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Abstract

The International Pacific Halibut Commission (IPHC or Commission) has the responsibility for
conservation and yield frorthe Pacific halibut resource. In 20t8e Commission requested that the

staff prepare a discussion paper tre biological and management issues involved with managing the
removalsof all sizes of Pacific halibut, particularly the explicit accountingrfortality of halibut less

than 26 inches in lengtilU26) This report develops a conceptual extension to the current harvest
policy which allows for direct evaluatiaf U26 mortality, and uses the 2013 resuibtscompare harvest

policy calculations witlalternative distributions of removasmongbycatch and the directed fishery.

Current harvest policy calculations do not respond to changes in projected annual U26 bycatch
mortality; however, changes imycatch removals (including both the 026 and U26taliby) are found

to have an approximate pounridr-pound effect on directed fishery yields when all other sources of
mortality are considered. These effects are quantified and included in projection tables that summarize
all sources and sizes of halibomortality. This reportoutlines relevant management considerations,
procedural constraintsand promising paths for future IPHC processes. Major sources of uncertainty
relating to various components of these analyses diseussed, and potential data imgyements that

could reduce this uncertainty ardsoidentified.
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Introduction

The International Pacific Halibut Commission (IPHC or Commission) has the responsibility for
conservation and yield frorthe Pacific halibut resource. A#movals from the halibut resource are in

the form ofeither directed (commercial, recreational, subsistence, ceremopiation-directed (bycatch
mortality from releases ffish in nontarget fisheries ad incidentalmortality of fish in directed fisheries

that must be releasetly regulation or wastaggfishing activities Whilemortality associated with the
directed fisheriesis under the management authoritgf the Commissionpycatch mortality is not.
Rather, bycatch mortality is controlled by fedeemencies of the two contracting parties (Canada and
the United States).

Accounting for and managing all sizes of removals of Pacific halibut has been an increasingly important
topic of discussion over the last decade, as directed fishery removals haverbduced and non-
directed removaldave become relatively more important to both biological and fishery objectives. In
recent years, mortality associated with bycatch in #arget fisheries as well as wastage in the
commercial halibut fisherias compised more than than 20%f the total removalgby weight)from

the coastwide stock In the Bering Sea and Aleutian Islands (BSAI), bymgiobsents a much larger
proportion: in Area 4CDE in 201&86% of the total removal@ere bycatch The biologicatharacteristics

of these removals differ importantly from directed fishery landings: bycatch and wastage are
predominantly comprised of fish less than 32 inches in length (U32)Xankycatch,many are less than

26 inches in length (U26). This meansttha equal weight of removals from bycatch or wastage will
correspond to a much larger number of fish than in the directed commercial fishery. Commission staff
have produced several analyses of the potential lost yield associated with mortality of U322énd
halibut, as well as the implications for equilibrium stock levels. However, previous analyses have not
been framed in terms of application of the harvest policy and calculation of annual catch limits.
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includes complete accounting of estimated removals of all sizes of fish from the halibut stock. The
results from the stock assessment have been summarized, since 2013, in a decision table evaluating the
trade-off between potential benefits, in the form of fishery removals, and risks to the future stock and
fisheries. An important reference component of the annual decision table is the Blue Line, or the
Y2NIFEAGe | aa20Al G4§SR gsiclrniént Bakést pblityLJhe cOrrerit hazvgst paliey G K S
provides direct arespecific accounting for all removals of fish greater than 26 inalhdsngth (O26)

This has been the case since 2011, when the policy was extended from previous calculations that
explicitly considered only032 removals.In the current harvest policy amtality of U26 halibut is

implicitly assumed to be present at a constant rate, which is included in the target harvest tia¢es

target harvest rates are lower than they would bethe absence ofU26 mortality However, U26

mortality is notincluded inthe quantitative evaluation of annual catch limits and there has been no way

to directly compare these removals with those of 026 fish. This means that the potential effects of

'This report uses the terms firemoval sd6 and fimortalityod
to bycatch and wastage indicates only the portion of those fish that subsequently die and, unless stated specifically,
does not include $ih that have been handled and subsequently survived.
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observed years later when they have been fully realized in the stock dynamics and are reflected in the
assessment estimates of stock size and productivityis system of accounting has nbvided a clear
understanding of theeffectsof U26mortality to decision makers and resource users.

At its 2014 Annual Meeting, the Commissioconsideredrecent progress by its Halibut Bycatch Work
Group. In particula the Commissiomvaluatedissues associated with levels of bycatch mortality and
their impact on halibut population dynamics and yield, based on current understanding of the stock. As
a result of its deliberations, the Commission requested that thef giadpare a discussion paper time
biological and management issues involved with managing the mortality of all sizes of Pacific halibut.
The essence of this request is to bring the accounting for mortality of U26 fish into the same framework
as that formortality of O26 fish.

Subsequent to this direction to staff from the Commission, the North Pacific Fishery Management
Council (NPFMC) began consideration of its management program for bycatch mortality of halibut in the
Bering Sea/Aleutian Islands (BS#&RQion. The NPFMC transmitted to the Commission a request for a
summary of the status of the halibut stock and an estimate of the impacts of halibut bycatch mortality in

the BSAI area on the halibut resource and its fisheries. IPHC staff had precmngilcted similar
analyses for the BSAI and the Gulf of Alaska (GOA) regions (Hare et al. 2012, Hare and Williams 2013). In
particular, Hare et al. (2012) examined the issue of total mortality impacts on halibut stock management

in a more restricted frameork, involving maintenance of existing protections for stock spawning
biomass afforded by the IPHC harvest policy.

The IPHC staff took the opportunity presented by the Commission request and the 2014 NPFMC request
to begin development of a new total moliity accounting framework.Thisreport extendsthe material
prepared for theNorth Pacific Fishery Management CourisiPFMC or Councind presented at its

June, 2014 meeting in Nome, Alagdewart et al. 2014)Thatdocumentconsidered specificallyt) the

status of the Pacific halibuH{ppoglossus stenolepisesource in the Bering Sea and Aleutian Islands
(BSAI), and Zhe impact of Prohibited Species Catch (PSC, or tdycat the BSAI trawl and fixegkar
groundfish fisheries on halibut stockomass, reproductive potential, and the shodnd longterm

yields to the directed halibut fisheries.

This report developsa conceptual extension to the current harvest policy which allows for direct
evaluationof U26 mortalityimpactsin the context ofstandard harvest policy resultdt uses the 2013
results for comparison of alternative distributions of removials bycatch and the directed fishery. It
also outlines potential management considerations, procedural constraams promising paths for
future IPHC processeBlajor sources of uncertainty relating to various components of these analyses
are discussed, and potential data improvements that could reduuis uncertainty are identified.
Updated information following tb framework presented here will be provided for the IPHC
Commissioners and stakeholders consideration during the 2014 annual process.



History of IPHC management

The IPHC has managed the directed commercial halibut fishery since its inception in 192&3eadriyt
decadesmanagement focused ofishinggear and effort rather tharotal fishery removals. In 1940, a
five pound minimum size limit (net weight) was instituted, and this was converted into a (nearly
equivalent) 26inch minimum size limit in 1944n 1963 this size limit was extended tthe Bering Sea.
In 1973 a 32inch minimum size limit was adopted for all existommmercialhalibut fisherieswhich
included directed longline as well as an incidental troll fishery (Myre, 1973). This mandgastien
occurred at a time when siza#-age was very largend therefore fish grew beyonthe legal size limit
much more rapidly than ireither earlier or later periods.With the change irthe minimum size limit
cameincreased and appreciabfeshery watage, mortality associated witteleasedfish that could not
be legallylanded.

Pacific halibut are caught several directedisheriesincludingcommerciallongling personal usend
subsistence and sport fisheies Regulations of the IPHC prohibit itdd States fishermen from
retaining halibut captured with gear other than hook and lingimilarlPHC and Canadian regulations
apply in Canada with the exception thallows fishers licensed to catch sablefish in waters off British
Columbia, using sabieh trap gear, to retain halibut under the quota share program up to bycatch limits
as defined by Canadian regulations. The allowance of sablefish trap gear is part of an integrated
groundfish fishery plan wherenost species are under individual quota skarand fishers are
responsible for the mortality othese speciesregardless of whether they are retained discarded.
Regulationsin both countriesare designed to prevent fisheries other than the directed halibut fishery

or those other hook and line fisheries permitted under regulatiwom targeting fishing effort toward
halibut. However, halibut are often caught incidentally in other fisheries, and released fish may not
survive injuries received during capturdhus,the incidental catchbycatch)represents a important
source of mortalityandresultingyield losgsto the directed fisheriesnay besubstantial.

ThelPHC relies largely on information collected by other agerasethe source of bycatch amounts

The most reliable information on incidental catch is froom-board observes. However, observer
programs are expensive to implement in a comprehensive manner. Observations on bycatch in BSAI
fisheries are among the more extensive for fisheries in Alaskathimse in the Gulf of Alaska (GOA),
although improving, are among the least extensivEhe trawl and hoolandline fisheries in British
Columbia operate under a fully integrated system using video monitoring, onboard obsemwdrgort

based sampling tensure that individubvessel quotas are effective. In Area 2A, the groundfish trawl
fisheries have operated with 100% observer coverage and individual bycatch quotas since 2011.

Totalhalibutremovals ranged from4to 85million poundsnet weight (Mlb;note that the IPHC uses net
weight for all calculations, this dressedeadoff weight is approximately 75% of the round weight
during the 1960s, withbycatchmortality estimatedto have ranged from a high of 21 Milb in 1965
decreasingto a low of 15Mlb in 1969. Total removals subsequently declinpdmarily due to the
reduced quotas allowed by IPHC, which was in response to a decline in the abundance of halibut.
However, incidental mortality remained high due to a lack of regulation and became ansimgjlga
larger share of the total removals through the 1970s.



Halibut abundance stabilized during the riii70s and total removalsom the resource ranged from

34 to 43MIb during 1974 to 1982 Bycatchmortality declined to a low of 1®1lb, but increasedo 19

Mib in 1980, partly as a result of increased foreign fishing eff@sgtcatchmortality declined as foreign
fisheries operating off Alaskaere curtailed and wereeliminated in the GOAn 1986. However, pint-
venture fishing began in the late 197@d expanded sharply in the early 1980s, as foreign fisheries
were phased out. The joistenture and subsequent domestic fisheries were not initially subject to the
same bycatch restrictions as the foreign fisheries and bycatch mortality increased, gp@ak20 Mib
coastwide, and over 10 Mlb in the BSAI region in the early 19@0sstage in the directed commercial
fishery, likely small prior to 1978\ creased during the 1980s as the fisheries were restricted to shorter
seasons, encouraging less effidiéishing practices and resulting in large quantities of lost gear.

Initial restrictions on bycatch mortality in the BSAI region were implemented under the auspices of the
International North Pacific Fisheries Commission (INPFC) or bilateral arrangd&eivesn the U.S. and
foreign fishing nations.The IPHC Bering Sea Closed Area was created by the Commission in 1967 to
protect a nursery area for juvenile halibut, in response to severe declines in halibut abundance. The
current Closed Area is slightly alter than the original definition due to reductions that occurred when
Area4 was first partitioned into separate areas in 1983 (Hoag et al. 1993), and the exclusion of Bristol
Bay in 1990 (Gilroy and Hoag, 1993)he Closed Area had historically accednfor a relatively small
percentage (<10%) of the directed halibut landings in the Bering Sea but was a source of significant
halibut mortality from foreign vessel bottom trawling. The Commission recommended the closure to
both directed halibut fishing, fich was under Commission jurisdiction, and to bottom trawling, which
was not under Commission jurisdiction. However, through negotiations withinNR&CGind bilateral
agreements with foreign governments, the Closed Area was also closed to foreigmbinéevling.
Throughout the late 1960s until the early 1970s, the Closed Area provided significant protection for
juvenile halibut, with bycatch mortality drgging to an estimated low of 412llb in 1985. Coincidentally,
halibut abundance improved dramatilty, fuelled in part by strong year classes of the-afid0s.

As Americanization of the Bering Sea trawl fisheries occurred in the early 1980s, following promulgation
of the U.S. Extended Econondone, the protection to juvenile halibut afforded by théosed Area
diminished as domestic fisheri@gere not extuded The NPFMC implemented control measures for
bycatch mortality by instituting gear and fishesgecific limits and closures within the BSAI includiireg
Closed Area, throughout thd980s. Howewe mortality on halibutin the BSAlagain increased
substantially in the 1988991 period, reaching peak of 10.MIb in 1992. Bottom trawling within the
Closed Areaurrentlyaccounts for a significant proportion of the halibut mortality in the Berieg Snd

the arearemains open to all fishing except directed halibut longline fishing.

As domestic groundfish fisheries developed and foreign fishing was phased out in the 1980s, federal
regulations were implemented to limit bycatch of halibut so asrtimimize impacts on the domestic
halibut fisheries. Interception of juvenile halibut often occurs in trawl fisheriesetarg other
groundfish speciesuch as rock sole, pollock, yellowfmles and Pacific codncidental catch of halibut

also occurs irgroundfish hook and line and pot fisheridacidental 032 halibut within the longline
sablefish fisheries can be retained if halibut quota share is held. In other groundfish hook and line or pot
fisheries, egulations require that all halibut caught inemtally must be discarded, regardless of
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whether the fish is living or deadroundfish pot gear is exempted from halidogcatch restrictions
because thaliscard mortality rate and total mortality associated with this gear typesitémated to be
relatively low, and existing pot gear restrictions are intended to further reduce halibut bycatch
mortality. The IPHC does make estimates of this source of mortality, which are included in all analyses.

Regulations to control halibut bycatch in domestic groundfisheries were implemented initially as
part of the BSAI groundfistisheriesManagementlan (FMP)n 1982. These regulations reflected some
of the time-area closures in effect for foreign trawl operationBeginning in 1985, annual halibBSC
limits were implemented for the groundfish trawl fisheries, attainment of which triggered closures to
bottom trawl gear. Seasonal allocations of halibut PSC limits also are authorized.

Other measures that have reduced halibut bycatch include seasonadraadallocations of groundfish
guotas for selected target species, seasonal and year round area closures, gear restrictions, careful
release requirements, public reporting of individual bycatch rates, and gear modifications. While the
groundfish FMR albw the NPFMC to set the season start dates to accommodate fishery interests, it
has relied on the seasonal apportionments of halibut PSC limits to take advantage of seasonal
differences in halibut and some groundfish fishery species distributions. Geectiess are specified

to reduce bycatch or bycatch mortality of halibut. Restrictions include (a) requiring biodegradable panels
on groundfish pots, (b) requiring halibut exclusion devices on groundfish pots, and (c) revised
specifications for pelagicdawl gear that constrain the pelagic trawl fisheries for groundfish to a trawl
gear configuration designed to enhance escapement of halibut.

PSC limithave been used to control the bycatch of halibut in the groundfish fisheries off Alaska since
the initial groundfish FMPs were developed. PSC limaie intended to optimize total groundfish
harvest, taking into consideration the anticipated amounts of incidental halibut catch in each directed
fishery. They are apportioned by target fishery, gear type, aaben. Essentially, these bycatch limits
provide an incentive fospecificfisheriesto operate in times and areashere the highest volume or
highest value target species may be harvested with minimal halibut bycatch. Directed fishing must stop
when seasnal PSC limits are reachedil other fisheriesremain unaffected. Reaching a PSC limit results

in closure of an area or a groundfish directed fishery, even if some of the groundfish (particularly
flatfish) total allowable catchTAQ for that fishery remins available for harvest

Current regulatory structure and jurisdictions

Each year the IPHC sets directed fishery catch limits (FCEYs) for each of eight major Regulatory Areas:

2A, 2B 2C, 3A, 3B, 4A, 4B, and 4CIDEluded in those catch limits are tliirected commercial fishery

landings in all regulatorgreas. In Areas 2A, 2B, 2C and 3A, by Catch Sharing Plan (CSP) or regulatory
authority (2B) some removals from the sport fishery, personal use and subsistence, and commercial
fishery wastage are alsacluded in the FCEXWWS Y2 @I f & NXB3dzZ SR AYRSLISYRSYy(
catch limits therefore include wastage in maseas, bycatch, nol€SP sport removals as well as all

personal use and subsistence removalscept in Area 2A)

Halibut in the eatern Bering Sea, Area 4CDE (including the Closed Area), are considered to be a single
unit in all IPHC analyses. However, management subareas 4C, 4D, and 4E were created to serve the
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determine the specific catch limits for these subareas. The percentagesstaithese areas, as
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catch limit for Area 4CDE, andeA 4E receives 7.14%. If the total catch limit for Area 4CDE exceeds

1.6576 Mib, Area 4E receives08 Mlb off the top of the total catch limit before the percentages are

applied. Within Area 4CDE, the annual available halibut yield is further alloaatedg CDQ and IFQ

fishing within subareas. The amounts allocated to CDQ by area are: Area 4C 50%, Area &l 30%

Area 4E 100%. There are also provisions within the CSP allowing Area 4C CDQ and IFQ to be harvested

in Area 4D, and for allowing Area 4D@ fish to be harvested in Area 44l of these allocations are
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Incidental nortality of halibut occurs in directed halibut fisheries as a result of mortality to halibut
required to be released if the fish are smaller than the IPHC minimum legal size limit (FDirthe
commercial fisheryhis mortality is estimated by the Commission annually. Release mortality in other
directed fisheries (recreational and personal ude estimated onlyfor recreational fisheries in
Regulatory Areas 2C and 3Mortality of halibut in nortarget fisheries is estimated by federal
regulatory agenciesti{e National Marine Fisheries ServidéMFS,and Fisheries and Oceans Canada,
DFO) whichregulate nontarget bycatch mortality within the two nations. However, the regulatory
structure for control of nortarget bycatch mortality varies by regulatory area. Detailed presentation of
the bycatch management framework in each area is containgdainm et al. (2012) and we present
only a brief gnopsis of this framework here.

Regulatory Area 2A (Washingte@regonCalifornia)

For regulatory Area 2A, nearget bycatch mortality is under the jurisdiction of the NMFS but allocative

and control measwes are developed by the Pacific Fishery Management Council (PFMC). Mortality of
halibut occurs in nottarget trawl fisheries dr groundfish, hooland-ine fisheries for groundfish and

salmon, and pot fisheries for sablefish. Since 2011, the PFMC hiagexsindividual bycatch quotas

for halibut mortality within the IFQ groundfish trawl fisheries, combined with 100% observer coverage

of vessel trips. In 2013, the total mortality limit for the IFQ trawl groundfish fishery was 84i9MIb
(netwt.), g A 0K 2@0SN) oz 2F GKA&a dz2aFt FEf20FGSR G2 GKS
actual halibut mortality in this trawl fishery has been decreasing since the imposition of individual
bycatch quotas and for 2012 the mortality estimate was @h@67Mib.

The hook and line fishery in Area 2A does not have 100% observer coverage and an assumed discard
mortality rate (IMR) of 286 is applied to the estimated halibut releases in this fishery. For 2012, the
estimated mortality in this fishery wa@.059 Mb. There is no estimate for release mortality in the
recreational fishery. Mortality in the groundfish pot fisheries is low and, using a DMR of 18%, the
estimated mortality of halibut in this fishery in 2012 w801 MIb. Halibut excluder devicdémve been

required in all shrimp trawl fisheries since 2003 and halibut morthbty been assumed to be zero since
2012.



Regulatory Area 2B (British Columbia)

Halibut bycatch mortality in netarget fisheries in Area 2B is under the jurisdiction of th&Dwhich is

also responsible for allocative usage by different fishing sectors. Mortality of halibut diremted
commercial fisheries occurs for groundfish trawl, shrimp trawl, crab pot, sablefish trap, and hook and
line fisheries. Mortality of reksed fish also occurs in the recreational fishery, but no estimate of this
mortality is available. Mortality of neretained halibut is regulated in three ways: (i) direct monitoring

of individual vessel bycatch limits in the groundfish trawl sectordi@@ct monitorng and estimation of
mortality in the hook and lindincluding directed halibut fishinggnd sablefish trap sectors; and (iii)
estimation of bycatch mortality in shrimp trawl and crab pot fisheries. Groundfish trawl, hook and line,
and sabgfish trap fishing is subject to 100% monitoring at sea, as well as 100% dockside monitoring.

Since 2006, the hook and line and trap sectors have been managed under a Commercial Groundfish
Integration Program, wherein all vessels are responsible anduataiole for their032 halibut bycatch
mortality. Vessels must obtain commercial halibut Individual TransferkédseQuota(ITVQ)o cover

both retainedand discarded32halibut, and vessels are subject to trip limitddaannual caps of halibut

usage The mortality of U32 fistassociated with halibut landings estimated from logbook discard
records anda 16% DMRhis mortality is covered under the commercial halibut ITVQ systeough a
pre-quota reduction Mortality of U32 halibut for fisimg ectivity that did not land halibut is currently
unaccounted for.

Bycatch mortality in the Area 2B trawl sector is managed under a Halibut Bycatch Management Plan, as
a component of the overall groundfish Integrated Fishery Management Plan. ProvisiomsRyd#tch
Management Plan include: a total halibut mortality fleet limit of 1 Mlb; individual vessel mortality caps;
and, the provision for bycatch ITQ transfer among vessels, subject to total vessel mortality caps. All
vessels are subject 100% at sea itanmg and 100% dockside monitoring. Mortality is assessed from
condition factors estimated by observers. Total estimated bycatch mortality in the Area 2B trawl sector
for 2013 wa$).225 Mb.

Bycatch mortality in thdrawl fisheries forshrimp andpot fisheries forcrab is based ownly limited
observer coveragand retention is prohibited in both fisheries. However, bycatch reduction devices
have been mandatory in the shrimp trawl fishery since 2001/2@02 bycatch mortality is estimated to

be zro, similar to Area 2A shrimp trawl fisheries. The characteristics of pots used in the Area 2B crab
fishery provide limited opportunity for halibut bycatch. The target species is DungenesLCenade(
magistel, a relatively small crab compared witmgiand tanner crabs targeted in Alaska, and the pots
have small tunnels and mesh sizes wHitit the capture of larger species. While direct observations of
this fishery are limited, they indicate minimal occurrence of halibut over a delmaderecord.

No estimates of total halibut discard mortality in recreational fisheries in Area 2B are available, although
discards are known to occur in these fisheries. Discards within the ceremonial/subsistence fisheries by
First Nations are assumed to be negligibl



Regulatory Area 2C, 3, and 4 (Alaskan waters)

Nontarget halibut bycatch mortality in IPHC Regulatory Areas 2C through 4 is under the jurisdiction of
the NMFS but allocative and control meessl are developed by th&PFMC. In addition, some
monitoring and estimation processes are conducted by the Alaska Depattrof Fish and Game
(ADF&G); howeverhe ADF&G does not have direct regulatory authority over halibut removals or
allocation. Bycatch mortality of halibut in naarget fisheries occurs in guadfish trawl, groundfish
fixed-gear, shrimp trawl, scallop dredge, and crab trap fisheries. Over 80% of thtangen halibut
mortality occurs in the groundfish trawl fisheries; with fixgelar groundfish fisheries creating
approximately 10% of the halit mortality.

Regulation of halibut bycatch mortality in noarget fisheries in Alaska is complex and is orchestrated
by the NPFMC. The primary regulatory vehicle for halibut bycatch mortality control is through limits on
Prohibited Species Catches (BS Subordinate to the PSC limits, are a host of regulatory processes that
are designed to facilitate access to the maximum amount of available groundfish catches, while
adheringto the PSC limits. These measures are detailed in Karim et al. (2012)ilaach%(2014)and

are only summarized here.

The BSAI halibut PSC limit is set in regulation and the GOA halibut PSC limit is set annually through the
groundfish harvest specifications process; neitisetied to halibut abundancd-ederal regulations sb
establish allocations of the BSAI halibut PSC limit between the community development quota (CDQ)
and nonrCDQ fisheries and a process for apportioning those limits amongbgp fisheries.

For 2013, the estimatedycatchmortality (in net weight)for halibut in Alaskan fisheries waBSAkrawl

4.50 Mlb, BSAI fixed gear 0.71 Mlb, G@wl 1.82 Mlb, and GOA fixed gear 0.50 MIb. These values,
with the exception ofGOA fixed gear were well below total PSC linfitee PSC mortality limi{n net
weight)for halibut bycatch in 2013yere: 5.80 Mlb forBSAtrawl, 1.50 Mlbfor BSAI fixed geaB.26 Mlb

for GOAtrawl, and 0.50 Mllfor GOA fixed geaiThese PSC mortality limits are further subdivided into
seasonal apportionments by species complexes and gaamach area. The final subdivision of PSC
bycatch mortality limits in Alaskan waters involves allocation by the NPFMC of specific halibut bycatch
limits from the overall limits to fishery cooperatives that manage these allocations internally, to
minimize bycatch and achieve maximum access to groundfish quotas. These include the Central Gulf of
Alaska Rockfish Program, the Amendment 80 fishery cooperatives in the BSAI and GOA, the sideboard
allocations to norexempt American Fisheries Act vessels inthg! L ' yR Dh! = FyR GKS
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fisheries are exempt from PSC limits. Mortality estimates from these fisheries are derived from observer
estimates of discards paired with pmeason DMR estimates, which are updated every three years
although data from observers are collected continuously.

Lastly, fisheries regulated by the State of Alaska in territorial waters are not subject to comprehensive
monitoring of bycatch mortality Fisheries within which bycatch occurs include: (i) beam trawling for
shrimp and flounders in Area 2C; (ii) hook and line fisheries for sablefish in Area 2C; (iii) sablefish hook
and line fisheries in Prince William Sour&rga 3A); and, (iv) king and tanner crab pot fisheries
throughout the GOA and BSAIl. Estimated bycatch in these fisheries had historically been estimated



from research data but in 2012, tH®HC ceased using these @iHdate data and began to work with
ADF&G to update estimates. Progress on this initiative has been limited and new estimates are not
available for these fisheries.

Accounting and management in other fisheries
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catch limits, and U26 removals, not included in catch limit calculations (see full description of the
harvest policy beloyv This approach is quite atypical the context of similar fisheries in the North
Pacifi¢ and around the world. By the mid1990s, fisheries reference points based on integrating all
sources of mortality into estimates of Spawning Potential Ratio (SPR, described below) were in common
use in the United States (Mace and Sissenwine 199@jrentcatch limit calculatins for the U.S. Pacific
(http://www.pcouncil.org/) and North Pacific Counciht{p://www.npfmc.org/) processes generally
include all sources of mortality and all sizes of figHs therefore often a prerequisite for calculation of
directed fishery Optimal Yield (OY) or Total Allowable Catch (TAC) to make projections regarding other
fisheries and the size structure of all removals (especially where it may differ from hikfmatterns).

For example, TACs from the most recent Alaskan sablefish assessment (Hanselman et al. 2013) include
all sizes of sablefish, both retained and discarded, from all of thelinagtrawl, and pot fisheries. Only
research landings are excludémm the assessment analysend these represent less than 2% of the

total. In this casemanagement of these removals includes separate NPFMC actiortbefarawl
fishery,the IFQ direted longline and pot fisherigand theState managed fisheries.

Estimation of U26 Mortality
There are two components d§26 halibut mortalitythat are included in the stock assessment but not
the standard harvest policy tabledirectedfishery wastage and bycatdh nontarget fisheries

Wastagedescribes all mortaly of halibut that occurs during the directed fishery, but that does not

become part of the landed catch. There are three main sources of wastage: 1) fish that are estimated to
have been captured by fishing gear that was subsequently lost during fisbérgtmns, 2) fish that are
RAaAaOINRSR T2NJ NB3IdzA FG2NE NBlFraz2ya oSo3aor GKS @Sa
exceeded), and 3) fish that are captured and discarded because they are below the legal size limit of 32
inches. Briefly, U26 (ad all U32) halibut are assumed to be captured by the directed fishery at a rate
Sljdz £ G2 GKIG 20aSNWSR o0& GUKS Ltl/Qa aSatAay$S adzn
estimate of the number of halibut discarded by the fishery, to which a D8ARis applied for fisheries

operating under a quota progranand a 25%DMRrate is applied to those operating under a derby

system (currently only 2A). Lost gear is assumed to have encountered legal and sublegal halibut at the
same rate as gear that was hauled in each regulatory area each Fmal full description of the

methods used teestimatewastage see Gilroy and Stewart (2014).

Bycatch describes all halibut that have been captured and subsequently die durisgrgenfisheries
(Williams 201#). Bycatch includes trawl fisheries, heakdline fisheries other than hddut (e.g.,
Pacific cod, sablefish, rockfish), as well as pot fisheries. In order to estimate the mortality associated
with these fisheries, the observer progrdirst estimates the number of halibut discarded. For hook
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andine fisheries, a sample of ¢hdiscarded fislis assessed based on the type of injury the tgtve
sustained due to hooking, and then these injuries are linked to estimates of discard mortality rate by
injury type from previousnalyses. For trawl fisheriessample othe discardedhalibutis assessed for
condition, which is categzed and similarly assigned a DMR rhtesed on historical mastecapture
analysis.These values are then extrapolated to the discards estimated for the entire fisBgcgtch
estimatesalsoinclude halbut that are landed andbecause they cannot legally be sodde donated to

food banks. This occurs primarilin Alaska through the SeaShare program (Williams @0&4d in the
shoreside hake fishery in 2A, which is required to have full retentiord o&tdh.

Both wastage and bycatchave flucuated over time (Stewart 2014 recent years wastadgeas totaled

from one to just over three MIb (Fig. 1) with Areas 3A and 3B comprising the majority of this source of
mortality. Over the same period, bytch has totaled from just under 8 to just over 11 Mlb, with much

of that total occurring in Area 4CDE (Fig. B). delineate this mortality (in weight) into the U26 and 026
components, length frequencies (in numbers) and the lergdiight relationship areised. The fraction

of the bycatch that is U26 is much higher in all regulatory areas than the fradiionated for wastage

The highest proportion of U26 bycatch occurgvina 4A 43% Fig. 3 and wastage in 4CDE (11Bfg. 4.

In 2013U26 bycatch ws estimated to be 2.83 Mlb and U26 wastagas 0.12 Mlb (Webster and
Stewart 2014)

These estimates of U26 and 026 wastage and bycatch are produced annually by the IPHC. They include
significant uncertainty related to the data that are currently avadaliee section on uncertainty
below). Further, @écent restructured North Pacific Observer Program repof013 and 2014have
included differentestimates of hoolandine discards, which are difficult to compare to IPHC estimates
for several reasonsl) The IPHC reports all estimates of removals in pounds (generally millions); the
obsewer program reports metric ton£) The IPHC uses net weight (heattland gutted, approximately
75% of round weight); the observerqgram uses round weigh8) The IHC delineates discards in the
directed halibut fishery (wastage) from those in rA@nget fisheries (bycatch); the observer program
has combined these inta single hoolandine estimate;4) The IPHC reports both wastage and bycatch

in estimated mortality the observer program does not apply a discard mortality rate, but reports 100%
of the estimated pounds discarded for all fisheriesna@ 5) There has been a known erran NMFS
calculationswhere the average fish weight for the entire catch has been asdigo the nunier of
discarded halibut (whickreates a positive bias in the pounds discardee to the minimum size limit;

i.e., the discarded fish aystematically smaller than the retaineigH).

Accounting

Stock distribution and a pportionment

Generad understanding of Pacific halibut life history and distribution indicates that the bulk of the
pelagic juvenile halibut occsirin the western GQAAleutian Islandsand southwestern Bering Sea.
Densities of 4 year old halibut (not frequently encountatdn setline surveys or the directed fishery)
are typicallyalso very high in these areas; this has been observed in trawl suSagierus and Lauth
2014, Sadorus et al. 2014, Sadorus and Palsson 2014, Sadorus and PalssoRi@03Atirected IPHC
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trawl investigations(Shmitt 1985) and in the lengtHrequencies of halibut captured as bycatch in
various trawl fisheries operating in these areAfthough these observations allow for some insight into

the average distribution of juvenile halibut (mos® halibut are less than 6 years old), there is no
single geographically comprehensive source of annual distribution information, as the GOA and Aleutian
trawl surveys alternate biennially, and DFO surveys use different trawl gear and covévomf four

strata off the B.C. coast each year. In addition, juvenile halibut appear to be highly mobile, much more
so than adults, so information regarding distribution would tend to be much less relevant for
predictions.

The aggregate result of historical IPH@ding programs indicates that the Bering $ea the near
Aleutian Islands ara net exporter of halibut of all sizes to all other regulatory aré#swy analysis of
historical tagging projects conducted by the IPHC in the BSAI is currently underwaye(jifelpsep.

Some preliminary results of this analysis indicate that juvenile halibut tagged in the BSAI tend to remain
near the area of tagging for the first year at large, but then distribute broadly to the Aleutian Islands,
GOA (78B0%), and Area Ff. 6. This would imply that by the time they enter the directed fishery (and
are fully selected by the setline survey) halibut spending their first few years of life in the Bering Sea
could be in virtually any regulatory area. A very similar patterdispersal was observed for juvenile
halibut tagged near Unalaskd&ifs.7, 8. At present it is not possible to correct for the spatial
distribution of fishing effort in these data, which may lead to an overestimate of movement rates to
areas (like the GOQAwith more fishing activity.

Larger halibut aralsoestimated to moveamong regulatory areaswith the net result that regulatory
Area 2 tends to benefit from immigration, while Area 4 has a net emigrdtiatero and Webster 2012;
Table 14 Webster et & 2013. The observed distribution of the stock available to the directed fisheries
in each year will reflechot only the historical fishing effort in each regulatory ardayt alsothe
interaction of recruitment distribution and movement rates over tBelO years that these fish have
been alive.

Apportionment a key input to the harvest policy and cafahit calculationsuses the distribution of
observed 032 halibut catch rates in the setline suri@&yderlund et al. 2012, Henry et al. 2014, Webster
2014)to infer the digribution of the stock. This process is similar to how survey estimates are used by
other agenciesn the north Pacific andaround the world. Survey estimateseflect the relative catch
rate in each area multiplied by the total awdle habitat occurring in depths of-4D0 fathoms.
Apportionment calculations take into account the timing of fisheeynovalsrelative to the annual
survey, as well asompetition among halibut (of all sizes) and other species forfithiee number of
hooks deployed. These calculations are aswothed, using the most recent three years to dampen
the effects of sampling variability on stock distribution estimdi&ebster and Stewart 2014)

Apportionmentthus LIN2 @A RS & | Way | LA KogkiristBbfitedK @agh yéafakd this| f A 6 dzi
relative distribution has changed over timeith the Central and Western GOA (Areas 3A and 3B)
representing less of the total stock over time, and Area 2 relatively more (Webster and Stewart, 2014).
Calculationsin 2013 resulted in roughly ordird of the stock estimated to be in Area 3A,-18% in

each of areas 2B, 2@nd 3B, andgmaller contributions from the other areas (Table Theestimateof
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current stock distribution (not including juveniles) what allows for explicit consideration of area
specific removals in the harvest policy.

The current IPHCharvest policy

TKS Ltl/ Qa KIFNBSaid Lkt kwlsoftddethanks eate, @fatial confolbh@yddd K Y | y &
implementation strategy. Briefly, early harvest polioyplementationsused higher target rates of
exploitation, including values of 35%, 308ad finally 20% in 1996 (Clark and Hare 2006). Clark and

Hare (2004) provide a more detailed summary of @2 f dziA 2y 2F (GKS Lt/ Qa KI
2004. These early higher rates were reduced as subsequent analyses showed the stock to be less
productive and the objectives of the harvest policy were broadened from targeting Maximum
Sustainable Yield (MEYo also maintaining eeasonablestock size over a range of conditions.

The target harvest rate on which the current policy is based (20%) was generated via a simulation
analysisthatza SR RIFGF FNBY (GKS WO2NBQ 2 TCand38. IKdrderktd dzi &
account for lower productivity and greater uncertainty in Areas 3B and 4, target harvest rates were
reduced in those area@o 15%) During both the closedrea assessment peripdand the coastwide
assessment period (after 2006hese target harvest rates were used to generate regulatory -area

specific Total Constant Exploitation Yield (TCEY) estimates.

The target rates have a number of important properties and eggions enbedded in them.
Smulation analysisfound that these raes would achieve a stock size that exceeds 30% of the
equilibrium stock size in the absence of any fishi{B&g with at leastan 80% probability over a
sufficiently long timehorizon (Clark and Hare 2006).Fluctuationsin sizeat-age and variable
recruitment regimes were included in the original analysis, and subsequent sensitivity analpdeis

was acknowledged that a fixed harvest rate policy combination with natural fluctuations in
recruitmentwould lead tosimilarfluctuations in the fisheryemovals (Hare and Clark 2002 addition,

the levels of bycatch and wastage occurring during the 1980s and 1990s contributed to the estimated
productivity of the stock, and therefore the target rate of exploitatiomthis way, an allowance for U32

(and later U26) mortality was built in to thariginalharvest rate targets.

In order to better understand what is being lost via U26 (and O26) mortality in the current approach,
there have been several previous IPHC analyses investigating the effectaiwhbyn the halibut stock

using metrics of fishery yield and lifetime spawning biomass contribution (Hare et al. 2012, Hare and
Williams 2013). These analyses were conducted separately from the annual stock assessment, using
equilibrium calculations baskeon relatively simple assumptions about growth and mortality. Results
indicated that there was a 1.0.14 pound loss of fishery yield per pounél bycatch (026 and U26
combined). For each pound of bycatch, the potential lifetime contribution to femade/simg biomass

was found to be somewhat larger than the fishery yield.

Correspondence from the IPHC to the Council and internal reports indicate that in the late 1980s and
SFNIe mMppna GKSNBE ¢Fa I O2yaARSNI oS SYURZNI a2 OR
with halibut bycatch, attempting talarify andunderstand the exchange rate between mortality of

different sizes of halibut.Yield equivalents for bycatch were estimated to be-1.@ pounds of fishery
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yield in the 1980s; however, relcalations based on spawning output led & poundfor-pound
deduction of032 bycatch from the TCEYough the 1990s.Thisreductionwas done for the coastwide
total, andtherefore distributed in proportion to theexploitable biomass (Hare and Clark, 2D0

Analyses condued in 2010 (Hare 2011) us&pawning Biomassep Recruit (SBR) as a measure of total
fishing intensity. The calculation of SBR in that analysis is consistent with 8RRalescribed in detail
below). Hare (2011) first found the SBR associated with the harvest policy at the time (20% and 15%
harvest ratesapplied to O32 removalsHe thensolved for the TCEY values that would result in the same
SBR if removals of 026 halibut wéneluded directly inhe TCEYIn this way, he applied an extended
definition of removals, but used SBR to maintain the same level of fishing intéftsityharvest ratefor

026 removalavere higher (21.5%)ut the sum of the TCEYs was slightly (0.84 Milb) lower, indicating
only a small divergence in thaologicalproperties of all the removals since the original simulations.
That analysis also calculated harvest rates that could be applied when all sizes of semeval
included in the TCEY, andncluded there was no bijical basis for arespecific deduction of these
removals given the highly migratory nature of juvenildithat. A second option was presented, which
distributed the U26 mortality in proportion to the exploitable biomass estimates by regulatory area.
This is consistent with the logic of assuming that the effects of U26 mortality are realized equally across
the 026 stock. The extended accounting for O26 halibut was adopted in 2011, and subsequent harvest
policy calculations have relied on the 21.5 and126% (15% scaled up by the same factor as 20% to
21.5%) rates. In aggregate, these changes brought a broadespgz&um of mortality into the annual
calculations, but retained a system of accounting that did not explicitly show U26 mortaligrnest
policytables and could not respond to future changes in U26 mortality.

Current IPHC harvest polidistributes thedirected Fishery Constant Exploitation Yield (FCEY) limits for
each regulatory area based on apportioned biomass estimates derived frormeysoatch rates, and
application of fixed harvest rates (21.5% in Areas32Aand 16.125% in Areas -8BDE) to those
estimates. The policy accounts famly O26 halibut removals from the directed and Aanget fisheries

in the calculation of exploitatiomates and yield. Changes in 026 bycatch therefore directly translate
into changes to directed fishery yields, as illustrated above, but changes in U26 mortality are not visited
directly on calculations of available yielthstead, the effects of changas U26 mortality do not factor

into the FCEY until those effects are realized throeiggntualchanges in 026 biomasko illustrate this

gap in the current policy, it is useful to consider the hypothetical scenario where the total pounds of
bycatch is ina@ased by a million pounds, but the size distribution of that bycatch is shifted, such that all

of the increase is realized on U26 halibut. It is clear that this would have an effect on the stock, as that
increase in pounds would correspond to a very langenber of fish. However, the application of the
current harvest policy would yield identical TCEYs and FCEYs, despite the large increase in the total
fishing intensity being applied to the stock. The converse would also occur: a million pound decrease in
the bycatch of U26 halibut would also result in no change to the TCEYs or FCEYs. These results occur
because the current harvest policy asssra static level of U26 mortality.

Recent annual harvest policy tables (e.g., Webster and Stewart 2014) hawechirilated in the
following manner: 1ppportionment providesan estimate othe stock distribution, 2)he target harvest
rates areapplied whichgeneratesa target distributionfor the O26 harvestegardless of the scale of
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those removalgTable 1).The distribution of potential catch limits can then be compared to the target
distribution. For example, thdinal adopted catch limits for 2014 resulted in TCEY's that exceeded the
apportionment target in Areas 2A, 2B, ,4id 4CDE, with theulgestdifference in 2B (Fig.)9The scale

of this relative distribution is then a function of the apportionment percentages applied to the
coastwide total exploitable biomass (a definition created witthe harvest policy reflecting a fixed

selectivity schedie somewhat like the fishery at the time of the simulation analygikg TCEY values

therefore reflect the combination of stock distribution and target harvest rates by regulatory area (Table

2). In order to find the Fishery Constant Exploitation Yif3EYs) for each regulatory area, all 026
G20KSNJ NBY2@Ifa¢ FNB &adzoidNI OGSR TNRYWSKE2GERDaADT
accounting for distribution and other sources of mortality.

To manage U26 mortality, harvest rates that accofantchanges in U26 removals must be dynarimic
order to maintain the same fishing intensity or protection for the spawning stieglending on annual
changes in all sources and sizes of removalgelevant metric to quantify all removals and their effect
on the stock is the Spawning Potential Ratio.

Spawning Potential Ratio

It is common practie to consider fishing intensiiy terms of fishing mortalitythe catch as a fraction of

the stockor asan instantaneous ratef mortality (per year/age) In boh casesthere must be a clearly
defined set of sizes or agescluded in the calculations. Where multiple fisheries are present, and
where these fisheries access differing size and age components of the #téagknot possible to
characterizea singlefishing mortality rate for all fisheries simultaneously. In these cases, a metric that
integrates the different fisherie@nd therefore the mortality on different sizes of fishyequired.

Spawning Potential Ratio (SPR; Goody&&3) is acommonly usednetric that summarize the fishing
intensity ofall fisheries accessing different parts of the same populati8fP.R has two componentk)

the equilibrium spawning biomas the absence of fishing and 2) the equilibrium spawning biomass
given some distbution of fishing mortality at size or age. Without fishing, the spawning biomass
produced by a fixed humber a@hcomingrecruits will be asimple function of individual growth, the
maturity schedule, and the rate of natural mortality. Fishjiungt adds an additional source afortality

at each age. éivever, some of the fish that would have died of natural causes are caught first, such
that natural and fishing mortality are not simply additie@mnual factors. The ratio of equilibrium
spawning biomas with fishing tahat without fishing is SPREPRcantherefore range from 1.0 as fishing
mortality approaches zero, to 0.0 as fishing mortality results in no fish surviving to reach magriRy.
calculations are frequently summarizédunits of oneminus SPR, such that inaseng fishing intensity
equates toalarger value, similar to traditional metrics of fishing mortality.

This metric integrates fishing intensity across multiple sources, where selectivity may differ and
traditional agerange depedent fishing mortality rate K) or harvest fraction calculations can be
misleading. Because the SPR metric includes all sources and sizes of mortality, it can be used to directly
compare potentiahalibutfishery yield associated with different levels ofdl and U26 bycatchnd can
therefore be used to define a harvest target for the stockhis conceptual extension to the current
harvest policy allows for quantification of the impacts of bycatch on the halibut stock via the yield
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estimates, rather tham terms ofadult equivalents oequilibrium spawning biomass unitSPR is also a
logical choice for defining fishing intensity fdanagement Strategy EvaluatioM$B where tradeoffs
among fisheries and sizenits within fisheries need to be directgvaluated in a common framework.

Extended accounting for U26 mortality

SPR can be used to define the level of tfisdling intensitythat is consistent with currenf2013)levels

of mortality. Thisconceptualapproachis identical to thatused inHare(2011), in orderto include O26
mortality into the target harvest ratesThe 2013 fishing intensityequates to a target SPR, which can
then be used to sethe scale ofall removalsunder differing distributions of those removals among
fisheries and sizesf tialibut The apportionmentresultsand relative harvest rate targets by regulatory
areastill define the distribution of the TCEBoth the target distribution of the TCE¥mong regulatory
areas and the assumption that the effeat$ U26 mortalityare distributedacross the entire stock
remain the same This means that if there were no changes in U26 mortality, the extended accounting
would produce theexactsame results as the curreatcountingapproach.

Two features of thigxtendedaccountingare important: 1)exploitable biomass is no longer necessary

or relevant, as halibut mortality of all sizes is included in the calculation of SPR and, 2) the order in which

the nonU26, 026 nofFCEYand FCE removals are calculated is no longer fixegec8ically,the FCEY

y2 f2y3ISNI NBLINBaSyilia 2yfte o6KIG Aa WESTi20SND FNRO
target and the relative distribution of CEY from apportionment and relative target harvest rates by
regulatory area can be achie¢ by solving for the fishery landings (and wastage) givenlevel of

bycatch, or by solving for the bycatch givemydevel of fishery landings (and wastage). Changes to

fishing practices that alter the projections of wastage for a given level ofrjidaadings can also be

included. There artherefore dual entry points pssible for management actions and tradifs among

fisheries can be directly evaluated.

Examples from the 2013 process

This analysisusesthe 2013 stock assessment models (StewaridaMartell 2014), apportionment
estimates, and current harvest policy calculations (Websted Stewart 2014) to investigate how
changes in U26 and O26 removals imptet annual TCEY and FCEY values. This isvibmgrect
comparison with the esults ofthe 2013 IPHC procedsarvest policycalculationsare repeatedunder
different projected levels of coastwide and BSAI bycatBor simplicity, this analysis fages on the
trade-offs between CEYs and bycatch. Howewebgnges inrwastage could be ieded in a similar
manner. e to the much smalleestimated magnitude of U26 wastagehe results would be very
similar.

It is important to note that this analysend annual calculations atesed on the actugR013)bycatch
mortality estimaes fromall nondirected fishing ireach regulatory area As described abovegcent
bycatch levelsn Alaskafor both trawl and fixeejear(except in the GOA)ave been well below the PSC
limits set by the NPFMC. Therefaiganging the®SQimits in particularfisheriesmay or may not affect
change inrealizedbycatch levels Pacific halibut bycatch in nearget fisheries in recent years has
represented a significant fraction of the total mortality of halibut due to fishing. In 2013, there was an
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estimated 7.9MlIb of halibut bycatch coastwide, which represented 17% of the 46 Mlb of total fishing
removals. The BSAI regulatory areas (4A, 4B, and 4CDE) contributed 5.2 Mlb, or 66% of the total.

This analysis starts from the results of apportionment and applicadiocurrent harvest policy which
generated the Blue Line FCEY values for 20abl¢ 3. This harvest policy table first extended to

show each of the individual components included in the TCEX well as all sizes of mortality by
regulatory area (Tabl3). Comprised predominantly of bycatch, the 2013 U26 mortality estimated

to be 2.92 Mlb, or 8% of the total 36.41 MIb removal order to illustate how changes in U26 and

026 mortality influence the TCEY and F@BNMeswere recalculated usingaastwide bycatch values

that are 40, 20, and 10% above and below the estimates from 2013. This calculation integrates the
changes in the distribution of halibut mortality among commercial, recreational, and subsistence
catches, as well as estimates of wagt, associated with differing quantities of directed fishery landings.

With a 40% increase in bycatch (3.2 Mib), toastwideFCEY decreases from the 2013 value of 24.5
Mib to 22.5 MIb(Fig. 10) A 40% decrease in bycatch similarly produces dih9ncrease in coastwide
FCEY Changes in bycatch of-20% show an intermediate effect, but the results by specific regulatory
area indicate that area 4CDE is the most sens(fiades 45). A 20% increase in bycatch results in the
FCEY for 4CDE droppimgnii 0.64 (at the Blue Line) to 0.2 Mlb, and a decrease of 20% results in an
increase in 4CDE to 1.0Tapks4-5). In Area 4CDE, for all values of estimated bycatch at least 30%
greater than 2013, the FCEY would be O for the current harvest policy. #easd 4B are much less
sensitive due to a much lower ratio of bycatch to directed fishery harvest.

For direct comparison, the same calculations are then repeated using the SPR target from the 2013 Blue
Line, therefore including all the change in remoyd&lsth O26 and U26/Nhen FCEYs are adjusted to
maintain the same SPR target, changes in bycatch result in changes to directed fishery yields that are
greater than jst the change in 026 mortality: this is duethe effects of the U26 removals (Fig. 10). |

this case, a 20% reduction in coastwide bycatch results in an FCEY of 26.0 Mlb-{)abtatpared to

the Blue Line value of 24.@hile the reduction that did not account for U26 removals resulted in an
FCEY of 25.4. These results are consistent wittvious analyses finding approximately a 1:1
relationship in total lost yield due to all sizes of bycatch.

The salient points of these comparisons are that the FCEY responds only to the change in O26 removals
under the current harvest policy, and the HZ does not respond to changes in coastwide bycatch,
despite potentially largechanges in total mortality (Table 8). By extending the accounting to maintain

the same level of fishing intensity, an increase in coastwide bycatch results in a decreasé&@CEttie

TCEY and total mortality (Table 8); the converse is true as well.

To investigate the BSAI areas specifically, where much of the coastwide bycatch toeusame
relative changes are applied only to bycatch estimates from BSAI .aréhasler the current harvest
policy calculationsthe results are idntical for the BSAI areas (Tab®40). There are no changes to
annual removals in Areas Z¥B, despite the change in productivity that would be expected from
immigration of some of thas U26 fish over their lifetime Applying the extendedcaounting fortotal
fishing intensitychanges in BSAI bycatcbrrespond tochangesn the FCEY and TCEY values across all
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regulatory areaqTables 1113). This is due to the distributed effects W26 mortality The current
assumptionis thatU26 effectsare distributed in proportion to the productivity of the stock as a whole
therefore dhanges in the TCEY among regulatory asgasnost pronounced for areas that have larger
apportioned biomass disnates. The largest change occurs in AB#g where the FCEY goes from 9.43

MIb at the Blue Line (and for a 20% reduction in the B$éatchwhen U26 mortality is not accounted

for) to 9.59 when the same SPR is maintained. The clear difference in ¢hksgations is that any
response to changes in bycatch in the FCEY, up or down, is of greater magnitude when all sizes of
mortality are accounted for. Ongoing research at the IPHC to evaluatknsitze discard mortality rates

in the directed fisheryand the interaction of bycatch with total fishing mortality is yielding very similar
results.

The results of the full range bfycatchchanges (+/40%, Figl0) showthat the current harvest policy is

much less segitive to changes inbycatch than the exiended accounting explicitly including26
mortality. The results have been presented in the context of the change in FCEY as a function of changes
in bycatch, consistent with recent harvest policy accounting. However, seme results can be
considered irthe opposite direction: How much would bycatch have to be reduced to achieve a given
change in the FCEY? 6% increase in FCEY is desired, the bycatch would need to be regiited
given the current harvest policy, di7% if all mortality is accountedor (Fig. 11) If the FCEY were
reduced to accommodate slightly more anticipated bycatch, a 4% reduction in the FCEY would allow a
20% increase in bycatch under the current harvest policy, but only a 12% increase if the U26 component
of bycatch mortalityis acounted for via a constant SPR (Fig. 11). These results include changes in the
ratios of commercial landings to wastage and recreational removals under the various CSPs, and
therefore represent the fully realized tradeoffs necessary to achieve isedieshange in the FCEY.

There are several results of this analysis that are particularly relevant to the BSAI regulatory areas.
Current (2013) halibut bycatch in the BSAI represents 66% of the coastwide total from -¢dirgein
fisheries. This also reggents a significant portion of the total mortality in BSAI areas, especially Area
4CDE. In Area 4CDE, based on 2013 estimates, application of the harvest policy would result in no
directed fishery yield if the estimated 026 bycatch were to increase lyaat 30%, the apportioned
exploitable biomass were to decrease by the same amount, or any combination of these two adding up

to at least 30%. When FCEYs are adjusted to maintain the same SPR target, changes in bycatch result in
changes to directed fishemjelds that are greater than just the change in 026 mortality, accounting also

for the effects of the U26 removals. This result is consistent with previous analyses finding
approximately a 1:1 relationship in total lost yield due to all sizes of bycatch.

In 2012, the IPHC adopted a revised process for providing annual catch advice. To clearly delineate
between risk assessment and management, the estimated risks associated with several alternative
harvest levels have been presented to the Commissiomerathan just the results of the application of

the current harvest policy. These results have been in the form of a decision table, including risk metrics
associated with stock trend, as well as harvest policy based metrics of stock status and figtuery st
Using the Blue Line results from 20T&le 1] as a direct comparison, the alternative distribution and
magnitude of removals for the analyses reported above can be evaluated directly in the current
decisionmaking framework. There is relativel{tlé change in risk associated with changesycatch
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(+/- 20%), and between thievo methods of accounting for that bycatch over the next three yeaable

12). This illustrates that the projections from the ensemble of assessment models are quite robust to
changes in fishery removals, despite the fact that these changes have very large implications for current
fisheries. Both the extended and current harvest @yl calculations suggest a very similar recent history

of exploitation: rates have been above target levels based on exploitable biomass (Fig. 12) and SPR (Fig.
13) targets over the last decade. Management actions have brought these rates downiabplyrecer

the last five years, and by either metric the 2014 adopted catch limits were the closest to the current
harvest policy in recent history.

Management

I AAET ¢ A£O01I 1T AAAIT Ganrhd prazes®1 OEA )o(#60

The easiestextension of current IPHC management is the explicit consideration ofidhesst policy
accounting system, and the results obtained in this report. The setting of annual catch limits has
historically used information from the decisidable, apportionmat, the current harvest policy and
target exploitation rates, as well as survey and fishery trends and stakeholder perspectiveSPHhe
based comparisons possible with this extension to the current harvest policy add another piece of
potentially valuablénformation tothe annual decisioimaking process. Perhaps most importantly, this
information allows the direct evaluation of trad#fs, by source and area, for all halibut removals.

These calculations could be added to current harvest policy calaugatio the shorterm, and they

could replace those calculations if the IPHC chose to adopt this extended accounting system, just as was
done in 2011, when O26 mortality was added to the annual calculations. Benefits of the extended
accounting include: ndurther need for the abstract and confusing concept of exploitable biomass,
consistency in the target fishing intensity despite future changes in removals among fisheries and/or
changes in the size structure of removals within fisher@eslear understandg of the direct tradeoffs
between all directed and nedirected removals, and these of SPRvhich provides a direct link to

future output from MSE analyses.

Management of wastage

Direct management of wastagassociated with the commercial fishetlealy falls under the purview of

the IPHC and its annual regulationgluch of the current wastage (compared to the derby fisheries of

the late 1980s and early 1990s, in Alaska) is a function of the 32 inch minimwuim#izélowever,
voluntary or regulatoy reductions in this wastage may be possible without changes to that size limit.
Fshermen may be able to avoid areas with high proportions ofleghl fish, adjust hoekand baitsizes

to target larger halibutand modify the timing of trips to correspdnto periods when larger fish are
relatively more available on the same fishing grounflsese changes in fishing behavior will require
LRAAGADBS AyOSyiliAao@Sasz Ay O2yiaN)r ad G2 Odz2NNByd LINI
estimation of wasage (via the setline survey sidgal catch ratespplied to the directed commercial
landingg provides no incentive for changes in wastafighermen opting to reduce wastage at their own
expense irfishing efficiency(e.g.,fuel to move among grounds @ltering theircatch rates) are faced

with FCEYs the following year that are just as high as if they had not made any reductions to wastage.
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The only way to reverse this situation is to create a system of improved monitoring, such that the fishery
itself can see and respond to changes in actual, and not estimated, wasfHgis. type of system is
currently in place in Area 2B, where logbook records of wastage (validated with electronic monitoring)
are used by the IPHC to estimate wastage directly. Thasthat fleetwide changes in behavior will
result in larger FCEYs in the future.

All areas currently lack vesssdecific accounting systems for wastadehé accounting for wastage was
conducted at an individual vessel level (e.g., wastage shargwits associated with pounds of quota),
then positive incentives could operate at the vessel level in addition to the fleet |&et. would mean
that each individual would benefit from reduced wastage directly in their own qgatanuch stronger
incentive than at the fleetevel. This would only be possible with 100fenitoring of all fishing activity
to ensure accurate estimates of wastage.

A second avenue for reducing commercial wastage would be to decreasedliwed DMR The IPHC
alreadymandatesthe careful release of all stlbgal halibut. However, as with wastage, the current
static assumption that 16% of all discarded halibut subsequentlgals notcreate a incentive to tale
additional time during each release &ttempt to improve this rate; there is no feedback to subsequent
estimates. Specifically, if DMRs were based on an observed distribution of injury rates, and/or release
methods, then improvements in handling practices would translate into positive changbe future

FCEYs. This too would require extensive monitoring to provide accurate estimates of release categories.

Changes to the current 32 inch minimum size liraitd or slot or maximum size limigould all likely
result in changes to the magnile and size structure afastage Specifically, reduction in the minimum
size limit, allowing retention of halibut smaller than 32 inchesuld likely lead to less wastage overall
but might also allowthe fisheryto target relativelymore smaller fishwhich could offset some or all of
any potentialcatch limitreduction Changes to siziimits would also have very strong implications for
the performance of the current harvest policyn order to understandvhether such changes would be
beneficial toachieving fishery objectives, it would be necessary to fully evaluai® itih the context of
harvest policy, and preferabl/full MSE aalysis. This effort is currentiyjnderwayat the IPHC.

Bycatch control and reduction z collaboration among agencies

The Commission has no direct regulatanthority over the amount of halibut taken as bycatch or in the
monitoring and estimation of bycatch. The Commisgiwgrefore relies on U.S. and Canadian agencies
for the necessary bycatdhformation and management

Bycatch is part of a national focus for the U.S. and Canada, based on specific requirements in federal
legislation or policy. In the U.S., the Magnusttevens Act (NMFS 2007) is the primary law for federal
fisheries management. The MSA contains natiagtahdards for fishery conservation and management.
National Standard 9 specifically addresses bycatch reduction, stating:

KIFEffz G2
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In addition, theNPFMC and PFM@ve adopted regulations to manage halibut bycatch, including the
RSaAAIYlIGA2Y 2F KIFfAodzi & | Gt NPKAOAGSR {LISOASAEE
restrigions include bycatch limits on the amount of halibut which can be taken by the groundfish
fisheries (NPFMC 2010, 2012).

In April 2013, Canada adopted a Policy on Managing Bycatch as part of its Sustainable Fisheries
Framework. The policy is national aridlapplies to all commercial, recreational, and Aboriginal fisheries
licensed and/or managed by DFO under the FisheriesThet.policy has two objectives: &) ensure

that Canadian fisheries are managed in a manner that supports the sustainable haywafstaguatic

species and that minimizes the risk of fisheries causing serious or irreversible harm to bycatch species;
and?2) to account for total catch, including retained and n@tained bycatch.

Similar philosophies exist within these national policisth direct that the capture of bycatch species

shall be minimizedo the extent practicableThis implies that bycatch should be reduced to the point

where it balances with other competing objectives. Both policies also contain language which addresses
GKS aiGlrddza 2F GKS 080l GOK aLSOASa F2tft2gAy3a NBESI
for survival should be maximized, whereas MSA National Standard 9 states that mortality should be
minimized.

Since 1991, a succession of Commisteonwork groups have been established to investigate various
aspects of bycatch, including reviewing domestic bycatch management programs, identification of
fisheries contributing to bycatch, optimal levels of bycatch, and options for reductions. Thigifiasive
occurred in 1991, when the Commission established a Halibut Bycatch Work Group (HBWG |) to review
the adequacy of management measures implemented by each country to control and reduce bycatch,
examine potential measures to achieve reductionbyoatch, identify target levels of reduction, and to
develop recommendations for additional Commission action (Salveson et al. 1992). The principal
recommendations included the inclusion of all groundfish fisheries off Alaska into the bycatch limit
managenent program, development of monitoring and estimation of bycatch off Washington and
Oregon, a recommendation for a program to reduce bycatch limits off Alaska by a minimum of 10
percent per year, an expansion of the observer program off Canada to coberttalin trawl fisheries,

and that research should be conducted on the viability of treaight halibut.

The Halibut Bycatch Work Group wasesgablished in 2010 (HBWG 1I) to review progress on reduction
of halibut bycatch mortality, bycatch managemenbgrams, and to examine how best to incorporate
halibut bycatch mortality into halibut assessment and management. Although the latter objective was
subsequently dropped, the HBWG Il compiled a comprehensive report on successful bycatch
management programs na identified areas for improvement, accompanied by recommendations
(Karim et al. 2012).

As a follow up, at the January 2012 IPHC Annual Meeting, the IPHC therefore approved a commissioner
led initiative focused on a better understanding of the implioas of current levels of halibut bycatch

2 http://www.dfompo.gc.ca/frigp/pechedisheries/fishirenpeche/indeseng.htm
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and to explore possible actions to address these concerns. The Comndisg&apel and approved the
following specific objectives:

- To gain a better understanding of the amount of halibut bycatch occurring in eaghatory
area,;

- To gain a better understanding of the impact of bycatch on the conservation and allocation of
the halibut resource and on the available harvest;

- To explore options for reducing the overall level of halibut bycatch; and

- To explore options fomitigating the impact of bycatch in one regulatory area on the available
harvest in other regulatory areas.

The HBWG Il is reporting on progress to the Commission in 20bd.report explores options for
reducing the overall level of halibut bycatch in groundfish fisheries, and for mitigating the impacts of
bycatch in one area on the available harvest in other arddse Commission will consider this report at

its 2015 AnnuaMeeting and develop an action plan for implementation of any adopted measures.

Independently of the HBWG II, the NPFMC initiated a review of PSC limits in the BSAI regié in 201
(NMFS 2012) At its June 2014 meeting the Councilgetsa multipart motionto analyz reductions of

these limits from 1E85%, individually by sector. A mudiiency work group, in which IPHC staff is
participating, is developing an analysis of the benefits and costs of these options, for initial consideration
by the Council ifrebuary 2015.

The IPHC has the opportunity to move forward with coordinated management of bycatch-imafibuat
fisheries. This effort must entail evaluating what aspects of current and potential monitoring can
provide positive incentives for the reduah in halibut mortality without unduly reducing the efficiency

of those fisheries. Positive incentives for bycatch reduction, like wastage, can occur at theidieet
level, or more effectively at the vesdelel, where the benefits of bycatch reduatiare conserved
within the fishing operation itself via longer seasons, more quota for target spemiesimply the
avoidance of individual bycatch limit¥esselevel incentives will require comprehensive monitoring of

all fishing activities, in ordeto accurately estimate the absolute magnitude of bycatch. Given the
financial and logistical constraints of many relevant fisheries, new approaches to estimation may be
needed, approaches that require less direct measurement in favor of rimsld estimeors that can

be periodically validated These may include video monitoring of release methods, which are then
linked to injury rates (or condition codes) and therefore DMRs, rather than direct enumeration of
injury/condition via human observers onboarassels. An important aspect of positive incentive
structures seen in other fisheries is a focus on the goal (reducing bycatch), rather than the means
(enforced changes in gear, areas or other methodological mandates): this aowesters to use their
considerable creativityo find the most efficient means to success.
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Uncertainty and future research

There are several very important sources of uncertainty in this analysis: some of these sources are
inherent to the biology and management of Pacific halibnd are not easily addressed, while others
could be substantially reduced through additional data collection and analysis.

The current harvest policy (and any extension to explicitly include all sizes of halibut mortality) makes
the implicit assumptia that the effects of U26 mortality are distributed across the entire stock, in
proportion to the total productivity. If juveniles in some areas are less likely to disperse to other areas,
or if these patterns change over time with environmental condsioar stock abundance, this
assumption may not be a good one. Neither the directed fishery, nor the setline survey provides clear
information on juvenile abundance distribution. Some information can be inferred from N¥&EBFO

trawl survey observationgyycatch rates in notarget fisheries, and encounter rates in the directed
fisheries; however, all of these are subject to incomplete spatial coverage as well as many other
uncertainties. The design of a targeted survey of juvenile halibut abundanceistridudion is likely to

be both technically unfeasiblend prohibitively expensive. An extensive tagging effort could provide a
WaValKla G Q 2F YAINIGAZ2Y NridSa o0¢6KAOK YAIKG Ftft26
recruitment), but these rates Ity to vary with stock density, environmental conditions, and other
unknown factors. Again, costs would likely be prohibitive due toldange number of tag releases
required to compensate for low recovery rates caused by ¢kended time between taggingnd
recovery by the commercial fishery

Juvenile natural mortality rates are highly uncertain, but are important to any evaluation of removals to
population trend and productivity. The area of greatest uncertainty is for@oaulit juveniles and may

be highestfor sizes of fish that are well below those first encountered by any survey gear. For this
analysis, several alternative comparisons were made assuming juvenile natural mortality rates were 1.5
and 2 times the rates estimated for adults. The tig&achange in SPR was found to be similar across
alternatives, but the relative importance of fishing mortality was slightly less with increased juvenile
natural mortality. Natural mortality rates are notoriously difficult to estimate, even for -well
samped/observed age ranges for higkdyudied species, and there are few avenues for experimental or
data-collection based efforts to improve our understanding of juvenile halibut mortality. Indeed, the
two-year releases of Passive Integrated Transponddi) (BYs in the most recent tagging program were
designed to directly estimate natural mortalityut produced a fairly broad and uninformative estimate,
which included the currently usadhlues

The current distribution of the stock is estimated via apfmrnent. This analysis utilizes the catch

rates of legakized halibut observed in the setline survey. It is uncertain how inaccuracies in
apportionment would affect longerm stock dynamics. They may be both direct effects through the

annual distribution of removals, as well as indirect effects via their influence on weighting of area

specific indices for use in the stock assessment and therefore estimates of stock size and trend. Over

the next five years, planned survey expansions (Websteal. 2014) will allow the use of improved

(more direct) estimators of stock abundance in deep waters (>275 fa), shallow waters (<20 fa) and for

3 LA Ay GKS OdaNNByld adlriadAaz2y IANARO CdZNIIKSNE OF f A
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datasets (eg., the NMFS Bering Sea Trawl survey) will benedyzed. Determining whether there are
sufficient removals of 026 and U32 halibut to warrant using the survey -tatelof U26 halibut as the

basis for apportionment of these fish is a topic for furthevestigation as harvest policy analysis
continues.

The stock assessment and application of the harvest policy relies on accurate and precise estimation of
the removals from all fishing sectors, including the directed fishery, recreational, and subsistence
harvests, as well as discards from these fisheries and bycatch. There is a substantial amount of
uncertainty in the current treatment of bycatch due to: the estimation framework (data collection), the
summary of the estimates (data processirtge DMRs pplied to these summariesind the forecasting

of bycatch and its biological properties from one year to the next.

The first of these relates to the current North Pacific Observer Program. While some fisheries in the
BSAI region have observer coveragd@0% of fishing trips, other fisheries have much lower coverage
(particularly in the GOA) or no coverage at all (small vessels). In these cases, observer data may not be
representative of all fishing activity (observed and unobserved) and therefore tiseno way to be

certain that the estimates are unbiased, regardless of the statistical ddsideed, evidencéndicates

that the existing estimates are biased by harvester behavidan¢it and Allard 2009 Faunce and
Barbeaux 20101 This situation caronly be fully ameliorated via some type of monitoring (direct
observer or electronic) on all fishing activity.

In addition to the magnitude of bycatch, the sidistribution (particularly the fraction U26) of these
removals is important for harvest poli accounting. Currently, estimates of the total bycatch are
obtained by the IPHC from the catch accounting system. There is uncertainty in assigning these
summarized estimates to specific regulatory areas due to the imperfect alignment of IPHOVESI
statistical reporting areas. This means that not all bycatch may be attributed to the correct regulatory
area in each year. Additionally, the size information collected by the observer program is transmitted to
the IPHC in an unprocessed form, which adavwo easy method for weighting among fishing sectors
within IPHC regulatory areas. Expansion of the raw length distributions is necessary to reflect differences
in sampling rates among fisheries in each of the regulatory areas, and among vessels wigmtdiffe
levels of observer coverage. This would require a substantial amount of integration between the
observer data and catch accounting system. For this reason, bycatch length frequencies have not been
updated annually for all Alaskan regulatory areasta®iing accurate size age, and sexspecific
estimates of the removals of halibut from all sectors via improved observation and reporting to the IPHC
may be the most tractable avenue for improving our understanding of the role of bycatch in current
stocktrends and productivity.

The stock assessment and harvest policy calculations rely on an aggregate bycatch selectivity
assumption. However, the size distribution of bycatch varies among regulatory areas, among fisheries
and even annually within fisherieg response to many extrinsic and intrinsic factors. Further, many of
the tools proposed for bycatch reduction could have large effects on the potentiatiisizdoution of

future bycatch mortality through direct effects, or changes in the discard alitytestimates by fish

size. These changes are difficult or impossible to predict, and therefore current practice is to use the
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values from the previous year for all calculations. This approach could introduce lags in response if clear
trends occur. Thesensitivity to some of these factors was investigated as part of this analysis: the
proportions of young and old fish in the currently assumed curve were adjusted by 20% up and down
and the results recalculated. This produced only modest changes in, Rightly smaller than those
produced from a 10% change in the total magnitude of bycatch (~0.5 MIb). These changes also
illustrated the expected relationship between the sitistribution of the bycatch and the lorgrm
implications for the stock produivity: if mortality is higher on small fish for the same total pounds
removed (greater numbers), the harvest of larger fish would have to be reduced to offset the greater
lifetime contribution of these fish that have yet to mature. More direct estimatibtycatch selectivity

would require appropriately expanded and weighted lenffftgquency observations not currently
available and would likely have to be carried out with a more spatially disaggregated assessment
approach.

In addition to bycatch, wastage the directed commercial fishery is currently estimated indirectly, via
catchN} 1Sa 2F | on KIFIfAodzi 204aSNBSR 2y (GKS Ltl/ Qa
discard mortality rates. The exception to this is Area 2B, where the numiéBhalibut discarded is
taken directly from fishery logbooks. In this case, the average individual fish weight from the survey is
used to convert the numbers of fish discarded into pounds of mortalityese direct estimates do
compare well with the indect estimates calculated in the traditional manner by the IPKA@alysis of
potential management actions that would influence wastage realized in the fishery (such as a change in
the sizelimit, regulated hoolksizes, or timearea closures) requires acate estimates of that wastage.
Current observer coverage in the Alaskan directed halibut fishery is very low, and therefore estimates of
wastage are of unknown accuracy; however, improved monitoring via increased observer coverage
and/or electronic monitoing offer potential for improvement in these estimates. In Area 2A, there is
currently no atsea monitoring of the directed halibut fishery. With increased monitoring, it may also be
possible to improve discard mortality rates (currently assumed to@$% for IFQ fisheries and 25% for

2A) through direct evaluation of hooking injuries, as is done fortaoget hookandline fisheries in
Alaska.

In all areas, the DMRs for both wastage and bycatch are an important source of uncertainty due to the
relatively large quantity of halibut that are handled and released each year. Specifically, small changes
in the realized DMR may correspond to large changes in mortality. Although there is no current evidence
that the DMRs being currently applied are biased, ofsdirect annual observations would be required

to track any changes in fishery behavior and handling. This is only possible for fully monitored fisheries.

Summary

Although theextendedaccountingdeveloped in this analysis a logical extension of ¢hcurrent harvest
policy, it is not a reanalysis of the policy itself. Given changes in fishery selectivityatsage, and
other biological and anthropogenic factors, thememairs a distinct need to revaluate the current
harvest policy and determe whether it meets the current management objectives. This type of
analysis igart of the MSE process. Development @MSE at the IPHC has the potential to identify
alternative management procedures that may be robust to many of the uncertainties bleddniere,
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and serve as a vehicle to explore hypotheses regarding recruitment distribution, juvenile and adult
migration, density dependence, spatial and temporal growth variability, and a multitude of other
factors. The process is ongoing, as is the agmént of more spatially disaggregated assessment
analyses that can also be used for future work on these topics.

SPRbased accounting provides a specific total mortality target for the entire halibut stock, consistent
with the current harvest policy. Thiensures the same level of protection for the stock in the future,
despite changes in the relative magnitudes of target and-tawget fisheries and changes within the
fisheries themselves. Arespecific U26 mortality targets could be established by tREIG however,

current understanding of juvenile distribution and migration does not supporagmortionmentbased
approach that directly prescribes the levels of U26 removals in specific regulatory areas, as is the case
for O26 mortality. Even if the digibution and migration rates for juvenile halibut were known perfectly,

the mechanism for distributing this mortality would be completely conditional on fishery objectives
rather than biological dynamicslowever, the effects of U26 mortality can now hieedtly evaluated in

all regulatory areas, without waiting years for those effects to become obvious.

The extended accounting, using SPR in the context of the current harvest policy, provides additional
information for the annual process of setting catahits. Accounting for halibut removals of all sizes
represents a conceptual extension of the current harvest policy, but not a change in the implicit logic of

the approach. This analysis does broaden the scope of the policy, providing an analogritottdity

which avoids future changes in realized fishing intensityther, it allows for the explicit evaluation of
trade-offs between removals of halibut associated with different fisheries and potential changes in the

size structure of these remowain response to management action8ll sources of mortality are now

w2y GKS GlFofSQ T2 N OZyisaraRSsithéraf@esenie os the KaSis fér binéd  dzy A
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pounds of halibut removals and potential dollars earned via those removals or the removals of target
species other than halibutThisapproachshould serve to elevate the discussion regarding such trade

offs; however,it does not presuppose any changes to current management biJt8e Councils, DF@,

the IPHC.

Finally, the staff would like to thank the Commissioners for the opportunity to explore this topic in
detail. A large amount of historical and recent analiisis addressed the harvest policy and specifically
the treatment and management of various sources of mortality. The request from the 2014 Annual
meeting has allowed us to perform a comprehensive review of the information available, the gaps in our
currernt understanding of important processes, and the promising paths for future progress. The context
provided here will be helpful as the Commission moves forward atiual decision making as well as
ongoinglongterm harvest policy and management strategyaiation
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Tables
Table 1 2013 IPHC setline survey legake biomassdistribution (apportionment), aea-specific
harvest rate targets based on the current harvest policy, and the resulting taff@e \distribution.

2A 2B 2C 3A 3B 4A 4B 4CDE Total
Apportionment 24% 15.6% 14.9% 32.9% 13.6% 5.7% 4.2% 10.6% 100.0%
HR targets 21.5% 21.5% 21.5% 21.5% 16.1% 16.1% 16.1% 16.1% 19.7%
TargetTCEY Dist. 26% 17.1% 16.3% 36.0% 11.1% 4.7% 3.5% 8.7% 100.0%

Table 2. Aportionment and harvest policytable from 2013based on the Blue Line (currefPHC
harvest policy). All biomass values are reported in millions of net pounds (From: Webster and Stewart
2014).

2A 2B 2C 3A 3B 4A 4B 4CDE Total
Exploitable bio.  4.03 26.64 25.44 56.07 23.14 9.69 7.23 18.06 170.29
Percentof total 2.4% 15.6% 14.9% 32.9% 13.6% 57% 4.2% 10.6% 100.0%
Harvestratq%) 21.5% 21.5% 21.5% 21.5% 16.1% 16.1% 16.1% 16.1% 19.7%
Total CEY 0.87 5.73 547 1205 3.73 1.56 1.17 291 33.49
Other removals  0.14 0.74 131 2.63 0.90 0.71 0.34 2.27 9.04
Fishery CEY 0.72 4.98 4.16 9.43 2.84 0.85 0.82 0.64 24.45

Table 3 Projected 2014 removal@millions net pounds)based on theBlue Line (currentPHCharvest
policy) from 2013.

2A 2B 2C 3A 3B 4A 4B 4CDE Total

u26

Wastage 0.00 001 001 002 004 000 0.00 o0.00 0.08
Bycatch 0.01 004 000 051 026 047 0.13 142 2.83
TotalU26 0.01 004 001 052 030 048 014 142 2.92
026 NorFCEY

Wastage 0.02 0.14 NA NA 024 005 0.02 0.02 0.49
Bycatch 0.12 019 001 093 062 063 032 223 5.05
Non-CSP Sport NA NA 090 144 0.02 0.03 0.00 0.00 2.39
Pers./Subs NA 041 040 025 0.02 0.01 0.00 0.03 1.11
Total NorFCEY 014 074 131 263 090 0.71 034 227 9.05
O26FCEY

Wastage NA NA 0.08 0.33 NA NA NA NA 0.41
CSP Sport 031 061 0.76 1.78 NA NA NA NA 3.47
Pers./Subs. 0.03 NA NA NA NA NA NA NA 0.03
Fishery Landings 038 437 332 732 284 085 082 064 2054
Total FCEY 072 498 416 943 284 085 0.82 0.64 2445
TCEY 0.87 572 547 1205 373 156 117 291 3349
Total Mortality 0.87 5.77 548 1258 4.04 204 130 433 3641
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Table 4 Projected 2014 removals(millions net pounds)basedthe Blue Line anda 20% inoease in
coastwide bycatch.

2A 2B 2C 3A 3B 4A 4B 4CDE Total

u26

Wastage 0.00 0.01 001 0.02 004 0.00 0.00 0.00 0.08
Bycatch 0.01 004 o000 061 031 057 016 170 3.40
TotalU26 0.01 005 001 063 035 057 016 170 3.48
026 NoRFCEY

Wastage 0.02 0.14 NA NA 0.23 0.04 0.02 0.01 0.46
Bycatch 0.14 023 001 112 074 076 038 2.68 6.06
Non-CSP Sport NA NA 0.90 144 0.02 0.03 0.00 0.00 2.39
Pers./Subs NA 041 040 025 0.02 0.01 0.00 0.03 1.11
Total NorFCEY 0.16 0.vy8 131 281 101 083 041 271 10.02
026 FCEY

Wastage NA NA 0.08 0.32 NA NA NA NA 0.40
CSP Sport 0.31 061 076 1.75 NA NA NA NA 3.42
Pers./Subs. 0.03 NA NA NA NA NA NA NA 0.03
Fishery Landings 037 434 332 7.17 272 073 076 0.20 19.61
Total FCEY 0.71 495 416 924 272 073 0.76 0.20 23.46
TCEY 0.87 572 547 1205 373 156 117 2091 33.49
Total Mortality 0.88 577 548 1268 4.08 213 133 461 36.97

Table 5 Projected2014 removals (millions net poundd)asedthe Blue Line andh 20%reduction in
coastwide bycatch.

2A 2B 2C 3A 3B 4A 4B 4CDE Total

u26

Wastage 0.00 001 001 002 004 000 000 0.00 0.09
Bycatch 0.00 0.03 000 040 021 038 011 113 227
TotalU26 0.00 0.03 001 042 025 038 011 114 235
026 NorFCEY

Wastage 0.02 0.15 NA NA 025 005 0.02 0.03 053
Bycatch 0.10 015 001 074 050 050 026 178 4.04
Non-CSP Sport NA NA 090 144 002 003 0.00 0.00 2.39
Pers./Subs NA 041 040 025 002 001 000 0.03 1.11
Total NorFCEY 0.12 070 131 244 078 059 028 184 8.07
026 FCEY

Wastage NA NA 0.08 0.33 NA NA NA NA 0.41
CSP Sport 032 062 076 182 NA NA NA NA 3.52
Pers./Subs. 0.03 NA NA NA NA NA NA NA 0.03
Fishery Landings 039 440 332 747 295 097 088 107 2145
Total FCEY 0.75 502 416 961 295 097 0.88 1.07 2542
TCEY 0.87 572 547 1206 373 156 116 291 33.49
Total Mortality 0.87 576 548 1248 398 195 127 4.05 3584
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Table 6 Projected2014 removals (millions net poundd)asedthe Blue Line anda 20%increase in
coastwide bycatclaccounting foru26mortality by maintaining the same fishing intensity (SPR)

2A 2B 2C 3A 3B 4A 4B 4CDE Total

u26

Wastage 0.00 0.01 001 0.02 004 0.00 0.00 0.00 0.08
Bycatch 0.01 004 o000 061 031 057 016 170 3.40
TotalU26 0.01 005 001 062 035 057 016 170 3.48
026 NoRFCEY

Wastage 0.02 0.14 NA NA 0.22 0.04 0.02 0.00 0.45
Bycatch 0.14 023 001 112 074 076 038 2.68 6.06
Non-CSP Sport NA NA 0.90 144 0.02 0.03 0.00 0.00 2.39
Pers./Subs NA 041 040 025 0.02 0.01 0.00 0.03 1.11
Total NorFCEY 0.16 0.v7 131 281 100 083 041 271 10.01
026 FCEY

Wastage NA NA 0.08 031 NA NA NA NA 0.39
CSP Sport 0.30 059 074 170 NA NA NA NA 3.33
Pers./Subs. 0.03 NA NA NA NA NA NA NA 0.03
Fishery Landings 0.36 424 323 699 265 070 0.74 0.5 19.06
Total FCEY 0.69 483 405 900 265 070 0.74 0.15 22.82
TCEY 0.85 561 536 11.82 365 153 115 2.86 32.83
Total Mortality 0.86 566 537 1244 401 210 131 456 36.30

Table 7 Projected2014 removals (millions net poundd)asedthe Blue Line andh 20%reduction in
coastwide bycatchaccounting forU26mortality by maintaining the same fishing intensity (SPR)

2A 2B 2C 3A 3B 4A 4B 4CDE Total

u26

Wastage 0.00 0.01 001 0.02 0.04 000 0.00 0.00 0.09
Bycatch 0.00 0.03 000 040 022 038 011 113 227
TotalU26 0.00 0.03 001 042 025 038 011 114 236
026 NoRFCEY

Wastage 0.02 0.15 NA NA 025 0.06 0.02 0.03 0.54
Bycatch 0.10 015 0.01 074 050 050 026 178 4.04
NonCSP Sport NA NA 090 144 0.02 003 000 0.00 239
Pers./Subs NA 041 040 025 002 001 000 0.03 111
Total NonFCEY 0.12 071 131 244 079 059 028 184 8.08
026 FCEY

Wastage NA NA 0.08 0.34 NA NA NA NA 0.42
CSP Sport 0.33 0.63 0.78 186 NA NA NA NA 3.60
Pers./Subs. 0.03 NA NA NA NA NA NA NA 0.03
Fishery Landings 040 449 340 7.63 301 100 090 112 21.96
Total FCEY 0.77 513 426 983 301 100 090 1.12 26.01
TCEY 0.89 583 557 1227 380 159 1.18 296 34.09
Total Mortality 0.89 586 558 1269 405 198 129 410 36.45

32



Table 8 Comparison of coastwide projected014 removals (millions net pound$jasedthe Blue Line,
alternate levels of bycatch, and current vs. extended accounting via SRiRyet TCEY distribution,
based on apportionment, is maintained in all projectisr(Detailed results in Tables3.

Total
026
Total Non Total Total Total

Alternative U26 FCEY FCEY TCEY Mortality
Blue Line 292 9.05 2445 3349 3641
Currentaccounting
Bycatch (+20%) 3.48 10.02 23.46 33.49 36.97
Bycatch {20%) 235 8.07 2542 3349 3584
Extended accounting
Bycatch (+20%) 3.48 10.01 22.82 3283 36.30
Bycatch {20%) 236 8.08 26.01 34.09 36.45
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Table 9 Projected 2014 removals (millions net poundd)asedthe Blue Line anda 20%increase in
bycatch in Areas 4A, 4B, 4CDE.

2A 2B 2C 3A 3B 4A 4B 4CDE Total

u26

Wastage 0.00 0.01 001 0.02 004 0.00 0.00 0.00 0.08
Bycatch 0.01 004 o000 051 026 057 016 170 3.24
TotalU26 0.01 004 001 052 030 057 016 170 3.32
026 NoRFCEY

Wastage 0.02 0.14 NA NA 0.24 0.04 0.02 0.01 0.47
Bycatch 0.12 0.19 0.01 093 062 076 038 2.68 5.69
Non-CSP Sport NA NA 0.90 144 0.02 0.03 0.00 0.00 2.39
Pers./Subs NA 041 040 025 0.02 0.01 0.00 0.03 1.11
Total NorFCEY 0.14 074 131 263 090 083 041 271 9.66
026 FCEY

Wastage NA NA 0.08 0.33 NA NA NA NA 0.41
CSP Sport 0.31 061 076 1.78 NA NA NA NA 3.47
Pers./Subs. 0.03 NA NA NA NA NA NA NA 0.03
Fishery Landings 0.38 437 332 733 284 073 076 0.20 19.92
Total FCEY 0.72 498 416 943 284 073 0.76 0.20 23.83
TCEY 0.87 572 547 1206 373 156 1.17 2091 33.49
Total Mortality 0.87 576 548 1259 404 213 133 461 36.80

Table 10 Projected2014 removals (millions net pound$jasedthe Blue Line andh 20%reduction in
bycatch in Areas 4A, 4B, 4CDE.

2A 2B 2C 3A 3B 4A 4B 4CDE Total

u26

Wastage 0.00 001 001 002 004 000 000 0.00 o0.08
Bycatch 0.01 004 000 051 026 038 011 113 243
TotalU26 0.01 004 001 052 030 038 011 114 251
026 NorFCEY

Wastage 0.02 0.14 NA NA 024 005 0.02 0.03 0.52
Bycatch 0.12 019 001 093 062 050 026 178 441
Non-CSP Sport NA NA 090 144 002 003 0.00 0.00 2.39
Pers./Subs NA 041 040 025 002 001 000 0.03 1.11
Total NorFCEY 014 074 131 263 090 059 028 184 843
026 FCEY

Wastage NA NA 0.08 0.33 NA NA NA NA 0.41
CSP Sport 031 061 076 178 NA NA NA NA 3.47
Pers./Subs. 0.03 NA NA NA NA NA NA NA 0.03
Fishery Landings 038 437 332 733 284 097 088 107 21.15
Total FCEY 0.72 498 416 943 284 097 0.88 1.07 25.06
TCEY 0.87 572 547 1206 373 156 116 291 33.49
Total Mortality 0.87 576 548 1259 404 195 127 4.05 36.00
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Table 11 Projected2014 removals (millions net poundd)asedthe Blue Line anch 20%increase in
bycatch in Areas 4A, 4B, 4CR&counting forU26 mortality by maintaining the same fishing intensity
(SPR)

2A 2B 2C 3A 3B 4A 4B 4CDE Total

u26

Wastage 0.00 0.01 001 002 004 000 0.00 0.00 0.08
Bycatch 0.01 0.04 000 051 026 057 016 170 324
TotalU26 001 004 001 052 030 057 016 170 3.32
026 NorFCEY

Wastage 0.02 0.14 NA NA 0.24 0.04 0.02 0.00 0.46
Bycatch 0.12 019 001 093 062 076 038 268 5.69
NonCSP Sport NA NA 090 144 002 003 0.00 0.00 2.39
Pers./Subs NA 041 040 025 002 001 o000 003 111
Total NonFCEY 0.14 074 131 263 089 083 041 271 9.65
026 FCEY

Wastage NA NA 0.08 0.32 NA NA NA NA 0.40
CSP Sport 0.31 0.60 0.75 175 NA NA NA NA 3.41
Pers./Subs. 0.03 NA NA NA NA NA NA NA 0.03
Fishery Landings 037 431 326 720 279 071 075 016 1955
Total FCEY 0.71 492 409 927 279 071 075 0.16 23.40
TCEY 085 565 540 1190 368 154 1.16 2.87 33.05
Total Mortality 086 569 541 1242 398 211 132 457 36.36
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Table 12 Projected2014 removals (millions net pound$jasedthe Blue Line andh 20%reduction in
bycatch in Areas 4A, 4B, 4CR&counting forU26 mortality by maintaining the same fishing intensity
(SPR)

2A 2B 2C 3A 3B 4A 4B 4CDE Total

u26

Wastage 0.00 0.01 001 002 0.04 000 0.00 0.00 0.09
Bycatch 0.01 0.04 000 051 026 038 011 113 243
TotalU26 001 0.04 001 053 030 038 011 114 252
026 NorFCEY

Wastage 0.02 0.15 NA NA 024 0.06 0.02 0.03 052
Bycatch 0.12 019 001 093 062 050 026 178 441
NonCSP Sport NA NA 090 144 002 003 0.00 0.00 2.39
Pers./Subs NA 041 040 025 002 001 o000 003 111
Total NonFCEY 0.14 074 131 263 090 059 028 184 844
026 FCEY

Wastage NA NA 0.08 0.33 NA NA NA NA 0.41
CSP Sport 0.32 0.62 0.78 181 NA NA NA NA 3.53
Pers./Subs. 0.03 NA NA NA NA NA NA NA 0.03
Fishery Landings 039 444 338 745 288 099 090 111 2153
Total FCEY 0.73 506 424 959 288 099 090 1.11 2550
TCEY 0.88 580 555 1222 378 158 1.18 295 33.94
Total Mortality 088 584 556 1274 408 197 129 4.09 36.46
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Table 13 Comparison of coastwidgrojected 2014 removals (millions net poundd)asedthe Blue
Line, alternate levels of bycatch ithe BSAIl Areas 4A, 4B, 4CREaNd current vs. extended accounting
via SPR. Target TCEY distribution, based on apportionment, is maintained in all proje¢baailed

results in Tables 3,-23).

Total Total

026 026

Non- Non Total Total Total  Total
Alternative Total FCEY Ecgy FCEY FEcCgey TCEY Tcey @ Total

Uz26 2A- Bsal 2A3B Bsal 2A3B BSAl  Mortality

Blue Line 292 572 332 2213 231 27.84 5.64 36.41
Current accounting
BSABycatch (+20%) 3.32 5.72 3.95 22.13 1.69 27.84 5.64 36.80
BSAI Bycatchq0%) | 2.51 5.72 271 2213 292 27.84 5.64 36.00
Extended accountin
BSAI Bycatch (+20% 3.32 5.71 3.95 21.78 1.62 27.48 5.57 36.36
BSABycatch {20%) | 252 5.72 271 225 3.00 28.23 5.71 36.46
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Tablel4. Final 2013 dcision table results.

Fishery

Stock Trend Stock Status Fishery Trend Status

Harvest

biomass biomass Fishery CEY from the harvest policy rate
in 2015 in 2017 in 2015 in 2017 in 2015 in 2017 in 2014
Total Fishery is is 5% is is 5% is is is is is is 10% is is 10% is

removals CEY Harvest |lessthan [lessthan |[lessthan |lessthan |lessthan (lessthan |lessthan |lessthan [lessthan (lessthan |lessthan |less than above

2014 Alternative MIb) (MIb) rate 2014 2014 2014 2014 30% 20% 30% 20% 2014 2014 2014 2014 target

No removals 0.0 0.0 0.0% 5/100 <1/100 23/100 4/100 3/100 <1/100 1/100 <1/100 0/100 0/100 0/100 0/100 0/100
FCEY =0 114 0.0 5.0% 31/100 <1/100 32/100 18/100 3/100 <1/100 2/100 <1/100 0/100 0/100 0/100 0/100 <1/100
20.0 8.5 10.1% 33/100 <1/100 37/100 24/100 4/100 <1/100 3/100 <1/100 <1/100 <1/100 <1/100 <1/100 <1/100

30.0 18.2 15.9% 39/100 <1/100 66/100 41/100 4/100 <1/100 5/100 <1/100 5/100 2/100 8/100 4/100 7/100

Blue Line 36.4 245 19.7% 56/100 1/100 82/100 63/100 5/100 <1/100 6/100 1/100 43/100 20/100 74/100 47/100 50/100
Final adopted 39.6 275 21.5% 67/100 1/100 87/100 72/100 5/100 <1/100 8/100 1/100 80/100 46/100 95/100 81/100 89/100
40.0 28.0 21.8% 68/100 1/100 87/100 73/100 5/100 <1/100 8/100 1/100 85/100 52/100 96/100 84/100 92/100
45.0 32.8 24.7% 82/100 4/100 93/100 83/100 6/100 1/100 10/100 1/100 >99/100 | 95/100 |>99/100 | 99/100 |>99/100
status quo 48.5 36.1 26.7% 88/100 8/100 95/100 87/100 6/100 1/100 13/100 1/100 >99/100 |>99/100 |>99/100 |>99/100 |>99/100
55.0 42.6 30.5% 95/100 23/100 98/100 94/100 6/100 1/100 19/100 2/100 >99/100 |>99/100 |>99/100 |>99/100 |>99/100
60.0 475 33.5% 98/100 38/100 99/100 97/100 7/100 1/100 26/100 2/100 >99/100 |>99/100 |>99/100 |>99/100 |>99/100

a b c d e f g h i j k | m

Table 15 Comparison ofalternative 2013 decisiondble results based on changes in bycatch dv26

mortality accounting row a) 2013 Blueline, b)20% reducthn in coastwide bycatch in 2014, ¢) 20%
reduction in coastwide bycatch in 2014 maintaining target SPR, d) 20% reduction in 2014 bycatch in
areas 4A, 4B, and 4CDE, and e) 20% reduction in 2014 bycatch in areas 4A, 4B, and 4CDE maintainin
target SPR.Rows correspond to apportionment and harvest policy tables above and are ordered by
increasing total mortality.

Fishery

Stock Trend Stock Status Fishery Trend Status

Harvest

Spawning biomass Spawning biomass Fishery CEY from the harvest policy rate

in 2015 in 2017 in 2015 in 2017 in 2015 in 2017 in 2014

Total | Fishery is is 5% is is 5% is is is is is is 10% is is 10% is

removals CEY Harvest [lessthan |lessthan |lessthan (lessthan |lessthan |lessthan |lessthan |lessthan [lessthan |lessthan |lessthan |less than above

2014 Atenative | (MIb) | (MIb) rate 2014 | 2014 | 2014 | 2014 30% 20% 30% 20% 2014 | 2014 | 2014 | 2014 | target
b[ 358 [ 254 [ 197% [55M00 | 11100 | 82100 | 63100 | 5100 [ <1100 | 6/100 [ 11100 [ 55100 [ 26/100 [ 81/100 [ 57/100 [ 497100 |
d[ 360 | 251 [ 197% [55M100 [ 1100 [82100 [ 63100 | 5100 [ <100 [ 6100 [ 1100 [ 501100 [ 231100 [ 781100 [ 53100 [ 491100 |
al 364 | 245 [ 197% [56/100 [ 1100 [82100 [e3/100 | 500 [ <100 [ 6100 [ 1100 [ 43700 [ 20100 [ 747200 [ 477100 [ 501100 |
2 e[ 365 | 255 [ 199% [57100 [ 1/100 [83/100 [ 64100 | 5100 [ <1100 [ 6100 [ 1100 [ 521100 [ 24/100 [ 80/100 [ 55/00 [ 51/100 |
c[ 365 | 260 [ 200% |[58100 [ 1/100 [83/100 [ 65100 | 5100 [ <1100 [ 6/100 [ 1100 [ 577100 [ 277100 [ 831100 [ 591100 [ 501100 |
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Figure 2. Bycatch estimated®y IPHC regulatory area over the period 202013.
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Figure 6 Release and recovery locations for juvenilalitbut tagged in the Bering Searoupedby time
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Figure 7 Release and recovery locations for juvenile halibut tagged near Unalagt@pedby time at
large (also see next figurd-rom: Websterin prep).
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Figure 8 Release and recovery locations for juvenile halibut taggeshr Unalaskagroupedby time at
large(also see previous figuredFrom: Websterin prep).
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