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Executive Summary

National initiative and NPFMC recommendations suggest a high priority for conducting an ecosystem

and soadeconomic profile (ESP) f@@aintMath ew bl ue king crab (SMBKC) due
overfished status and poor recruitment in recent y&aares for stock assessment prioritization, habitat
prioritization, climate vulnerability assessment, anthdaassification analysis were moderate to high.
Furthermorein 2018whenthe stock wasleclared overfished, the Crab Plan Teagquestdan

evaluation of ecosystem factors to inform the stock rebuilding plan.

We follow the standardized template for conducting an ESRpeggEnt results of applying the ESP
process through a metric and subsequent indicator asses¥vease information from a variety of data
streams available for tH&MBKC stock Analysis of the easystem and socioeconomic processes for
SMBKC by life history stage along with information from the literature identified a suite of indicators for
testing and continued monitoring within the ESP. Results of the metric and indicator assessment are
summaried below as ecosystem and socioeconomic considerations that can be used for evaluating
concerns in the main stock assessment

Please refer to the last full ESP document for further information regarding the ecosystem and
socioeconomic linkages for thisosk (Fedewa et al., 2019, available onlimighin the SMBKC SAFE,
Appendix E, pp. 99.20 at https://meetings.npfmc.org/CommentReview/DownloadFile?p=6ffde3ce
67be4139b165cbffo062da06.pdf&fileName=C4%206%20SMBKC%20SAFE%202019.pdf

Summary of Changes in Assessment Inputs

Changes in the Metric or Indicator Data

The 2020 SMBKC ESP update includesuite of new ecosystem indicators that were develivped
remote sensing data aBeéringl0K ROMS modeabutput hindcast The suite of acioeconomic
indicatorsfor SMBKC remain unchanged due to tbentinuedclosure of the fisherwhile the stock
rebuilds.

Changes in the Indicator Analysis

We have included the addition of a Stage 2 Importance Test in the Indicator Analysis section of the 2020
SMBKC ESP update. Results from the analysis are outlined below.

Summary of Results

Important ecosystem and soetmnomic processes that may identify dominant pressures on the SMBKC
stock were reviewed in the last full ESP document. We updated the suite of ecosystem indicators for
SMBKC using these mechanistic linkages or hypothesized relationSipigsifically,theaddition of

spring bottom temperature, wind stress ehldrophylla indicators likely represent environmental
conditions and prey availability for BK&arly life stagesPlease reference the 2019 full SMBKC ESP
document for complete descriptiooisindicators that occurred in the last full E2#y changes in
methodology for indicatardeveloped in 2019 are outlined below, as well as full descriptions for new
indicators.

Indicator Suite

Ecosystem Indicators:

1.) Physical Indicators
1 Cold Pool IndexDueto the cancelation of the 2020 EBS summer bottom trawl survey,
the cold pool index was calculated from ROMS model output as the fraction of the EBS
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survey area with bottom waters less than 8ACIuly 1 of each yedKearney et al.,

2020)

Summer Bottom @mperatureDue to the cancelation of the 2020 EBS summer bottom
trawl survey JuneJuly bottom temperatures were averaged within the SMBKC
management area from ROMS model ou(pigtarney et al., 2020)

Spring Bottom Temperatur&verageof FebMarch botom temperatures within the
SMBKC management boundary from ROMS model ouletirney et al., 2020).
Corrosivity Index:Percet of the SMBKC management area containing an average
bottom aragonite saturation state of < 1 from-Bebil (D. Pilcher,pers.commun.2020)
Chlorophylla Biomass:April-June average chlorophdl biomass within th&t.

Matthew region of the Bering Sea; calculated witthay composite data from MODIS
satellitegJ. Nielsen,pers. commun2020)

Wind StressJune ocean sface wind stress within the SMBKC management boundary.
Product of NOAA blended winds and MetOp ASCAP sensors from multiple satellites
(Zhang et al., 2006, NOAA/NESDIS, CoastWatch)

2.) Biological Indicators

T

1
1

Pacific Cod BiomasdsPacific codcomprise the majority of tat biomass in the Benthic
Predator Biomass indicator developed for the 2019 full ESP document. As such, we
refined a predation indicator to solely include pacific cod biomass within the SMBKC
management area.

Benthic Invert Biomass

SMBKC Recruit BiomasgPalof,pers. commumi202Q

Socioeconomic Indicators:

1.) Fishery Performance Indicators

)l
T
1
1

CPUE (mean no. of crabs per potlifeishing effort efficiency, as measured by estimated
mean number of retain€g@MBKC per potlift

Total Potlifts Fishing effort, as measured by estimated number of crab pots lifted by
vessels during thEMBKC fishery.

Vessels active in fisherywnnual count of crab vessels that delivered commercial
landings ofSMBKC to processors

SMBKC male bycatch biomass: Incidahbycatch biomass estimates of male BBRKC
(tons) in trawl and fixed gear fisheries

2.) Economic Indicators

)l
)l

TAC Utilization (%) Percentage of the annual SMBKC TAC (GHL prior to 2005) that
was harvested by active vessels, including deadloss discarded aglandi

SMBKC exvessel revenue share (% of total exvessel reveBMBKC exvessel
revenue share as percentage of total calendar yearssel revenue from all commercial
landings in Alaska fisheries, mean value over all vessels active in SMBKC during the
respective year.

Ex-vessel price per poundommercial value per unit (pound) of SMBKC landings (as
adjusted by CFEC to account for pesiason adjustments to-eassel settlements),
measured as weighted average value over alkegel sales reported.

3.) Community Indicators

1

Processors active in fisherjotal number of crab processors that purchased landings of
SMBKC from delivering vessels during the calendar y&his provides an indicator of

the level of participation of buyers in thearket for SMBKC landings.

Local Quotient of SMBKC landed catch in Saint P&ix-vessel value share of SMBKC
landings to communities on St. Paul Island, as percentage of total value of commercial
landings to St. Paul processors from all commercial Alaska fishasaggregate



percentage over all landings during the respective gtdtaul represents the principal

port of landing for the SMBKC fishery during the poationalization period,

representing from 78% to 100% of all purchased landings in the fishery. Hhe loc

guotient (LQ) represents the share of community landings attributed to SMBKC in
relation to revenue from all other species landed in the community during years when the
fishery was opened.

Indicator Analysis

We providean update tthe list and tine-seiies ofecosystem and socioeconorimdicators (Tables-2,
Figures 12) and then report the results of the first aadosd stage statistical tests foe irdicator
analysis with the inclusion of currepg¢ar dataThe third staglas not yet been completed, amitl
require more indicator development and review of the ESP modeling applications.

Stage 1: Traffic Light Test

The first stage of the indicator analysis is a simple assessment of the most recent year relative value and a
traffic-light evaluation of the most current year where available (Tab®sOetails of the analysis can
be found in the 2019 full ESP document.

Current year trends suggest relatively average environmental conditions for the SMBKC stock in 2020
although SMBKC recruit biomass is still well below the |letegm averagéFigure 1) While summer

bottom temperatures in the St. Matthew management ared2é&below 20182019 temperatures, the
region still experienced warmer than average conditions relatithe longerm meanHowever, a larger
fraction of bottom waters were22Cin 2020 compared to previous yeafFhe addition of aarrosivity
indicatorsuggestthat SMBKC are exposed to significant interannual variability inategonite

saturation &te of bottom water&ll stations within the SMBKC management area contaimetr
saturatedottom watergq a r a gin sprind. 2020vhich suggestpotential consequences for shell
formation following the spring molt, as well esduced condition ansurvivalof embryos and larval

stages

Chlorophyll a biomass was above the leteym average in 2020, suggesting a more intense spring bloom

and good firsfeeding conditions for BKC larvae. Likewise, June wind speeds around St. Matthew Island
werenearaverage in 2020 and on a downward trend since 2015, which may promote increased larval
encounter rates with diatom pr&urrentyear data for énthic invertebrate andaPific cod biomass

indicators were not available due to the cancellation of the EB&bataw! survey. Benthimvertebrate

biomass has remaindigh sincethé at e 198006s ( p o sX89dgiyme shibintheci di ng wi
North Pacifig, while Pacific od biomass has been on a downward trend aftarhing an altime high in

2016.

With the exception oBMBKC male bycatchall socioeconomiindicators in Table 2 are derived from
SMBKC fishery data reported from the most recent open season (2015/16), and thus are not updated in
this report. Bycatch of SMBKC in the groundfish fishedesing 2019 was near the lower bound of the
historical range, and was slightly reduced from 2018.

Stage 2: Importance Test

Bayesian adaptive sampling (BAS) was used for the second stage statistical test to quantify the
association between hypothesizeddictors and SMBKC mature male biomass (MMB), and to assess the
strength of support for each hypothesis. BAS explores model space, or the full range of candidate
combinations of predictor variables, to calculate marginal inclusion probabilities for ealittqr,

model weights for each combination of predictors, and generate Bayesian model averaged predictions for



outcomes (Clyde et al., 2011). In this second test, the full set of indicators is first winnowed to the
predictors that could directly relateMiMB, and have consistent temporal data coverage. We then
provide the mean relationship between each predictor variable and log MMB over time (Figure 3a), with
error bars describing the uncertainty (1 standard deviation) in each estimated effect anditia ma
inclusion probabilities forach predictor variable (FigurdB A higher probability indicates that the
variable is a better candidate predictoSMBKC MMB. The highest ranked predictor variabl€s (0 . 2 5
inclusion probability) wereSMBKC recruit biomasssummer bottom temperaturesidbenthic

invertebrate biomas&/nfortunately, due to the nature of the BAS model only being able to fit years with
complete observations for each covariate, the final subset of covariates was quite sorekt@sc
significant data gaespite this shortcoming, predictive performance of the BAS model appears to
generally capture SMBKC MMB trends across the time series (Figure 3d).

Ecosystem Considerations

1 Despite repeated fishery closures, SMBKC matoaée biomass and recruitment estimates
remain belowaverage following a 1989 regime shift in the Bering Sea, suggesting that
environmental factors may be impeding recruitment success and stock recovery.

1 Highly specific thermal optimums and habitat reqoiests of SMBKC likely limit mobility in
response to warmer than average bottom temperatures and shifting predator distributions in the
Bering Sea.

1 Large catches of Pacific cod in the St. Matthew Island management boundary in 2016 preceded
declines in BKGmature male biomass, recruitment, and the overfished declaration in 2018.

1 Trend modeling for SMBKC ecosystem indicators reveakskaverageconditions for SMBKC
in 2020, althouglpersistentcorrosive bottom waters surrounding St. Matthew Island suggest
potential impacts on shell formation, growth and survival of BKC.

Socioeconomic Considerations

1 Vessel engagement in the SMBKC fishery as measured by annual counts of active vessels during
years that the fishery has opened, has declined relative tcethetipnalization period reflecting
consolidation of the crab fleet following rationalization.

7 Inthe most recent open seasons, the active fleet has been redudedetssals, with TAC
utilization also declining to 26% during the 2015/16 season.

1 Ex-vessel revenue share and the Local Quotient for Saint Paul both reached high values during
2010, concurrent with a peak in-e@ssel price; large declines in both metrics over the
subsequent open seasons, despite relatively higlessel prices during theext four open
SMBKC seasons indicate that both vessels and processors active during those years have shifted
into other fisheries.

Data Gaps and Future Research Priorities

Additional data on BKC life history characteristics (i.e. groywdrmolt data ad molting probabilities)

as well as estimates for natural mortality would aide in a better understanding eff=aiie

vulnerabilitiesfor the metric panelin addition, procesbased studies are necessary in order to identify
links between larvaturvival, recruitment and environmental factors. Examining larval drift patterns and
spatial distributions of mature BKC around St. Matthew Island in relation to habitat characteristics will
help to inform essential fish habitat models angporithefuture development of a larval retention
indicator.Developing an EFH habitat indicator for SMBKC should also be prioritized, as metric
assessment results highlighted several vulnerabilities related to Habithermoregiven the prevalence

of corrosive bttom water conditions in the SMBKC management area, continued research efforts should
focus on the potential impacts of ocean acidification on BKC physiology and the role pH levels may play
in determining habitat use and spatial distributions of the stock.



In most socioeconomic dimensions, SMBKC fishery is relatively data rich in many respects. In
thecontext of the ESP, however, the intermittent nature of the fishery and reliance ondispengent
socioeconomic data limits the available socioecononfarmation to years when the fishery has opened.
This complicates the depiction and/or interpretation of lemm averages for most socioeconomic
indicators and suggests the need for development of indicators that are informative of social and
economic fators relevant to the purposes of the ESP, but function on a continuous basis, including during
years when the fishery is closed. Potential examples include estimation of current value of PSMFC QS
assets, calculation of revenue share metrics for SMBKGepsots and vessels identified with the

SMBKC fishery on the basis of more continuous association than participation in the fishery during a
particular year. Substantial improvements over the indicators reported above are feasible, however, are
largely depadent on further development of clear objectives for the inclusion of social and economic
indicators within the ESP framework.

Responses to SSC and Plan Team Comments on ESPs in General

ifiRegarding ESPs in general , tethed to:@regatevdicesnimmoeands de
score that could be estimated over time and compared to stock history. One potential pathway forward

may be to normalize and use an unweighted sum of all the indicators where all time series overlap, or just
assign+lorrl t o each indicator so t hat(SSC, Febeuary 2020 pg.envi r
7)

A presentation on a scoring option for the indicator suite providedn the ESP Model Workshop in
March 2020. The score used a simple +1, O0,-arabsignmertio the indicator based on whether the
current year was above, within, or below 1 standard deviation from the mean for the timé&aklidish
and GOA pollockwvere providedas case studies asdores were calculatdustorically for the past 15
years.The score timeline trajectory was alBealuated with respect to the general ecosystem and
socioeconomiconsiderations provided in the ESP documents. We plan to provide this soere in
year 6 s ESP andhape for RddiBack®dn the method.

Responses to SSC and Plan Team Comments Specific to this ESP

fiThe SSC is very pleased to see the Ecosystem and Socioeconomic Profile for SMBKC. The conceptual
model was appreciated especially by those that are less familiar with crab life history charactdristics.
introduction of some new ecosystem indicators was a good start. It was noted that the stock showed a
high vulnerability to ocean acidification (OA), so if there is a way to index OA in the ESP that might be a
good ad(83SCtQctpa0l90pg. 12)

In response to this recommendation, we updated the 2020 SMBKC ecosystem indicator suite to include a
Corrosivity Index developed from Bering1l0K ROMS output. This index, representing the percent of
SMBKC management area containlogy pH bottom waters undettsaated in aragonite, will provide the
means to highlight vulnerabilities across BKC life stages to acidified conditions.

iThe SMBKC ESP provides a tool to track, for the
has not successfully providiéor the continuous, sustained participation of fishing communities over

time. The SSC recommends that the ESP be augmented to track indices of community engagement and
dependency, by community or aggregations of communities, across the relevant vkegemtessing

sectors and, for the years following rationalization, quota share ownership by community by share type.
Where data confidentiality constraints dictate, the analysts should consider the use of regional as well as

| ocal quot i G8&fO0ct 20Djpg.d2)or s. 0

This recommendation has not been accomplished in this update. AFSC is currently developing a
dedicated annual report to accompany the Crab and Groundfish Economic SAFE reports, focused on
providing comprehensive analysis and monitgpmicommunityparticipationand engagemeirt

groundfish and crafisheries The AnnualCommunityEngagemenand Participatio©verview



(ACEPO)will provide detailed, communitievel metrics of fishery participation, including income and
employment, andwnership of vessel, plant, permit and quota share assets. Development of methods and
indices for effectively capturing these and other dimensions of management effects on communities is
currently concentrated on producing the ACEPO report. It is exptaethis will provide the basis for
identifying reducedorm indicators of community effects that will be suitable for incorporation in ESPs

in the future.
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Table 1 First stage ecosystem indicator analysisSioiMatthew blue king crab (SMBKincluding

indicator title and short descriptiofhe most recent year relative valuee@per than (+), lesthan {) or
within 1 standardl e v i at i o rsernf Mepn) af the time serigs is provided. Fill color is based on a
traffic light evaluation forSMBKC of the current year conditions relative to 1 standard deviation of the
longtermmean (white= average, blue = good, red = poor, no fill = no current year data).

Description Recent

Fraction of the EBS BT survey area with bottom water le
than 2°C on 1 July of each year from Bering1l0OK ROMS A

cole sl e e model outpuhindcasts

Summer Bottom

Temperature SMBKC management boundafom the Bering 10K ROMS

Averageof JuneJuly bottom temperatusg® C) within the A
model output hindcasts

Percent of th6& MBKC management area containing an
Corrosivity Index average bottom aragonite saturation state of < 1 from Fe
April

Averageof FerMarchbottom temperatus{® C) within the
SMBKC management boundafyom the Bering 10K ROMS
model output hindcasts

Spring Bottom
Temperature

June ocean surface wind stress withinSMBKC
Wind Stress management boundary. Product of NOAA blended winds
MetOp ASCAP sensors from multiple satellites

April-June average chlorophdlbiomass within th&t.
Chlorophyll -a Matthewregion calculated with 8lay composite data from
Biomass MODIS satellites

Pacific cod Biomass (1,000t) of Pacific cod within t8&1BKC
biomass management boundary on the EBS bottom trawl surve'

Do I» Do I»

Benthic Combined biomass (1,000t) of benthic invertebrates with
invertebrate the SMBKC management boundary on the EBS bottom tre +
biomass survey
SMBKC Pre- Model estimates for SMBKC recruitment. Inc_ludes male ¢
Ty (90-104mm CL) that will likely enter the fishery the A
recruit Biomass

following year.




Table 2 First stagesocioeconomiindicator analysis fost. Matthew blue king crab (SMBKipcluding
indicator title and short descriptiofhe most recent year relative value (gretttan (+), les than {) or
within 1 standardl e v i at i o rsernf Mepn) af the time serigs is provided. Fill color is based on a
traffic light evaluation forSMBKC of the current year conditions relative to 1 standard deviation of the
longtermmean (hite = average, blue = good, red = poor, no fill = no current year data).

Description Recent
Vessels active in Annual count of crab vessels that delivered commercie A
fishery landings of SMBKC to processors

TAC Utilization that was harvested by active vessels, including deadlo:

Percentage of thennual SMBKC TAC (GHL prior to 2005) A
discarded at landing.

Fishing effort, as measured by estimated number of crab

Total Potlifts lifted by vessels during the SMBKC fishery

+

Fishing effort efficiency, as measured by estimated me:
number of retained SMBKC per potlift

Commercial value per unit (pound) of SMBKC landings (
SOV Nie:Recld  adjusted by CFEC to account for pestason adjustments t

pound ex-vessekettlements), measured as weighted average v
over all exvessel sales reported.

SMBKC exvessel revenue share as percentage of tote
1\ Eer SV aT I calendar year exessel revenue from all commercial landir
revenue share in Alaska fisheries, mearalue over all vessels active in

SMBKC during the respective year.

y ST S

Siele-solisic =8 Total number of crab processors that purchased landing
in fishery SMBKC from delivering vessels during the calendar yes

Ex-vessel value share of SMBKC landings to communiti
ooz 1N01eii[=1186i  on St. Paul Island, as percentage of total value of comme
SMBKC landed landings to St. Paul processors from all commercial Alas
catchin St. Paul fisheries, aggregate percentage over all landings during
respetive year.

To

SMBKC Male
Bycatch in Incidental bycatch biomass estimates of male SMBKC (ic A
Groundfish in trawl and fixed gear fisheries
Fishery

Yincludes crab catcher/processors that harvested and processed SMBK@wziahd.
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Figurel. Selectedecosystenindicators forSMBKC with time series ranging from 801 202Q Upper
and lowerdottedhorizontal lines are 90and 16" percentiles of time serieBashechorizontal line is
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Pacific Cod Biomass
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Ex-vessel price per pound ($2019)
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Figure 2 Selectedsocioeconomiéndicators for SMBKC with time series ranging from809 2019
Upper and lowedottedhorizontal lines are 90and 10 percentiles of time serieBashechorizontal line
is mean of time series. Light green shadeé aepresents most retgear datdor traffic light analysis



CPUE (mean no. of crabs retained per potlift)
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Figure 2. (cont.pelectedsocioeconomiandicators for SMBKC with time series ranging from809
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Figure 3.Bayesian adaptive sampling output showing the mekationship and uncertainty (+SID)

with log-transformedst. Matthew blue king crab mature male biomass: ag#tenated effect anil)
marginal inclusion proabilitiesfor each predictor variable of the subsetted covaeetsystem indicator
dataset. Output also includes model c¢) predicted fit (1:1 line) ardatage fit across the MMB time
series.



