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Introduction

*Justification
*High commercial importance and EL habitat requirements
*Data-rich stock with high current ecosystem classification

* AFSC priority to improve understanding of Pcod dynamics

*Data Sources
*RACE, REFM, ABL, EcoFOCI, RPA, MML, FMA, PMEL
*CoastWatch (satellite), CFSR, EFH, ISRC (seabirds)

*Many contributions derived from ESR contributions
*AKRO, ADF&G, FAO via AKFIN (thank you Jean Lee!!!)



Ecosystem Processes
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Ecosystem Processes

Habitat &
Distribution
Shore to Shelf (0-500
m), depth varies by age
then size(p4, sublittoral-
bathyal zone, move
w/in, between LMESs(24)

Shelf (40-290 m) 3.
16.24), Semi-demersal in
shelf areas(s 15.16),
seasonal migrations
variable duration(z

Shelf (20-200 m),
demersal, adhesive
€225(13,15-17,24)

Epipelagic, nearshore
shelf, coastal, upper 45
m, semi-demersal at
hatching3-15.13.24)

Epipelagic, nearshore
shelf(13-15.24), 0-45 M4y

Nearshore (2-110 m),
15-30 m peak density,
inside bays, coastal,
mixed, structural
complexity (1-6.11.21)

Nearshore, shelf (10-
216 m)), inside bays,
coastal, mixed, mud,
sand, gravel, rock
pebbleq.45)

Phenology

Recruit to survey
and fishery age-1,
length 20-27
CMe4)

Winter-spring,
peak mid-March,
13 WKS (12025

Incubation is ~20
days, 6 wks(422)

Spring, peak end
April, 14 WkS(zz)

Late spring»)

Nearshore
settlement in June,
deeper water
migrations in
October 13-15)

Age-2 may
congregate more
than age-1(s)

Age, Length,
Growth
Max: 25 yrs,
1472/1344 cm
L inf=94 cm K=0.2
(24.AFSC)

1t mature: 2 yr,
262/36dcm,

50%: 4-5yr, 45-
65¢m (24,AFsC)

Egg size: 0.98-1.08
IMIN (Laurel et al 2008)

3-4.5 mm NL at
hatch (13-1524)

25-35 mm SL at
transformation (3 13-
15.24)

YOY: 35-110 mm
FL(), age 1+: 130-
480 mm FL(13.4,6.10):
growth sensitive to
temp

Begin to mature age
2-3, 480-490 mm FL
as)

Energetics

Oviparous, high
fecundity (250-
2220- 10%) eggs
(13,15), range 4-6
°C4.16)
Optimal
incubation 3-6°C,
13-23 ppt, 2-
3ppm dO> g, 2020)

1-2 weeks before
onset of feeding

1-2 weeks before
onset of feeding

Energy density 1
with length,
lower in pelagic
stage,

Energy density
and condition
lower than in
pelagic stage

Opportunistic, small
on inverts, large on
fishpo, 21, 24, AFsc)

Opportunistic 0,21

Yolk is dense and
homogenous (arsc)

Endogenous

Copepod eggs,
nauplii, and early
copepodite stages

(Strasburger et al. 2014)

Copepods, mysids,
amphipods ), small
fishqo), crabsqo-1y

Opportunistic, benthic

invert, pollock, small
fish, CrabS(19.21)

Predators/Competitors

Halibut, Steller sea lions,
whales, tufted puffins,
fisheriespay; shelf
groundfishg

Halibut, Steller sea lions,
whales, tufted puffins,
fisheries(os); shelf
groundfishg

Share larval period with
pollocks)

Share larval period with
pOllOCk( 13)

Pollock, halibut,
arrowtooth flounderio20);
macroalgae, eelgrass,
structural inverts, king
crab, skate egg case,
juvenile pollock (1-5.7.0y
Pacific cod, halibut,
salmon, fur seal, sea lion,
porpoise, whales, puffings);
macroalgae,
macroinvertebrate, king
crab, skate egg case.s 7.9
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Ecosystem Processes

Processes Affecting Survival

. Competition
. Predation
. Temperature

. Ice Dynamics
. Spawning Habitat Suitability
. Distribution

. Temperature

. Temperature
. Timing of spring bloom
. Onshore shelf transport

. Temperature
. Prey availability
. Onshore shelf transport

. Competition
. Predation
. Temperature

. Competition
. Predation
. Temperature

Relationship to EBS Pacific cod

Increases in main predator of Pacific cod would be negative but minor predators
may indicate Pacific cod biomass increase. Increases in overall prey biomass would
be positive for Pacific cod but generalists.

Temperatures outside the 3-6 C range contribute to poor hatching success and may
impact physiological and behavioral aspects of spawning. Spring bottom
temperatures outside this range are linked to observed pre-recruits and recruitment
estimates (Laurel and Rogers 2020)

Eggs are highly stenothermic (Laurel and Rogers 2020)

Increases in temperature would increase metabolic rate and may result in rapid yolk-
sac absorption that may lead to mismatch with prey. Current direction to preferred
habitat would be positive for Pacific cod.

Increases in temperature would increase metabolic rate and may result in poor
condition if feeding conditions are not optimal. Onshore transport to nursery habitat
would be positive for Pacific cod while predation increases would be negative.

Evidence of density-dependent growth in coastal nurseries (Laurel et al., 2016)
would suggest that increases in competitors or predators would be negative for
Pacific cod condition and therefore survival. Temperature increases may amplify
risk of food availability and energy allocation (Laurel et al. 2017)

Evidence of density-dependent growth in coastal nurseries (Laurel et al., 2016)
would suggest that increases in competitors or predators would be negative for
Pacific cod condition and therefore survival. Temperature increases may amplify
risk of food availability and energy allocation (Laurel et al. 2017)



Socioeconomic Processes

*Economic Performance S N

Total catch K mt 79.06 795 64.1
Retained catch K mt 75.7 775 63.1 430 144 145
. . Ex-vessel value M $ $50.8 $50.3 $41.0 $353 $145 $15.7
L Pa| r'ed d Own ve rs | o n of Ex-vessel price b § $0.304 $0.293 $0.294 $0.334 $0.452 $0.492
Hook & line share of catch 25% 21% 17% 18% 23% 23%
o Pot gear share of catch 49% 52% 60% 55% 53% 52%
EPR IN assessment repo r't Central Gulf share of catch 61% 60% 53% 43% 47% 47%
Shoreside share of catch 90% 92% 92% 87% 88% 89%
Vessels # 4214 386 360 246 154 176
. o .
*Highlight fishery status
Avg 10-14 2015 2016 2017 2018 2019
Global cod catch K mt 1,631 1,762 1,789 1,761 1,633
° Recent < Va.l u e, > P rice U.S. P. cod share of global catch 18.5% 18.0% 18.0% 16.9% 14.2%
Europe share of global catch 74.7% 74.8% 74.9% 75.9% 78.3%
Pacific cod share of U.S. catch 97.8% 99.3% 99.5% 99.5% 99.7% -
° H H U.S. cod consumption K mt (est.) 97 108 114 118 114 106
P rol eCtI o n bOth d own Share of U.S. cod not exported 29% 26% 29% 32% 36% 37%
Export volume K mt 103.8 113.2 1053 92.8 731 65.1
. Export value M US$ $325.2  $3350  $3120 $2955 $253.4 $218.1
.Tab I es (natlonal to Export price |b US$ $1421  $1.342  $1.344 $1.445 $1.571 $1.519
Frozen volume Share 81% 91% 94% 94% 91% 92%
(H&G) value share 81% 90% 92% 92% 90% 91%
gl O b a I ) Fillets volume Share 7% 3% 3% 4% 5% 5%
value share 9% 4% 4% 5% 6% 6%
China volume Share 44% 53% 55% 52% 48% 41%
. value share 41% 51% 52% 50% 46% 40%
® F|ve year’ breakd own Of s volume Share 17% 13% 14% 16% 15% 12%
value share 17% 14% 15% 18% 17% 13%

volume Share 27% 19% 17% 17% 16% 22%

various economic metrics i value share 29% 19% 18% 18% 18% 23%




Socioeconomic Processes

*Communities

* Top communities: Kodiak
47%, Sand Point, King
Cove, Akutan combined
53% of value attributed to
GOA Pacific cod

*Engagement metrics

*Regional quotient for

processing and harvesting
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Current Ecosystem Indicators

Ecosystem
Indicators

Physics
Phytoplankton

Juveniles,
Adults

< T e O
S~ w N B O

L oo o~ W N B

Marine heatwave index spawning
Spawning habitat suitability

Bottom temperature shelf CFSR
Eddy kinetic energy

Spring bloom peak timing (satellite)
Summer copepods (EcoFOCI)
Euphausiids (acoustic backscatter)
Spring Pacific cod larvae (EcoFOCI)
Nearshore pollock CPUE (Kodiak)
Common murre reproductive success

. Condition juvenile, adult survey

. COG northeast, area occupied (VAST)
. Arrowtooth total biomass

. Adult Steller sea lions counts



Current Socioeconomic Indicators

Socio-
economic
Indicators

i ia8 Fishery
S Perform

N

N oOv &~ w

Ex-vessel value

Ex-vessel price per pound
Revenue per unit effort
Processing RQ Kodiak
Harvesting RQ Kodiak
Processing RQ small comm.

Harvesting RQ small comm.



Physics - Eddies

Courtesy Ladd

59.0°N 200

180

57.0°N 160

140

55.0°N

120

53.0°N 100

80

51.0°N o

49.0°N s

T T T 20

160°W 150°W 140°W 130°W
800. | RUCEER ERCEE SR RO TER-ONN TR OO T BECERD RO SRR SO TR [N |
- Region (d g
v - -
(| 400. ™ .f| -
E o1 | -
o 8 ; | L) t / ui’ B
0. ATL A AR, Y I B P\ AW :
. R M) e | v

RN [REAORY PR PR | 8 5 W e e Eosoae s B sl
194 1996 1998 2000 2002 2004 2006 2008 2010 2012 N4 016 2008 200



Spawning Habitat

Courtesy Laurel, Rogers

0
2 o
=
© -
.so
(dp)
= ™
3 )

i ®)
£

)
@)

C

z o~ _

= O

®

S o _
)

I I I I I I
1995 2000 2005 2010 2015 2020



BTS Condition

Courtesy Rohan, Laman
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VAST-ness

Courtesy O’Leary
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Socioeconomics
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Indicator Analysis

*1st Stage Simple Score
*Requested by SSC for ESPs in February 2020

*Based on value compared to 1 sd from mean of series
*Use +1, -1, 0 to count G/P/S then / by total indicators

*Evaluate by category and overall total

*Historical Score

*Provide a table of scores for last 20 years by category

*Provide graphic of ecosystem and socioeconomic total



Indicator Analysis - Stage 1 Score

Score

-0.2
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Overall Stage 1 Score for GOA Pacific Cod
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Covariate

Indicator Analysis - Stage 2 BAS

Summer_Bottom_Temperature GOA_Shelf CFSR_20.40cm I

Steller_Sea_Lions_Adults |

Spawning_Habitat_Suitability GOA -

Eddy_Kinetic_Energy_Kodiak_Area_ D

Arrowtooth_Flounder_Total Biomass Assessment GOA -

0.0

0.2
Effect

0.4

0.6 0.00

0.25

0.50
Inclusion

0.75

Probability

1.00



ESP Considerations

*Ecosystem Summary
*Hatch success temp dependent, decrease spawning habitat
*Population center moved northwest with sea ice retreat

*Condition varies by area, ¥ ‘¥ for juv & adult in

Shumagins

*Physical and lower T, upper stable, SE lag by ~2 years

*Socioeconomic Summary

*Ex-vessel value '3, price/pound & revenue/effort 't
2016-19

*Small community process & harvest RQ ¥ before Kodiak



|

Next Steps

*Workshops
* Advice Workshop, spring 202 |

*Create technical memorandums, guidelines for

indicator analysis, rapid template

Data and Coordination

* Continue developing dashboard on AKFIN
*Standard suite of indicators (e.g., follow ECSA?)

* Automate full, partial reporting templates

*ESP Manuscripts, overview and workshop






