatfish
species, 1982015. Numbers in upper cells represent correlaifdhe densities between
diagonal species. For example, the bottom row vertical scale withirgesath is for Pacific
halibut whereas the horizontal scales correspond (from left to right most) densities of
yellowfin sole, northern rock sole, flathead sole, arrowtooth flounder, and Alaska plaice. The
histogram in the diagonal panels represent thelisiton of nonzero log densities observed
in survey tows.

Table4 provides a summary of the data sources available for use in compiling and evaluating abundance
information on Pacific halibut in the BSAI for use in indexing potential P&@dj as well as strengths
and limitations of these data sources.
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Table4. Summary ofstrengths and limitationsf different data available for evaluating abundance
based Pacific halibut PSC limits.
Data sources Frequency of data collection  Strengths Weaknesses
AFSC EBS bottom 9 Annual 1 Size composition matches 9§ Mostly smaller
trawl survey (EBS observed bycatch Pacific halibut
BTS)
AFSC EBS slope T Biennial 1 May link shelf with older 1 Gear differs from
trawl survey halibut EBS BTS
1
Al Trawl survey 1 Biennial 1 Limited halibut data
data
1 Annual i Stations visited each year { Calibrated with EBS
1 Size composition similar to BTS
IPHC setline directed fishery 1 Limited areaon EBS
9 Calibrated W/EBS BTS flats
twice, with same result 1 Mostly larger Pacific
halibut
BS AFSC longline 1 Biennial 1 Size composition similar to  { Indexes larger Pacific
survey directed fishery halibut
9 Lengths unavailable
Al AFSC longline T Biennial 1 Size composition similar to  { Indexes larger Pacific
survey directed fishery halibut
9 Lengths unavailable
1 Annual 1 Comprehensive, especially § Size composition
Observer data post2008 needs to account for
91 May help form control rule sampling versus catcl
1 Annual 1 Bycatch rates could inform § Bycatch peunit
. policy decisions effort likely a poor
Comme.rC|aI measure of
groundfish catch abundance

(confounded with
changes in behavior)

3 POTENTIAL ABUNDANUEBICES

Given the available data as described, the group discussed the fundamental issues surrounding alternative
indices. The local abundancePdicific halibut that occurs in the eastern Bering Sea bottom trawl survey
appears to have variable and weak relationship to the-sigestPacific halibut resource. Yet Pacific

halibut tagging programs show that some proportion of fish of the sizes dbersimvey move from this

region at older ages and thus the bycatch is reasonably considered as in interception fishery to some
unknown degree. Therefore, the amount of Pacific halibut taken as BSAI bycatch should consider the
Adownst r eamorem $tdtus af thes (oldem fashalsleu(@and mature) biomass of the coastwide
resource. Local abundance of halibut in the Bering Sea should balance with Pacific halibut management
goals. In addition to the available data as noted in the previous sectioralsermative analyses and
approaches using these data were discussed and presented.
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3.1 IPHQASSESSMENT

Currently the IPHC assessment provides projected biomass estimates from an ensemble of model
alternatives that could be used to index PSC limits.

3.2 AFSBOTT®I TRAWL SURVEY IMHESIC

Presently designeldased estimates of survey biomass and abundance can fail to account for differences

in relative abundance due to spatial correlation and covariates such as bottom temperature and sediment
type. Consequently, receaévelopments of an alternative index using the spatially disaggregated length
specific data was applied and presented to the workgroup. This geostatistical approach examined putative
Pacific halibut age categories based on length groups which, when kaggedrs showed reasonable
consistency (Fig9) and lagged correlations (Tal8g This figure suggests in some periods and cohorts

an increase length class 1 is followed by increases in length class (classes approxititdiglsgas 1,

2, 3¢é). However, beyond that the |inkages are wea
obvious index for future oldeage halibut abundances. A solution might be to fit arstgetured model

to ascertain at least the rélat selectivity of the mortality of EBS bycatch and survey abundance (for

Pacific halibut on the shelf region).

——0-21cm -=-22-32cm

\ 33-38 cm =<39-45cm

25

RELATIVEABUNDANCE
o

-2.5

-5

1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
YEAR

Figure9. EBS Pacific halibut lagged relative abundance indices arising from the Gleiia(Ono et
al. 2016) geostatistical moldapplied to 4 length categories2@ cm, 2231 cm, 3238 cm,
and 3945 cm, 19912015.
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Table5.  Correlation matrix of annually lagged abundance indices by length groups from four (one for
each length group) independently run Dé&hiaM geostaitical models (Ono et al. 2016).

0-21 cm 22-31 cm 32-38 cm 3945 cm

0-21 cm (lag 1) 1.000 0.708 0.816 0.335
22-31 cm (lag 2) 0.708 1.000 0.489 0.345
32-38 cm (lag 3) 0.816 0.489 1.000 0.565
3945 cm (lag 4) 0.335 0.345 0.565 1.000

The geostatistical approach holds some promise as it seems to link coherent size classes over time which
may correspond with halibut ages. These may help with providing insight on halibut abundance prior to
entering the groundfish fisheries as bycatch.

3.3 CoMBINEDAFSGHELF AND SLOPRWH ABLLLSURVE¥AILLAND TRAWL

An evaluation of a number of different surveys and taffie using abundance (in numbers of Pacific
halibut) was discussed. The EBS bottom trawl survey was considered to be the mob&irubefareas

of primary bycatch because of its broad annual coverage and similar size composition to the bycatch in
the fishery. The IPHC and AFSC longline surveys cover less area. Both surveys use large hooks (16/0 and
13/0, respectively) so are limién their ability to capture very small halibut (and may differ from Pacific
cod directed fishing). The AFSC longline survey is biennial and only covers the older fish in the
population because it surveys the deep slope frorL080 meters. The IPHC loliige survey has

limited geographic coverage compared to the bottom trawl survey. The Bering Sea Slope trawl survey
was also discussed, but not evaluated in detail (the data were made available after the workgroup
meeting).

A preliminary analysis showed agthhod of linking the three Bering Sea surveys described above and
weighting them inversely by their coefficients of variation into an integrated indext@igAn index

like this might then be linked to some minimum amount of PSC bycBihehmethod was considered, but
generally thought to be heavily linked to the adult population by including the two longline surveys.
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Comparison of three halibut indices
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Figurel0. Comparison of some alternative survey trend indices (top) and their normalized combined
(inverse-variance) weighted values (bottom); 198715.

3.4 INTEGRATED MOEHRASED INDEX

The Workgroup discussed the form of a model based index and noted that a comprehensive approach
would include aspects of the IPHC assessment data or model r&fieltshe worlshop, a simplified

form of an integrated approach which considers an index combined with the IPHC assessment was
developed and included in Attachment 1 (but here as a geeeralezy to treat different existingdices).

The Workgroup noted that a more qaete development of such a specific model will require additional
resources and time.

3.5 SUMMARY

Even for a simple control rule (e.g., applying a rate to an abundance estimate) selecting an index will
ultimately depend on objectives and relative performageénst these objectiveBhe AFSC bottom

trawl survey data appear to reflect well the conditions facing the groundfish fishery relative to species co
occurrence and relative abundances and bycatch rates. For the larger (older) component of the Pacific
hdibut resource, integrated survey abundance estimates could be used (e.g., the multiple survey
compilation presented during the working group meeting). Alternatively, application of the most recent
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CW assessmemtould be reasonable to include summary othe indices considered are provided in
Table6.

As noted in the section on Control Rule considerations below, there are data and synthesized information
about the Pacific halibut stock that could be used that track different age grob@stufck. As such,

their selection will require evaluating the performance of the index (or indices) within theTBER.
Workgroup noted that the selection of candidate abundance indices is just the first step with respect to
evaluating the issues idendfi by the Council in its December 2015 motion, includiatural mortality

(by size and age), growth rates, size composition of PSC by sector, and #ertopgtential spawning

capital of juvenile halibut

Table6.  Evaluation of strengthand weaknesses of indices to be considered for abundance based PSC

limits.

Candidate abundance index Strengths Weaknesses

IPHC coastwide stock assessment Comprehensiveannually  Appears to be a poor index of
available (mostly younger) Pacific halibu

taken as bycatch in the BSAI
region

Oneyear lag in assessment
timing

AFSC EBS bottom trawl survey Good index of (mostly Appears to be an inconsistent
younger) Pacific halibut index of future Pacific halibut
taken as bycatch in the that recruit to the directed
BSAI region, timely, fisheries
available. Geostatistical
approach accounts for
severakovariates.

Combined 3 (or 4) survey index Uses more information and Needs more development, sorr
includes some insightn compnents unavailable on an
different stock components annual basis

Integrated modebased index Current simplified form Requires more developmeiht
(BCR1 in attachment 1) more complex integration is
available desirable

Would allow for evaluation
of younger and older halibt

4 (OCONTRORULE CONSIDERATIONS

The Council has employed abundatesed PSC limits in the BSAI groundfish fisheries for Bristol Bay

red king crab, EBS Tanner crab, Snow crab and herring. For Bering Sea Chinook salmon PSC in the EBS
pollock fishery, PSC limitare not explicitly abundandsased being instead established at levels
approximating historical bycatch levels by the fishery. However, BSAI Amendm@noide

implemented, adds an additional lower threshold of PSC limits in times of low western Blaskak

salmon abundande.

* The proposed rule for Amendment 110 is available at
https://alaskafisheries.noaa.gov/sites/default/files/81fr5681.pdf
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4.1 EXAMPLES @AHERSGPECIES IN TBSAINDEXED TO ABUNDANCE

The Council has recommended a range of different type of control rules to establish PSC limits for
various fishery management objectives. Several key examplesértbeidbundanegased PSC limits
established for crab, and herring, fisheries. Current abundemseel PSC limits for crab and herring in

the BSAI groundfish fisheries trigger time and area closures, but do not result in the closure of specific
groundfishfisheries as is currently the case for halibut PSC limit in the BSAI. Tabldicates these

limits, fisheries in the BSAI to which they apply, and closures that are triggered when-&pkeifjc

PSC limits are reached. These PSC limitsannually specified by the Council in the BSAI groundfish
harvest specifications process.

The original control rules for snow crab PSC limit and Tanner crab PSC limits are shiéiguariail 1.

The process by which thesebcaps were initially established was a combination of proposals for limits
put forward by the State of Alaska, recommendations from the Crab Plan Team, and by committee
discussions amongst interested stakeholders. For Tanner crab, proposed lower fhrétshwiere

based upon the average observed bycatch for the stock at that level of abundance (NPFMC 1996). The
upper range of the limit was based on negotiated amounts when the stock was at a high abundance in
1988 (NPFMC 1996) . waslksablishedatan imterfegiarg lpvél betweean stéps 1
and 3.

Amendment4t o t he BSAI FMP established a fistair stepo
are determined based on the EBS bottominhgawweseryv
established through an iterative process through the Council and based on observed bycatch at the levels

of abundance when the measure was considered in 1996.

EBS snow crab trawl PSC limits are based on total abundaso@wtrab as indicad by the NMFS
standard trawl surveyn recent years, the assessment model estimate of trawl survey crab numbers is
used to calculate the limifThe cap is set at 0.1133% of snow crab abundance index, with a minimum of
4.5 million snow crabs and a maximwf 13 million snow crabs; the cap is further reduced by 150,000
crabs(Figure11). Only snow crab taken within the COBLZ accrue toward the PSC limits established for
individual trawl fisheries.

Bristol Bay red king crab PSC limits weestablished in 1996. At that time, the Council recommended
adoption of a staistep limit regime for red king crab in Zone 1 based on abundance rather than a straight
ratebased percentage because stwps smoothed ye&w-year variability while provithg for reduced

bycatch limits at low stock sizes. The ststep limits were originally recommended by the Crab Plan

Team and based on the number and weight of crab,
for Bristol Bay red kingcrabihn he St ate harvest strategy. The Col
based on thresholds of the estimated number of mature female red king crab.

Amendment 16a to the BSAI groundfish FMP established bycatch management measures for Pacific
herring in groudfish trawl fisheries in 1991 (NPFMC 1991). The adopted PSC limits trigger area
closures (Herring savings areas) as indicated in Table the development of alternatives the Council
considered a range of percentage rates applidaktovierall estimated biomass of herring in the eastern
Bering Sea. Prior to the analysis, exploitation rates by groundfish trawl vessels were estimated to have
increased from less than 2% in 1983 to betweeV286n 1989. At that time herring stocks ieanly all

Bering Sea areas were declining prompting the need for some action to further limit the bycatch of
herring by trawl gear (NPFMC, 1991). The Council selected 1% as the appropriate rate to apply to the
aggregate biomass of herring as a PSC liffitis limit is specified based on updated information on the
appropriate biomass estimate for the Bering Sea herring stock by the State of Alaska annually during the
specifications process.
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Table7.  Current PSC limits associated with abundamicerohibited species in the BSAI groundfish
fisheries
BSAI
Prohibited
species Limit Area / action Limit based on:

Thresholds based on effective Zone 1
spawning biomass (ESB) of
BBRKC
If ESB < 14.5 million Ib
Red king PSC limit = 32,000 crab
crab If ESB > 14.5<55.0 mill Ib
PSC limit = 97,000 crab
If ESB > 55.0 million Ib
PSC limit = 197,000 crab

Thresholds relate to state harvest
strategy for BBRKC.

Lower limit is based on the level of
bycatch observed in the 1995 flatfish
fisheries in Zone 1 with th€rab
Savings Area closed to trawling
Middle limit corresponds to a 50%
reduction from the previous PSC limit
Limit is the same percentage as appli
by the BOF in 1996

Zone 1 limits Zone 1

0-150 million crabs 0.5% of abundance
150-270 million crabs 730,000
270400 million crabs 830,000

EBS over 400 million crabs 980,000

Tanner L

crab Zone 2 I|m_|t$ Zone 2
0-175 million crabs 1.2% of abundance
175290 million crabs 2,070,000
290-400 million crabs 2,520,000
over 400 million crabs 2,970,000

Lower threshold limits were based
upon the averagobserved bycatch for
the stock at that level of abundance.
The upper range of the limit was base
on negotiated amounts when the stoc
was at a high abundance in 1988. TF
mi ddl e fistepo | ev
an intermediary level between steps 1
and3

Survey abundance of crabs COBLZ
EBS snow *0.1133 with 4.35 million
crab minimum and 13 million
maximum

Council committee charged with
negotiating acceptable limits between
trawl industry andrab industry

1% of EBS biomass estimate Herring saving closures
Herring  from State

Council considered range 0f8Pb
based on historical exploitation rates
groundfish fisheries on herring.

If 3-river index >250,000 fish  Seasonal and sector

then60,000/47,591 allocated limits. If
else 45,000/33,318 reached closes directed
EBS fishing for pollock for
Chinook  If lower cap reached >3 times i that sector (season or
salmon  arolling 7 year period then remainder of year).

lower cap in place permanently Area is Eastern Bering
(and subject to reduced cap Sea.
level in years of low abundanc¢

PSC limits considered by Council
ranged from 25,000 85,000 based on
historical bycatch in EBS fishery.
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Snow Crab PSC Limits
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Figurell Control rule for snoverab (top) and tanner crab (bottom) PSC limits (from NPFMC 1997).

Although not a PSC limit, the Council has also used a sloped control rule for allocations of halibut

between charter and commercial fisheries in the Gulf of Alaska. The Council estatfishedibut

catch sharing plan in Areas 2C and 3A, which allocates the halibut catch limits between the commercial

and charter halibut fisheries based on a control rule that varies with halibut abundance. The control rule
specifies that each sector will bBlocated a specific percentage of the available catch limit at different

levels of halibut abundance. At lower levels of abundance, the charter sector is allocated a larger

proportion of the catch limit than at higher levels of abundance. The con&olrall so i ncl udes a
stepo that allocates the charter fishery a fixed
levels in order to smooth the transition between allocation percentages as abundance increases.
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4.2 INFORMATION TO CONERIDDANFORM AALIBUPSEONTROL RULE

There are a variety of options to consider for the formulation of a control rule that may be applied to the
different abundance indices under consideratitmt.all of these options were discussed by the
Workgroup duringlte meeting.

4.2.1 Historicabycatch ratesnd the effect of discard mortality rates
A summary of halibut catch (kg) per metric ton of groundfish catch, without any discard mortality

estimate applied is showwumTable8and wusi ng hali but fAmortalityo (the
provided in Table.
Table8. Pacific halibut bycatch rate in kg of Pacific halilsaughtpermetrict of groundfish.
Longline Pot Trawl Total
2008 54.876 3.309 3.318 6.755
2009 51.559 1.058 3.822 7.700
2010 57.125 1.984 3.729 7.454
2011 40.496 2.759 2.588 5.255
2012 40.022 2.372 2.903 5.897
2013 38.105 1.325 2.730 5.394
2014 32.200 1.065 2.606 4.856
2015 22.176 1.165 1.708 3.386
Average 40.302 1.804 2.853 5.678
Table9. Pacific halibut bycatch rate in kg of Pacific halilbbubrtality per t of groundfish.
Longline Pot Trawl Total
2008 6.036 0.232 2.181 2411
2009 5.672 0.074 2.572 2.795
2010 5.712 0.159 2.493 2.678
2011 4.050 0.221 1.716 1.855
2012 4.002 0.190 2.036 2.164
2013 3.429 0.106 1.936 2.016
2014 2.898 0.085 1.891 1.929
2015 1.996 0.093 1.267 1.304
Average 4.007 0.140 1.969 2.092

As with some of the Crab PSC control rules, average historical bycatch rates can be used to help inform a
range of candidate threshold bycatch rates for halibut PSC control rule considerations as opposed to
threshold amounts of PSC. For example, usirajelrased approach, a period could be selected from

which bycatch rates by sector (or overall across all gears and sectors) could be computed. However,
bycatch would not necessarily be linked with the status of the local halibut abundance in the BBAI regi

nor with the Pacific halibut stock as a whole.

Given implementation of Amendment 80 in 2008, the improved flexibility for bycatch avoidance this
program has provided to Amendment 80 catcher/processors in the BSAI groundfish fisheries, and the
proportian of halibut PSC taken in the BSAI by the Amendment 80 sector, the Workgroup suggested that
the Council consider bycatch rates and mortality only from 2008 to present in the formulation of threshold
levels or ratesThe Council should also considehetherseparate control rules by gear type would be
warranted given the observed differences in size composition of the catch betweamdod gear and

trawl gear. The Workgroupropose$SC limits be considered in both numbers of fish and weight with

and wthout discard mortality applied.

The Workgroup did not try to define which specific approach would be most appropriate, and noted that
depending on the goals of the PSC limit and methods for assessing bycatch, some of these methods could
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be more or lespracticable. For example, if information indicated that conserving the numbers of fish
was particularly important to the lostgrm spawning capital of the halibut stock, than that may be a more
appropriate metric. The Workgroup also noted that if discerdality rates were more variable than
anticipated (e.g., rates were higher for haoktline gear than estimated) then applying a PSC limit based
on numbers may ameliorate some of those concerns. The Workgroup did not address how different
methods foestablishing PSC limits could affect operational choices by harvesters to avoid halibut or
reduce mortality of halibut bycatch. This could be a topic for further discussion.

The Workgroup also considered the specific time period that would be most gteropronsider when
looking at historic performance that could guide future PSC limditsof these approaches would use
2008 as the initial year for examining PSC rates and fishery performance beginning with the
implementation of the Amendment 80 Pra).

General approachés inform a control rule were outlined to examine PSC rates by gear type and
combined across gear types. These include the following:

1 Average overall PSC rate for trawl and haoidline gear 20082015
1 Average PSC rate for hoakd-line gear 20082015
1 Average PSC rate for trawl gear 262815

4.2.2 Pacific halibut bycatch relative to their apparent abundance

Evaluation of bycatch relative to abundaeséimates (in weight or in numbers of halibwgre

considered by the Wrkgroupas a potential starting point for control rule developmEgstimates
contrastingNMFS EBS bottoratrawl biomass with Pacific halibut bycatch mortality suggestaverage
ratioof 0.019 (1.9%) for 2002015 with 85% of this mortality estimated to be froaw! fisheries (15%

to fixed gear). For the period 192015 the average ratio of bycatch mortality to survey biomass is 2.7%.
In terms of numbers of individuals, the ratidi8% for 20082015.These historical bycatch to survey
index ratios could prodie insight on forming control rul€sig. 12). An example (ignoring Pacific

halibut population trends elsewhere for this discussion) would be to simply set the PSC limit as a ratio
similar or bracketing historical ratios.
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Figurel2. Historical ratios (BCR1 consideration) of the bycatch in mass divided by the EBS bottom
trawl survey estimates and also the IPHC estimated spawning stock biomass (SSB); 1996
2015.

4.2.3 Threshold options vs continuous control rule

The Workgroup identifid two options to structure the BSAI halibut PSC control rule: a continuous

control rule or a control rule that includes thresholds at which the method for determining the PSC limit
would change to meet specified objectives. A continuous control rule wstddlish a PSC limit that

increases or decreases at a constant rate based on changes in the halibut abundance index. A continuous
control rule would specify a PSC limit of zero if the halibut abundance index reaches some minimum

point. It also provides foa continually increasing PSC limit corresponding with increases in the

abundance index.

The second control rule option would incorporate sttEp thresholds based upon some level of

abundance into a continuous control rule. The Crab PSC limits deatiove provide one historical

example of this formulation. The Council has included st@p thresholds in control rules to prevent

significant annual variability in PSC limits from minor changes in the abundance index used for the

control rule. The hibut catch sharing plan also includes sttip thresholds to maintain stability by

providing a constant allocation for the charter sector when abundance levels increase and the charter
sectorb6s proportional al | o dmelude mimimud éfloor) anal/ere s . A con
maximum (ceiling) PSC limits if the Council determines that these are appropriate. The Council could

specify a minimum PSC limit for the groundfish fisheries at lower levels of halibut abundance as well as

a maximum limit thawould be maintained when halibut abundance increases.

4.2.4 Reproductive valueonsidergions relative to different fisheries

In low abundance years, a program could consider PSC allocations based on a minimum allocation to the
directed fisherieand explicily account for the relative size distribution from each bycatch fishery/sector

(or gear type) similar to proposals described in the Martell @15 paper.
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This would potentially avoid explicit evaluation of assessment issues facing the IPHQ petdtile
direction to the Council regarding how to best minimize impacts (without explicitly estimating the overall
extent of the impacts on the halibut stock).

Issues of connectivity in general between the halibut in the BSAI and the overalviabkalibut stock
indicates that three plausible scenarios might be considered:

1. High connectivity and direct downstream impact

2. Variable connectivity suggesting that in some years or periods and situations, the connectivity is
high, in others it low or moderate

3. Low connectivity with relatively minor downstream impact (i.e., the halibut move from the EBS
shelf to deeper slope areas outside of the main IPHC fishery

Of these, tagging data suggest that scenario three is relatively implausible (which would aimgte ag
downweighting adult stock condition for the BER

4.2.5 IPHQControl rule

Introducing a control rule consistent with current IPHC or NPFMC practices was proposed by Martell
(2015). Reviewing the curreiPHC overarching control rule the most recent assesnt for Pacific

halibut RARA 2015) state that

néif the stock is estimated to have fallen bel
of fishing (SBow; defined relative to historically good siatage and recruitment in a relatively
unproductive environmental regime, Clark and Hare 2006), the target harvest rates are decreased
linearly such that there would be no fishing mortality below 20% relati@esipg biomass (Fig.

2). This policy was designed to provide a constant harvest rate that would avoid decreasing the

stock belowSBio%with a relatively high frequency, and still provide a large fraction of the

maxi mum sustainable yield avail able. o

Based o results presented in this assessmbntpiedian stock size from the ensemble moekilts used

for the IPHC stock assessment indicdtes the spawning biomass has remained above these thresholds.
Nonetheless, tracking a similar policy for PSC thrédh¢for setting upper and lower limits) based on
Pacific halibut spawning biomass is considered importantdoservation goals for the IPHC and this is
considered a component for the integrated approach for PSC setting in the next section.

4.2.6 An ntegratedabundance based PSC control rBIER

Given issues with indices (e.g., thastern Bering SEITS) that seem to have a poor relationship to
estimates arising from tHEHC Pacific halibutstockassessment and coupled with the desire to have an
abundancédased Pacific halibut PSinit that reflects the current stock status (i.e., spawning biomass)
the working group recognized the value of developing simple but general integrated abundance indices
and then exploring bycatch control rules (BCR) based on such in@iteegiroup also discussed the
desirability for the possibility of having statep or averaged approaches to changes in PSC to reduce
inter-annual variabilitySuch aflexible BCRshout consider potential separation of policy choices
between factors affecting bycatch rates and the longer term management isBaegfifohalibut

For examplecharacteristics of Pacific halibapparent from the bottotnawl surveys may provide a

good ndication of expectelycatchrates in fisheries in that region whereas this index may provide little
insightons ubs equent imghcsemtse spavenagradhor fishable Pacific halibut population.
Relative to the current trend and status of thefiedmlibut resource as a whole, clearly the IPHC
assessment would provide the best indicator for contributind3@R.Attachment 1 (developed after the
workshop) provides some alternative formulations of BCRs that might warrant further consideration by
the Council and SSGtated simply, the BCBroposals were consideredftdlow some basiprinciples:
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9 Adjust the PSC according to some integrated approach balancing trends in areas where bycatch
occurs and in the Pacific halibut stock as a whole éwaluate allowable bycatch).

1 When either the adult stock or apparent abundangegurvey indexjs most affecting the
bycatch in the EB&ndis below some target level, adjust PSC downwards

1 Ability to regulate rate on the increase in PSC (relativeéadecrease) when conditions in the

index and/or adult stock are above some target levgl ¢ia g, and g, for BCR2 in the
attachment
f  Allow for a floor and ceiling for PSCRSG, and PSG )

Theamount of weight given to the factors in the BCR model are intended to provide flexibility to allow
policy decisions and risks to be evaluated in the iterative selection process required to develop a robust
BCR.

5 NEXT STEPS TO FORNIBIAA TERNATIVES

5.1 KEY ECISION POINTS KZRINCIL

There are a number of key and likely iterative decisions for the Council in the development of alternatives
for an analysis of abundanbased BSAI PSC limits. This section lays out the major assumptions
embedded in moving forwd with development of alternatives, the availability of pertinent analytical

tools as well as the list of decisions that the Council will make prior to launching an anahysis.

process as outlined is intended to incorporate feedback from the IPH@elopiment of an analysis to

inform respective decisions by both bodi&ecognizing that the PSC management decision resides

within the Council jurisdiction, it would be desirable to have agreement of the Commission on the
approaches taken to addressisiseie of PSC management.

5.1.1 Process for establishing new PSC limits

Revised PSC limits would be annually established in the BSAI groundfish annual specificationsdoing
requires that date specify an abundance index as well as any modification iRS@=control rulde

available ideally in time for inclusion in the proposed specifications at the October Council meeting. With
the exception of abundance indices based solely on the updated Coastwide assessment from IPHC, none
of the indices considered appear problematitat respect. However the information must be publicly
available, thus for some abundance indices considered solely for purpose of indexing a BSAI PSC cap,
there needs to be a process in place to provide for transparent update and timely avaiiltizky

estimates.

5.1.2 Decisions in development of alternatives

There are several key decisions in the development of BCRs applied to an abundance estimate for Pacific
halibut in the BSAI. These are listed below with a brief explanation of the rationathel lbleé decision,

the potential management challenges as well as to the assessniemgauisto the Pacific halibut stock

and fisheriesAny decision moving away from status quo is clearly optional for the Council (as noted for

each change from statusoqqu wi t h A (optional 6 in parentheses) how
an interest in pursuing such an analysis.

5.1.2.1 PSC limits in weigh) {s numbers (optional)

The Workgroup identified two options for establishing the metric for abundzased halibt PSC

limits: weight in metric tons or numbers of halibut. Currently, PSC limits are specified in metric tons of
halibut mortality. The IPHC discussion paper presented at the December 2015 Council meeting discussed
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the implications of weighbased halibuPSC limits. The paper suggested that PSC limits could have a
disproportionate impact on the halibut stock when mortality is managed in weight instead of numbers as
many more individuals can be killed in the bycatch fisheries versus the directed fishleices,

differentially impacts the spawning capital of the stock in the long run. One potential means to address
this would be to specify and manage PSC limits in numbers of fish instead of mortality (as with Crab PSC
limits and Chinook PSC limits). The Waroup recommends further analysis of the impacts of

specifying PSC limits in weight versus numbers. While establishing PSC limits in numbers instead of
weight may address some concerns about the impacts of bycatch on the spawning capital of the halibut
stock, there are a number of uncertainties and data limitations associated with estimating the impacts of
bycatch and directed fisheries on spawning capital. The Workgroup agreed that further work was needed
to examine the impacts of establishing PSC limitsreight versus numbers.

5.1.2.2 PSC limits managed with (status quo) and without DMRs (optional)

Currently, PSC limits are specified by in metric tons of halibut mortality, with different DMRs applied by
gear type to each target fishery. The process for sjegiBMRs is being reevaluated, with revisions

possible as soon as the 2016 specifications process for 2017 groundfish management. In the near term for
the trawl fishery, DMRs will likely be aggregated across target fisheries, given a decrease in halibut
viability sampling in recent years. The methodology for specifying DMRs may be in transition for the

next several years, as the sampling program adapts and a time series under the adjusted program becomes
available. Given this, the Council may wish to cdesispecifying PSC limits as a total amount without
applying an assumed rate of mortalitye IPHC could determine an appropriate mortality rate after the
fishing year to estimate bycatch mortalityits annual catch setting proceégplication of PSCimits

without associated DMRs however could drastically change the incentive structure for careful release and
reduced mortalitghrough deck sorting, for example

A related issue for the alternatives, with respect to assessing historical usage, istoheth¢ne annual

mortality estimates that are generated inseason for the groundfish fleets, by applying the specified DMRs
that are based on previous yearsod6 mortality obser
in a given yeabackcalculatedrom actual DMRs observed in the fishing year. The halibut DMR

discussion paper that is being prepared for the April meeting touches on this issue, and will likely provide
more data to evaluate the potential difference in these respective thahsuéess part of the analysis being

prepared for establishing DMRs during the fall harvest specificasigmnscess.

5.1.2.3 Allocation of PSC amongst groundfish sectors

(any madification from status quo is optional)
Currently PSC limits are allocated amongstAimeendment 80 cooperativeheBSAI trawl limited
accesgTLA) fisheries the BSAI nortrawl longline fisheriesand the CDQ fisheries. A policy decision
in the development of alternatives will be to eithéairethe Status Quo sectors, allocations and structure
or to modify them. Some of these considerations may include whether to retain the TLA as a sector for
overall allocation with the Council selecting relative proportions in conjunction with specifisatd
allocate each target and operation type (catcher vessel or catcher/processor) within the TLA category their
own proportion of the annual limit, as well as to establish a hard limit for the pollock fisBkould the
Council wish to modify the séar allocations and/or consider seasonal allocations amongst user groups
by sectors and within the TLA group, it is likely a range of alternative formulations may be considered.

> The regulations include an exception for the pollock/Atka mackerel/other species fishery category. If the pollock/Atka
mackerel/other species fishery category will reach its halibut R&@aace, NMFS does not have the authority to close this
fishery categoryThus, if the halibut PSC allowance for the trawl fishery category of pollock/Atka mackerel/other species will be
reached, NMFS does not have authority to take additional actiorCdinecil did not recommend, and NMFS did not propose,
changes in this regulation for Amendment 111 to the BSAI FMP.
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5.1.3 Summary of PSC limit alternatives and options

The following summarizes somertsiderations for developing alternatives for abunddmased PSC

limits (the control rule) for BSAI groundfish fisheries. This represents a list of potential decision points
that could be limited or expanded after additional consideration and revidw Bptincil.

1 Form of control rule
o Slope
o Thresholds (perhaps based upon Pacific halibut assessment benchmarks)
o Floor and/or ceiling on harvest rate
0 Relative weights on components of the control rule
9 PSC Limits based on
o Numbers of Pacific halibut
0 Weight of Pacific halibut
1 Accounting
0 With no mortality applied
o with DMRs specified in groundfish specifications process
9 Allocation
1 Status quo
0 Retain Categories and proportions
1 Retain current categories with options to modify proportions
1 Modified categories and proportions
0 Allocate PSC limit in regulations within current TLA category including:
A Allocation to each target
A AiHard capo allocation to pollock fishe
A Separate PSC allocation for BS and Al
0 Moadifications to fixed gear sectors
A separate lims to
1 Longline CP cod sector
1 Longline other targets (e.g., Greenland turbot all caught by CPs),
1 Longline CV cod.
A PSC limit to sablefish fishery
A PSC limit to pot fishery
0 Modified seasonal apportionments within sectors

The Workgroup did not address theguutal impact of changing PSC estimation, accounting, or
management on the monitoring or enforcement of the fisheries, but acknowledged that changing PSC
limits or metrics could require substantial changes in the existing administration of the groundfish
fisheries by changing observer samplingséason management, and other issues that would need to be
explored in future discussion papers and analyses.

5.2 GONSIDERATIONS FORLAMSIS OF ALTERNEST IV

The following orgoing initiatives should be coordinated vdand employed in the analysis of a suite of
alternatives developed by the Council in conjunction with moving forward with aburtdased PSC
limits for BSAI halibut.
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5.2.1 Use of MST model (ARESE in impact analysis

The AFSC has been developing an advangel$et that includes management strategy evaluation (MSE)

with a multispecies species technical interactions model to simulate the biological, management, and

fleet dynamics of the Alaska groundfish fishery. Catches in the model are limited by cosistrain

including the 2 million t cap, halibut and salmon prohibited species catch (PSC) limits, and the
constraining nature of the catch limit of one species on the catch of other species in the context of weak
stock managemerithis work was presented at tAegust 2015 NSAW meeting in Portland. Subsequent

work has been in refining these methods to include more species, mapping ttieveataector

subcomponents (referred to astiarswhich aggregate tows into similar categories of gear type, area,

timing, and species compositiorig}o the current management sectors (specifically so that PSC

constraints can be included effectively), and adding a BSAI component of Pacific halibut population into
the model for developing and testing abundavased PSC comtt rules.This project is prepared to add a
Pacific halibut operating model (OM) so that testing BCR for analysis can proceed. This simplified

(relative to the IPHC assessment model) will be basdittioig halibut assessment output as an
approximatiorto what is done in realitgyet still bereadily useabl&ith the MST MSE framewoik

Details on how best to capture historical total fishing mortalities going forward in simulation mode (the

OM is used to feed fAdat aod t aonbhtéhe Boea staffare cogfidente st e d
that a reasonable approximation will be possible (and necessary to test downstream impacts on the Pacific
halibut stock and fisheriedpetails of the general approafdr the multispecies technical interaction

mode (as was used for the 2005 PSEdBH plan for establishing a function operating model for the
Pacific halibut stock wildl be presented to the SS

5.2.2 Use of IPHC MSE in impact analysis

The IPHC MSE procedsas been in deopment for several years. Initial development has focused on
definition of management objectives, management procedures and scenarios to examine, metrics of
performance, and development of operating models and evaluation tools. Equilibrium toolselmave be
used to engage the Management Strategy Advisory Board (MSAB) and familiarize it with the MSE
process. Much of the discussion with the MSAB has involved articulating coastwide asgecitia
objectives for the halibut fishery and the stock.

The IPHChas been using a coastwide operating model for the MSE investigations, although it recognizes
that many stakeholder concerns are expressed at agpa@éc level because of the existing 1Q
management structure for the fishery. To that end, the Coiomis#ll be developing a spatialgxplicit
operating model or models as companions to the current process and moving away from equilibrium
evaluations. The development over the next year will be to move to a-tbogetlilly dynamic MSE

process incorpating estimation and implementation components in the feedback process. Subsequent
development will be to incorporate spatiadiyplicit models into the closddop process.

Bycatch mortality is only one of many elements of halibut management thatgsdxaimined in the

MSE process. Integrating the coarser PSC management in Alaska with bycatch mortality management by
Individual Bycatch Quotas practiced in other IPHC management areas is a major thread in the MSE
investigations. The management procedass®ciated with these two forms of bycatch management

afford different levels of management opportunity and precision. DMRs associated with each form of
management are variables in the MSE evaluations and their evaluation forms a component of the
evaluaion of management procedures (such as harvest control rules, target harvest rates, fixed or variable
bycatch mortality controls, minimum size limits, fishery timing, etc.) being investigated.

The Commission staff will be making an informational presentation on its MSE process to the Council at
its April meeting.

BSAI Abundance-based PSC Limits — Discussion Paper, April 2016 27



C6 Halibut Abundance-based PSC
APRIL 2016

5.2.3 Impact analysi® include explicit consideration r#lative reductions in Pacific halitisiPR

As noted above, an age structureddelaconditioned on the IPHC assessment results and subsequent
accounting of the relative age specific fishing mortality under different BCR will be required. This will
require estimating the relative selectivity of the bycatch fisheries (and the variabsgiich
selectivity/availability) over timelt is envisaged that this would provide a statistical basis from which an
evaluation of the relative ingptance of different BCR options have on the impact of Pacific halibut stock
and fisheries.

5.2.4 DMR workingmpup and shedule

A workgroup of IPHC, Council, AKFIN, AFSC and Regional Office staff are working to reevaluate the
methodology for determining discard mortality rates (DMRs) that are appt&ehson in groundfish
fisheries. A discussion paper which iews issues associated with the current DMR methodology, some
datarelated analyses and proposed alternative methodologies for establishing DMRs will be provided to
the Council in April 2016. The workgroup will continue to evaluate alternative DMR egimraethods

and will provide a new recommended approach for consideration by the Plan Teams, SSC and Council in
the fall of 2016. The intent is to use the newly estimated DMRs for the 2017 groundfish harvest
specifications cycldn the evaluation of alteatives, it may be useful to explicitly consider plausible
estimates of uncertainty in the estimates of DMR values, both within the underlying viabilities and the
estimation methodology within fisheridsoth within the underlying viabilities and the asdtion

methodology within fisheries.

5.2.5 Additional analytical considerations.

The SSC made several requests in June 2015 for additional information and analyses to be included in
any subsequent analysis of revising halibut PSC limits in the BSAI. Some sped#ithat are available

to assist in the policy decisions by the Council include commercial, subsistence and recreational catch
data in the Bering Sea (IPHC Area 4). Many of the analyses identified by the SSC will be addressed in
any subsequent analysistiated by the Council with respect to revising BSAI halibut PSC using some of
the tools already outlined above in tandem (specifically drawing upon sensitivity analyses and projections
using the IPHC MSE analysis for the Coastwide halibut stock arigsasaavailable using the AFSC

MST model and simulations developed to assess the relative constraints and impacts upon groundfish
fisheries and halibut under varying PSC limit constraints, fleet behavior and halibut abundance).

Additionally, downstream g®cts to the GOA, BC, and U.S. west coast of any revised management
actions in the BSAI will be evaluate@nce alternatives have been adopted by the Council, an analytical
workplan will be developed and reviewed by the SB&tailed development of this algtical outline
however will be contingent on the Council articulating goals and objectives for the action as well as a
developed suite of alternatives to meet these goals and objectives.

It should also be noted that largely in response to commentsloB8SC on halibut management

moving forward, the Council has adopted and undertaken considerable effort to formulate and revise a
AHal i but Frameworko as a programmatic planning to
communication between the Cailrand the IPHC. This framework is being iteratively updated and

remains a living docunms for periodic review.

5.3 TIMELINE
Given issues and considerations noted, agsegp timeline for work products andrative considerations
by the Council associatedth such are proposed in Figut8.
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) ) Workplan to develop alternatives
IPHC actions and review for analysis Council actions and review
anl C.ounu.l mee.tlng: April: Council action on
Review Q|scu35|on paper -' discussion paper:
October 2016: A Action as needed requests to analysts for
Science Review Board: A (Related) review DRM progress October
Review of discussion ctoh
paper; MSE review(?) - - Ctober:
MSAB review of October 2016 Counql meeting: Receive MSAB and SRB
discussion paper: A Develop alternatives comments (?)
recommendations to A Control rule _ Action on development
IPHC/Council A Abundance estimate of alternatives
A Additional requests for next paper MSE review by
as needed SSC/AP/Council;
Comments to IPHC?
December 2016: . .
IPHC interim meeting: December 2016 Co_unC|I meeting: December:
Review/comment on A Further alternative development: Input from IPHC(T);
alternatives to Council A PSC allocations Rletwse ?'nd/or finalize
i i ; alternatives
January 2017 A Adopt |re¥cl'si sultelof.altﬁrnatlves/
IPHC meeting: _ nitiate analysis (T) February 2017:
Update from Council; - - Revise and/or finalize
Review/Comment on February 2017 Council meeting: alternatives
alternativesand A Adopt revise suite of alternatives/ Adopt timeline for initial
integrated analysis with Initiate analysis (T) review
MSE; comments to A Adopt timeline
Council

Figure1l3. Timeline and workplan options for Pacific halibut abundance based PSC developments.
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6 SUMMARY OF POTENTIIUNCIL CONSIDERAH@AETION

Actions for Council in April:

9 Adopt proposed workplan
1 Request focused discussion papers which outline key iterative decisions by Council in stages to
allow for initiation offormal (EA/EIS)analysis in 2017. Suggested topics to include in
discussion papers include:
0 Additionalinformation as needed to select a single abundance index for analysis
o Draft control rule formulations and decision points associatedthgtfollowing:
A Single vs. multiple control rules (by gear or sector)
A Slope of control rule and basis thereof
A Minimum/maximum levels or thresholds associated with control rule
0 Allocation of PSC limits amongsEctors
Draft purpose and need for analysis to aid on development of appropriate alternatives
Other direction to Workgroup?

= =4
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ATTACHMENT.
SOME PROPOSED FORNMSYICATCH CONTRQIEBTO CONSIDER FOR
ABUNDANGBASEIPACIFIC HALIBEPSQCIMITS

What follows is an attempt to provide an example of some options for how a Bycatch Control Rule
(BCR) might be constructed.die that there is no requirement for a BCR to be explicitly linked to
specific biological or soci@conomic characteristi@sthose aspects fall under how well the BCR behaves
based on performance indicators designed to evaluatedfisder management ammblicy objectives.

The idea is to derive a BCR that can be tested and best indexes Pacific halibut encounter rates within the
groundfish fisheryhile accounting for current (and future) impacts on the Pacific halibut resource as a

whole.Two generalizedontrol rules are proposed, both of what#fine u, and A as measures arising
from survey index data and a measure of stock status from the IPHC coastwide assessment models (e.qg.,
their estimated median ensemble relative spawning biomass), respectively. To either form, the Council
may wish to consider an additial constraint to limit the maximum and minimum allowable PSC:

if PSG,, ¢ PSG then PSG = PSC

if PSG,,2 PSG then PSG = PSC

Where PSG, and PSG would need to be established through either policy or analysis.

BCR1

The following form simply specifies a rate relative to the indsixes with option to carry momentum
from the previous yeard6s PSC values:

3
PSG,= PSCw#, uw 8 Aw § wl®
i=1
The values foia,, g, could be specified based on historical patterns of the ratio of actual bycatch to a

specified measure of bioma&sg., Fig.14). Based on the mean ratios from 285, and hypothetical
future index trajectories, the BCR suggests that with equal weights (v, =W, H 3), a putative PSC

limit behaves reasonably (Fitj5).
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Figurel4. Historical ratios (BCR1 consideration) of the bycatch in mass divided by the EBS bottom
trawl survey estimates and also the IPHC estimated spawning stock biomass (SSB); 1996
2015.
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Figurel5. Example BCR1 (grey linebottom panel) with equal weights based on hypothetical index
trajectories (top panel). Note that in the bottom panel, the blue and orange lines were

computed as?, A anda,u,, respectively.
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BCR2

An alternative which would involve adjusting harv
both younger and say, the reproductive stock components). As above, the PSC would involve an
iintegratedo model o f thk auverdle indexrapddhe elddithassdsgmenw e i ght i n
results, and the most recent PSC limit:

PSC,=PS@gw+{ Y w +o A wg a__ w19

The functiond andg are constructed so as to be dimensionless and PSC expressed in either numbers or
biomass units of Pacific halibut. As wiBCR1, this form can encapsulate many shapes and approaches,

e.g., constant PSG\ =1,w,,w, =0) or only dependent on index dat(=0,w, 3,w, €)etc. The
functions within this form

g(A)=1 #nin(O,rA,t J) g;mao( Or,, )1

where r,, =——andA, A are the median spawning biomass at tiraed reference target

ef
respectively. The terng, is added to control the rate at which PSC is allowed to increase. To establish a
reference target for presentation purposes, we selected the mean percentage of the median equilibrium
spawning biomass presented in the RARA (2015) from 200%. This resudtd in a value forA, equal

to 41%§.

Similarly for index data,

f(u)=1 41fnin(0,ru‘t J) gu+ma>( o )1

u . . ,
wherer,, =—— and g, have analogous meanings for the index data. The selectigy ofas taken to
Y uref

be the mean value for the index from 2€AL5 for presentation purposes only.

The amount of weight given to the prior PSC limit and the IPHC assessment in such a model would be a
policy related call to how much favor stability in favor of the trend of the overall population size. To
illustrate how such a form might work, a single scenario of hypothetical increases and decreases in

indices (U, and A) and the resultig application of the BCR under three configurations is show#ign
16.

® This value is something that would require more explicit consideration from the IPHC; as a BCR aspect though,
performance indicator of thevaluation would be most critical rather than the actual selection of the value here. This
is just for working an example for illustration.
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Figurel6. Example BCR2 settings and results. The first row is underlying input indices (equal in all
cases here) and middle row is the function results as shown in the equations and bottom row
are the resulting PSC results given upper and lower limits of 5 andiatiabt of PSC.
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