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The following table applies for Model 16.2, the model used for last year’s assessment advice. An
alternative table is provided for this same model but ignores the new Saildrone acoustic data
collected in 2020. As in past years, the ABC recommendation reflects the Tier 3 estimate.

As estimated or specified
last year for:

As estimated or recommended
this year for:

Quantity 2020 2021 2021 2022
M (natural mortality rate, ages 3+) 0.3 0.3 0.3 0.3
Tier la la la la
Projected total (age 3+) biomass (t) 9,128,000 t 8,494,000 t | 8,129,000 t 7,633,000 t
Projected female spawning biomass (t) 2,991,000 t 2,674,000 t | 2,592,000 t 2,400,000 t
By 5,777,000 t 5,777,000 t | 5,799,000 t 5,799,000 t
By 2,148,000 t 2,148,000 t | 2,259,000 t 2,259,000 t
ForL 0.449 0.449 0.342 0.342
mazFapc 0.383 0.383 0.304 0.304
Fapc 0.225 0.225 0.215 0.215
OFL 4,085,000 t 3,385,000 t | 2,584,000 t 2,364,000 t
maxzABC 3,485,000 t 2,888,000 t | 2,298,000 t 2,102,000 t
ABC 2,043,000 t 1,767,000 t | 1,626,000 t 1,484,000 t
Status 2018 2019 2019 2020
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No




The following table applies fOI[ Model 20.0,]the model used for last year’s assessment but with data
from the uncrewed surface vehicles (USVs) included as an extension of the acoustic trawl survey.
An alternative table is provided for this model which excludes the USV data from 2020. As in past
years, the ABC recommendation reflects the Tier 3 estimate.

As estimated or specified
last year for:

As estimated or recommended
this year for:

Quantity 2020 2021 2021 2022
M (natural mortality rate, ages 3+) 0.3 0.3 0.3 0.3
Tier la la la la
Projected total (age 3+) biomass (t) 9,128,000 t  8,494.000 t | 8,145.000 t 7.641.000 t

Projected female spawning biomass (t)

2,991,000 t

2,674,000 t

2,602,000 t

2,406,000 t

By 5,777,000 t 5,777,000 t | 5,792,000 t 5,792,000 t
Brmsy 2,148,000 t 2,148,000 t | 2,257,000 t 2,257,000 t
Forr 0.449 0.449 0.341 0.341
marFapc 0.383 0.383 0.304 0.304
FaBc 0.225 0.225 0.214 0.214
OFL 4,085,000 t 3,385,000 t | 2,594,000 t 2,366,000 t
maxrABC 3,485,000 t 2,888,000 t | 2,307,000 t 2,105,000 t
ABC 2,043,000 t 1,767,000 t | 1,626,000 t 1,484,000 t
Status 2018 2019 2019 2020
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No




Response to SSC and Plan Team comments
General comments

The SSC recommended that a detailed review of the support for retaining the EBS Pollock assess-
ment in Tier 1 versus reclassifying it as Tier 3 be pursued in the 2020 assessment.

o We evaluated factors affecting the Tier classification.

The SSC had a number of recommendations for additional research supporting this
assessment:

The SSC encourages further investigation of the apparent shift between a clear 2012 year-class to
mixed 2012-2013 year classes in the data, suggestive of potentially variable ageing bias.

e The newly available 2019 fishery age data shows a similar relative proportion of these two
year classes; this suggests (based on earlier inquiries with the age-determination experts) that
this pattern is reasonable.



Noting the work in deriving an external estimate of temporal variability in catchability for the
bottom trawl survey (relative to the acoustic survey) due to vertical availability, the SSC noted that
catchability would logically also vary for the acoustic survey. The SSC encourages further work to
develop the simultaneous modelling of these two surveys, accounting for vertical and distributional
shifts (including into the northern Bering Sea survey area; NBS). When sufficiently explored, the
SSC looks forward to assessment model configurations that explore the use of a time-series from
this method.

e Work on this topic stalled as analysts focused their efforts on methods to incorporate the
uncrewed surface vessels (USVs) to collect acoustic data.

The SSC supports ongoing genetic studies to determine the relationship between pollock in the
NBS and EBS, as well as other surrounding regions (AI, GOA).

e A post doctoral researcher has bequn this work but progress has been limited due to lab access
and other factors related to the pandemic.

The SSC supports the continued use of a formal decision table to illustrate risks of alternative
harvest strategies.

e This was included in this year’s assessment report.



SSC / PT requests

The SSC also looks forward to estimates of movement and abundance along the US-Russia EEZ
boundary based on echosounders fixed to moorings in this area.

e The moored sounders have been recovered in September 2020 but the data have yet to be
processed.

From previous requests:

Re-examine the geographic subset of data currently used to develop the AVO index, specifically to
see if including Bristol Bay data improves the correlation.

o Work on this continues but was given lower priority given that the AVO was not part of this
year’s assessment.

Explore “A” season trends in mean weight-at-length with a GAM or similar technique, to determine
if the trends are either predominantly environmental or predominantly fishery-driven, Regarding
oR, explore alternative fixed values or estimation methods.

e Trends in mean weight given length are again presented. The extent that fishery affects this
pattern was shown to be related to timing. Further work is needed to establish a mean baseline
(in time and space) to try to sort out environmental effects hypotheses. Values of op were
explored in previous years, no further work was done on this in 2020.
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Seasonal and area catch patterns
Eastern Bering Sea pollock
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[PollocR product forms...

"Recovery” t pollock Proportion Proportion Proportion Proportion
Year Pollock catch Products / Catch  discarded discarded Fishmeal Fillets Roe

1,132,739 9%
12%
13% o
14%
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15%
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Cumulative pollock catch by month as proportion of TAC
50%

45% April " - R

40% *— - e —— ‘__v — :‘ — O —p—— e i a2 ——— —»';'-'/

35%

“March

30%
S50 ~ February
20%
15%
10% January
5%

0%
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020



Fishing conditions

D
)
+
o
(&)

A-season pollock

Oe+00 -

Cumulative catch (tons)

0 20000 40000
Cumulative time fishing

Year

— 2011
— 2016
— 2017
- 2018
- 2019
w2020



Fishing conditions

B-season pollock
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Nominal CPUE

Pollock CPUE (by weight)
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A-season pollock
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Herring CPUE (by weight)
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Herring CPUE (by weight)
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Fishing patterns of fleet

* Fishing harder..and more dispersed?



Summarizing spatial
fishery patterns




Mean distance (nautical miles)

All pollock boats combined...
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* Fishery observer sampling...
— [Patterns in pollocR growth



Climatology on pollocR
“fatness” (given length) by month
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[PollocRk climatology on “fatness”
(given length) by month and season/area
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What about size at age?




LooRIing at weight-at-age
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age than normal??°?



Body weight relative to mean

LooRIing at weight-at-age
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e 2012 and 2013 year classes
about
average weight in 2019
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Average fishery weight-at-age by season, area,
and year..
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WeeRly
catch by
Size bin

2020 seems pretty unusual!
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Heatwaver

ThankRs to Jordan Watson
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2016 g
Temperature data
collected by the RACE
Groundfish Assessment
Program and the
Eastern Bering Sea
Bottom Trawl Survey
Group

Cold

pool
extent...based
on data...



Bering10K ROMS hindcast, extracted on July 1
of each year
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Summer
bottom
temperatures

Hindcasts from ROMs
— Courtesy Dr. Kelly IKearney, AFSC
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BS pollock
ssessment ¥ —
esults B 4

Data

The following lists the data used in this assessment:

Source Type Years

Fishery Catch biomass 1964-2020
Fishery Catch age composition 1964-2019
Fishery Japanese trawl CPUE 1965-1976
EBS bottom trawl Area-swept biomass and 1982-2019

age-specific proportions
Acoustic trawl survey  Biomass index and age- 1994, 1996, 1997, 1999, 2000, 2002, 2004,
specific proportions 20062010, 2012, 2014, 2016, 2018, 2020
Acoustic vessels of op- Biomass index 2006-2019
portunity (AVO)

Note the 2020 acoustic survey data based on unmanned surface vessel (USV) transects



BS pollock
ssessment

esults

Model details (1 of 2)

* Tuning indices
— Acoustic Trawl survey
« Available biennially (usually!l)
— Annual fixed-station bottom trawl survey (normally)

— Acoustic vessel of opportunity (AVO index)
* Normally Two new years of data every other year

— Old foreign trawler CPUE (in 1970s)

* Fishery data
— Total catch
— Catch-at-age
— Mean fishery weights-at-age



BS pollock
ssessment

esults

Model details (2 of 2)

» Age specific schedules
— Natural mortality
* Ages 1and 2 higher, other ages fixed at 0.3

— Maturity
» Estimated externally..50% at ~ age 3.5 years

 Other

— Conditioned on catch biomass (F's estimated)
— Selectivity varies in fishery
» Slightly in surveys
— StocR recruitment model RicRer,
» Affects ABC values, minimal impact on historical trends
— Projection options built in to evaluate policy trade offs
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Applying survey data in assessment =
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BS pollock
ssessment

esults

Model configurations

e Base (as in 2019)
— Model 16.2

 Extend acoustic time series with drone data

— As biomass converted from 2020 back-scatter
— (Model 20.0)

* Analyze all historical data from research vessels combined
with the 2020 drone data
— All data treated as acoustic bacR-scatter

— Uses VAST model for modeling unbalanced data
(spatio-temporal aspects)

— (Model 20.1)



vvvvvv

Data

Impact on
Model




New data impact on model...

Data considerations

2020 Drone

Updated 2019 fishery = biomass AP DRI
Name catch 2qe data (design backscatter
02020 9 v (VAST)
based)
Catch X
+ Age
Fishery X X
+ Drone
X X X
Data (DB)
Impact ohDrone X X X

Model (VAST)
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Selected model with
USV for management
advice

Converted to biomass (in 2020)

Similar to results from VAST
— Was only bacRscatter
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Spawning exploitation rate

@ 0.4 4
©
e
c
=
g 0.3+
L=,
3
o 021
=
c
=
@©
Q0.1+
w

0.0 4

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year



6000 4

BS pollock

/ssessment Re t rO S p e C t ive S

esults
4000 4

spawning biomass (kt)

Model based (stepwise data removal)

= 10000+
=
2
£
-_g 32 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
5 Ye
o, 50001 ear
<
Historical
oA
1980 1985 1990 1995 2000 2005 2010 2015
Year

= B

o

o

£

S

©

F  1.00

Q@

©

£

2@

2

£ 0751

)

2

0.504

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Year



BS pollock

Estimated recruitment
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Factors for

reducing
ABC

Considerations

Assessment-related

Population
dynamics

Environmental &
ecosystem

Fishery performance

Level 1
Normal

Level 2
Substan-
tially
increased
concerns

Level 3
Major
Concern

Level 4
Extreme
concern

Typical to moderately
increased uncertainty
& minor unresolved
issues in assessment
Substantially
increased assessment
uncertainty
unresolved issues.

Major problems with
the stock assessment,
very poor fits to data,
high level of
uncertainty, strong
retrospective bias.

Severe problems with
the stock assessment,
severe retrospective
bias. Assessment
considered unreliable.

Stock trends are
typical for the stock;
recent recruitment is
within normal range.
Stock trends are
unusual; abundance
increasing or
decreasing faster than
has been seen recently,
or recruitment pattern
is atypical.

Stock trends are
highly unusual; very
rapid changes in stock
abundance, or highly
atypical recruitment
patterns.

Stock trends are
unprecedented. More
rapid changes in stock
abundance than have
ever been seen
previously, or a very
long stretch of poor
recruitment compared
to previous patterns.

No apparent
environmental &
ecosystem concerns

Some indicators
showing an adverse
signals but the
pattern is inconsistent
across all indicators.

Multiple indicators
showing consistent
adverse signals a)
across the same
trophic level, and/or
b) up or down trophic
levels (i.e., predators
and prey of stock)
Extreme anomalies in
multiple ecosystem
indicators that are
highly likely to impact
the stock. Potential
for cascading effects
on other ecosystem
components

No apparent
fishery/resource-use
performance and/or
behavior concerns
Some indicators
showing adverse
signals but the
pattern is inconsistent
across all indicators.

Multiple indicators
showing consistent
adverse signals a)
across different
sectors, and/or b)
different gear types

Extreme anomalies in
multiple performance
indicators that are
highly like to impact
the stock.




Summary for Environmental /Ecosystem considerations

e The eastern Bering Sea returned to near-normal climatic conditions in 2020;

e Sea ice extent exceeded the historical median in parts of February and March 2020;
e |ce thickness was low and retreated quickly in spring 2020;
e The spatial extent of the cold pool was average:

e The eastern Bering Sea is experiencing a persistent warm stanza, greater in both magnitude
and duration than that of the early 2000s;

e The 2019 year class experienced unfavorable temperature conditions from age-0 to age-1 and
is predicted to have below-average recruitment to age-4 in 2023.

e Winter 2019/2020 had an average wind speed direction (north/south) near the long-term
average;

e The 2020 springtime drift pattern was mixed indicating larvae may have been retained over
the southern middle shelf;

e The spring bloom over the southern shelf occurred about a week earlier than the long-term
mean;

e Chlorophyll concentrations over the southern shelf have been below the long-term mean since
2016;
e Low abundance of large copepods during late-summer in 2017-2019 indicate poor overwinter

survival and recruitment to age-3 in 2020-2022;

e Condition (weighted length-weight residuals) of juvenile pollock (100-250 mm TL) in 2019
was at the long-term mean indicating moderate foraging conditions;

e Condition of adult pollock (>250 mm TL) in 2019 was above-average indicating good foraging
conditions (including cannibalism of juvenile pollock);

e Predation pressure from cannibalism may have been mitigated by the average spatial extent
of the cold pool (i.e., thermal barrier);

e The decoupling of abundance timeseries for Pacific cod and walleye pollock suggests a shift
in drivers of survival in these two populations and may indicate broad-scale transitions in the
ecosystem (e.g., from pelagic- to benthic-dominated production);

e The widespread die-off event of short-tailed shearwaters slowed in 2020 and may reflect better
feeding conditions (i.e., euphausiids) over the shelf in 2019.



RISk table

* Ecosystem and fishery performance score of 2

Considerations
Assessment- Population Environmental Fisheries
related dynamics or ecosystem
Level 1: No Level 1: No Level 2: Level 2:
concern concern Substantially Substantially
increased increased
CONcerns concerns




Table 47: Details and explanation of the decision table factors selected in response to the Plan
Team requests (as originally proposed in the 2012 assessment).

Term

Description

Rationale

P [Fago1 > Fysy)

Probability that the fishing
mortality in 2021 exceeds Faysy

OFL definition is based on Fyrsy

P [Baoz2 < Basy]

Probability that the spawning
biomass in 2022 is less than By sy

Byysy is a reference point target and
biomass in 2021 provides an indication of
the impact of 2021 fishing

P [Baozs < Busy]

Probability that the spawning
biomass in 2023 is less than Byssy

Byrsy is a reference point target and
biomass in 2023 provides an indication of
the impact of fishing in 2021 and 2022

P [Bages < B

Probability that the spawning
biomass in 2022 is less than the
1978 2020 mean

To provide some perspective of what the
stock condition might be relative to
historical estimates after fishing in 2021.

P [Baogs < B]

Probability that the spawning
biomass in 2025 is less than the
long term mean

To provide some perspective of what the
stock condition might be relative to
historical estimates after fishing in 2021.

P [Bagas < Bagai]

Probability that the spawning
biomass in 2025 is less than that
estimated for 2021

To provide a medium term expectation of
stock status relative to 2021 levels

P [Bap23 < Bagy)

Probability that the spawning
biomass in 2023 is less than Bygy

By, had been selected as a Steller Sea
Lion lower limit for allowing directed
fishing

P [pag 2023 > Pas)

Probability that in 2023 the
proportion of age 1-5 pollock in
the population exceeds the
long-term mean

To provide some relative indication of the
age composition of the population relative
to the long term mean.

P [Dagoa < Digos)

Probability that the diversity of
ages represented in the spawning
biomass (by weight) in 2022 is less
than the value estimated for 1994

To provide a relative index on the
abundance of different age classes in the
2022 population relative to 1994 (a year
identified as having low age composition
diversity)

P [Dagos < Digoa)

Probability that the diversity of
ages represented in the spawning
biomass (by weight) in 2025 is less
than the value estimated for 1994

To provide a medinm-term relative index
on the abundance of different age classes
in the population relative to 1994 (a year
identified as having low age composition

diversity)

P [Ea21 > Ea020)

Probability that the theoretical
fishing effort in 2021 will be
greater than that estimated in
2020.

To provide the relative effort that is
expected (and hence some idea of costs).

table
explanation

 Decision

(Table 47)



Decision table diagnhostics included

Table 48: Outcomes of decision (expressed as chances out of 100) given different 2021 catches (first
row, in kt). Note that for the 2018 and later year-classes average values were assumed. Constant

Fs based on the 2021 catches were used for subsequent years.

10 850 1000 1150 1350 1300 1450 1600

o [F2021 > F]\,[SY] 1| 5 13 29 29 36 47
P [Bag22 < Bprsy] 28 32 35 41 39 44 48
P [BQ()Q; o < BA[SY] 23 27 32 39 37 43 49
P [Bsy2 < B] 84 8 93 96 96 97 98

P |Bsgos < B| 28 3 41 50 48 54 60

P [BQ()QO < Bgozl] 19 23 28 34 30 38 42
P [Bgozg % BQ()%] i 1 1 2 2 2 3
P [Pas 2023 > Pas] 66 72 76 81 80 83 85
P [DQ()QQ << D1994] 0 0 0 0 0 0 0
P [Dopos < D199l 4 5] 8 12 i 14 19
P [EQ()Ql 2 EQOQ()] 4 22 47 74 69 82 90




BS pollock
ssessment

esults

EBS pollock summary

e QOutlooR

— Spawning biomass declining
* From high levels
* Fishing challenges lkely-te have increased
— Recommend stabilization of effort
* ABC ~ 1.34 million t (max permissible under FMP higher)

— StocR could drop below B,,,;, by 2021
» could affect 2021 ABC (and TAC)



The following table applies fOI[ Model 20.0,]the model used for last year’s assessment but with data
from the uncrewed surface vehicles (USVs) included as an extension of the acoustic trawl survey.
An alternative table is provided for this model which excludes the USV data from 2020. As in past
years, the ABC recommendation reflects the Tier 3 estimate.

As estimated or specified
last year for:

As estimated or recommended
this year for:

Quantity 2020 2021 2021 2022
M (natural mortality rate, ages 3+) 0.3 0.3 0.3 0.3
Tier la la la la
Projected total (age 3+) biomass (t) 9,128,000 t  8,494.000 t | 8,145.000 t 7.641.000 t

Projected female spawning biomass (t)

2,991,000 t

2,674,000 t

2,602,000 t

2,406,000 t

By 5,777,000 t 5,777,000 t | 5,792,000 t 5,792,000 t
Brmsy 2,148,000 t 2,148,000 t | 2,257,000 t 2,257,000 t
Forr 0.449 0.449 0.341 0.341
marFapc 0.383 0.383 0.304 0.304
FaBc 0.225 0.225 0.214 0.214
OFL 4,085,000 t 3,385,000 t | 2,594,000 t 2,366,000 t
maxrABC 3,485,000 t 2,888,000 t | 2,307,000 t 2,105,000 t
ABC 2,043,000 t 1,767,000 t | 1,626,000 t 1,484,000 t
Status 2018 2019 2019 2020
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No
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Abstract

The northern Bering Sea is transitioning from an Arctic to subarctic fish community
as climate warms. Scientists and managers aim to understand how these changing
conditions are influencing fish biomass and spatial distribution in this region, as both
are used to inform stock assessments and fisheries management advice. Here, we use
a spatio-temporal model for walleye pollock (Gadus chalcogrammus) to provide two
inputs to its stock assessment model: (a) an alternative model-based biomass index
and (b) alternative model-based age compositions. Both inputs were derived from
multiple fishery-independent data that span different regions of space and time. We
developed an assessment model that utilizes both the standard and model-based in-
puts from multiple surveys despite inconsistencies in spatial and temporal coverage,
and we found that using these data provide an improved spatial and temporal scope
of total pollock biomass. Age composition information indicated that pollock density






