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Key takeaways from 2022:

Basin-scale climate patterns started out encouragingly for the California Current
Partly offset later in the year by local dynamics and a major marine heatwave

Food web exhibited resilience, including ongoing anchovy production in the south

Fishery landings and revenue up compared to 2020-2021
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Summary

Key takeaways from 2022:

Basin-scale climate patterns started out encouragingly for the California Current ! .:?
Partly offset later in the year by local dynamics and a major marine heatwave ’
Food web exhibited resilience, including ongoing anchovy production in the south

Fishery landings and revenue up compared to 2020-2021 tad

Mixed Ecological Signals

Base of food web and forage productive in
central and south, mixed in the north

in different regions

A
Mixed signals for Chinook salmon returns "

Good production of predators in central
and south

A strong new year class of sablefish?
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Summary

Key takeaways from 2022: &
Basin-scale climate patterns started out encouragingly for the California Current ! .:f
Partly offset later in the year by local dynamics and a major marine heatwave v ;
Food web exhibited resilience, including ongoing anchovy production in the south
Fishery landings and revenue up compared to 2020-2021 b
/ ®
Unfavorable conditions and risk factors Mixed Ecological Signals Jc

Major marine heatwave, with coastal influence
Dry spring in 2022 contributed to ongoing drought
Uptick in HABs in late 2022 in the north

Fishing portfolios continued to be less diversified

Potential constraints of offshore wind energy on fishing
& surveys are coming into focus

Base of food web and forage productive in
central and south, mixed in the north

in different regions

Mixed signals for Chinook salmon returns "

Good production of predators in central
and south

A strong new year class of sablefish?
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Month-by-month

“year in review”

Northwest A}er\/vs“[yietwork




January 2022: Encouraging physics in the North Pacific

Negative PDO + La Nina . ) e el e .
Usually means conditions will be GOOD! High Winter Precipitation in NW, Dry in the SW

Pacific Doecadal Oscillation
Coo! Phase SST Anomaly (*C)

ERE8

¥

¥

=
¥

AR RGBS

Probability (percent chance)
drier than normal equal chances  wetter than normal

BN X X WME X W INe e Xe ew X

p v ¢y - L 8 70 60 50 40 33 33 40 50 60 70 80

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

2022-23 California Current Ecosystem Status Report | NOAA California Current IEA Team




February 2022: Heatwave appears offshore, upwelling surges inshore
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March 2022: good numbers of fatty copepods off Oregon!

Northern Copepod Biomass Anomaly, 44.6 °N

> Highest value

g 2 in >10 years!
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April 2022: Cool coastal waters, but concerning signs on land

Lots of cool coastal habitat available Generally poor regional snowpack on April 1, 2022
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May 2022: Changing physics, and first look at forage

Anomalous Low Pressure Cell: heatwave
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in the South

3

moves towards coast, upwelling is disrupted Adult anchovy
’ ) \',;;kz’@,
4
SRR Adult anchovy and
3 krill catches good
5 o in the Central CCE
I
1 § LAEE EREAE RN RS AR R RS RS
S 1993 2003 2013 2023
o5
o Anchovy
-1 S
=
()
Q.
[)
o

|

25 . -4
160 155 -150 -145 140 -135 -180 -125 -120 -115

SSTa (color) SLP (contours) Wind Speed (Arrows)

B F (oA i B B o [ i ey o B T [ I i e i
1993 2003 2013 2023

May Jun Jul Aug Sep Oct Nov Dec

2022-23 California Current Ecosystem Status Report | NOAA California Current IEA Team



June 2022: Storm brings first Atmospheric River and Disruption

o 14-Jn-022 12:00:00 4 Tasty copepods have declined, much
B N earlier than normal, but are still at
55 3 average levels
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July 2022: Heatwave intrusion compresses Habitat

4 HCI summer 40-43.5 °N
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August 2022: Heatwave in full swing, Ecosystem feeling the effects
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September 2022: Late season upwelling presages DA closures
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Razor clams closed on
Quinault beaches, early Sept.,
opening of Mocrocks and Point
Grenville cancelled in Mid
Sept., northern Oregon
(OR/WA border to Cascade
Head) was closed on
September 23, and the rest of
the Oregon coast (Cascade
Head to the OR/CA border) was
closed on September 30

*Highest known recorded animal DA ~ 507,608
ng/g in feces of California Sea Lion
CIMWI-SB-22-124-CU-001 from Channel Islands
Marine Wildlife Institute (CIMWI), also large
numbers of strandings
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October 2022: More heatwave, more closures...
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November 2022: Relief from the heat, at the price of more storms
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December 2022: Downwelling and atmospheric rivers

The {Washington Post

Aleutian Low dominates; full transition to . \ ..
downwelling; heatwave persists but far offshore A truly bru.tal system: Atmospheric river
to slam California

Western US battles rain and tlooding as
‘atmospheric river’ storm hits

N

o
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Portions of northern California, Oregon and Washington could see
an inch of rain an hour, spurring mudslides and debris flows

L
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@ % Dec. 30 snowpack compared to avg for that day
9% end of season (Apr. 1) snowpack compared to avg for that day
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2022, Physical Summary: what we expected...

3 Monthly Oceanic Nifio Index

= ? N /\ A N /\ \
8 0 o A f b AR
Y VU [ J
- Generally Favorable
1093 2003 2013 2023 Cool Coastal Conditions
Monthly Pacific Decadal Oscillation Index ;‘.’cmc soew’rdcl S:;”?’ °: sti . .
o e B Cumulative Upwelling
o Like what we expected
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4 Monthly North Pacific Gyre Oscillation Index /_/\__,/—\, Total looks
3 s —  “average”
g O "v‘f\,WMV/\MW g d MW -,’y’
Z 2 for 2022
e
1993 2003 2013 2023
Broad-scale indices
were encouraging | {lg
—_— 2019 2020 —_— 2021 — 2022
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2022, Physical Summary: What we got...

Atmospheric Anomalies
(Strong summer Aleutian Low)
14-Jun-2022 12:00:00
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Disruptions to system (heatwaves, etc.),
mostly to the North
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Connecting some dots

in the food web

Matthew Savoca




Indicators of May/June feeding conditions varied from North to South

p! ) 4

4
i\ |'I sea nettle
|
J " -
i f yearling chinook 5 Northern copepods
AR R o g 2 Q L4
/ ~ North * Shift in pelagic community Juvenile sockeye f
4 ¢ composition, including some yearling coho 0
/ . . .
L_\___ f warm/offshore species Iijvenicichum 1
/ ’7»_______11___—__ subyearling chinook -2 — T T T T T T T T T
1 /,.. « Springtime drop in fat-rich yoy sablefish 2013 2015 2017 2019 2021 2023
{ . I B moon jelly
N\ copepods; average krill indices I t
¥ N\ / ) 9 Sooty shearwater
\ \_\ II| water jelly s .
\ \\ i * “Bird desert” offshore in spring pompano W T Mf\_—;-’--\;! .
SR, \‘J egg yolk jelly 2
B {
> l.;‘\ 1993 2003 2013 2023
: !
L
130 30 731 10/31
45°N

Sustained weak upwelling and
even downwelling occurred off
Newport in spring

CUTI(m?s™")

(surprising for La Nifia and PDO-)
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Indicators of May/June feeding conditions varied from North to South

g
f
f
|II
| 6 /
e |
¢
f
— {
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23

No significant pelagic community
shifts in either region

Anchovy remain very abundant;
average to good catches of many
other groups

Better upwelling conditions

Centra\

South

sardine
anchovy
myctophids
krill

yoy sardine
yoy anchovy
market squid
yoy hake
octopus

yoy sanddabs

yoy rockfishes

northern lampfish
rockfishes

eared blacksmelt
market squid
English sole
slender sole
sanddabs

sardine

hake

croakers

Pacific mackerel
Jack mackerel
southern mesopelagics
CA smoothtongue
anchovy
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Indicators of May/June feeding conditions varied from North to South

24

No significant pelagic community
shifts in either region

Anchovy remain very abundant;
average to good catches of many
other groups

Better upwelling conditions

Centra\

South

sardine
anchovy
myctophids
krill

yoy sardine
yoy anchovy
market squid
yoy hake
octopus

yoy sanddabs

yoy rockfishes

northern lampfish
rockfishes

eared blacksmelt
market squid
English sole
slender sole
sanddabs

sardine

hake

croakers

Pacific mackerel
Jack mackerel
southern mesopelagics
CA smoothtongue
anchovy

e
£
2] ;'" |
Anchovy observations RN
consistent with results N T

from June CPS survey: = .! E ) :

Species

Pacific herring

3.000.000 4 Anchovy (central)
Anchovy (northermn)
Round herring 9
Sardine (northern)
Sardine (southern)

2,000,000 4 Pacific mackerel
Jack mackerel

K_I !l-.iiii
2009 2011 2013 2015 2017 2019 2021 2023

Biomass (t)
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Anchovy production continues, and

Brandt's cormorant

2 —
° ° = 1 —
is supporting a lot of predators S
5 K
% .2 - T T T T T T Ll
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= Common murre .
B 05 — Rhinoceros auklet
S o0 4 0.4
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25 Pup weight (Sept) 015
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10 T T T IRAREEREEEE 0.00 L L L R R R R R R |

T T
1993 2003 2013 2023

%
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Proportional abundance of
anchovyin swordfish diet

0.6

a5

y -
Cerltral Valley fall ot 0.3 3 / +
Chinook salmon?

2008 2013 2018 2023

Several hundred anchovy from a
single bluefin tuna stomach
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Salmon signals are mixed by life history, region and life stage

26

Northern California Current stoplight table
(Columbia Basin Chinook, Oregon coho)

Indicator

Smolt year
2012 2014 2016 2018 2020 2022

BASIN

SCALE

PDO (Dec-Mar)=
PDO (May-Sep) -
ONI (Jan-Jun)-

1 1 L | 1 i 1 1 1 1 |

LOCAL
PHYSICAL

SST (May-Sep)

Upper 20m T (Nov-Mar) -
Upper 20 m T (May-Sep)
Deep T (May-Sep) -

Deep salinity (May-Sep) -

LOCAL
BIOLOGICAL

Copepod richness (May-Sep)

N copepod biomass (May-Sep) -

S copepod biomass (May-Sep) -

Biological transition (julian) -

Nearshore ichthyoplankton (Jan-Mar) -
Ichthyoplankton community index (Jan-Mar)
Chinookjuveﬁﬂe CPUE (Jun) —

Coho juvenile CPUE (Jun) -

Mismatch between basin-scale and local physics
in spring and summer 2022

Those conditions will influence coho returns in 2023
Signals from smolt year 2021 were more positive,

which is encouraging for Chinook returns to the
Columbia Basin in 2023 (see Appendix J.2)
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Salmon signals are mixed by life history, region and life stage

Klamath River Fall Chinook

Smolt year 2022:
e worst conditions of the time series

* below-average freshwater conditions
* below-average marine conditions

Indicator Smolt year
2012 2014 2016 2018 2020 2022
1 1 1 1 1 1 1 1 1 1
Spawners -
Ml(?g:ﬁm { Fows ™
Temp.U -
Flows.| —
INCUBATION Temp.!
5 | |
Flows.O - ]

SDFiow.O
FW & DELTA -

Temp.O o
Max flows -~

{ Releases - ] O

HATCHERIES FW.Timing —
M.Timing =

SSTarc - m
EARLY >
MARINE -

Krit -~
27

Sacramento River Fall Chinook

Smolt year 2022:
* mixed overall conditions

* below-average freshwater conditions
* average marine conditions

Indicator Smolt year
2012 2014 2016 2018 2020 2022
' 1 11 1 ' 11

Spawners -
ADULT CChannel F i}
MIGRATION Flows.U

Tempu -~ .
Fiows! [l
INCUBATION Temp.| ] o

FW.surv

Flows.O -

Deita

SDFlow.0 -

FW& DELTA Precip
Temp.O -

CChannel S -

5

Releases - :
HATCHERIES o]

<V
Central Valley Spring Chinook

Smolt year 2022:
e 3rd worst conditions of the time series

* below-average freshwater conditions
* below-average marine conditions

Indicator Smolt year
2012 2014 2016 2018 2020 2022
1 - 1 1 1 1 1 1 1 1

Spawners —
ADULT Flows.U o
MIGRATION FlowsH - [l Il
TempH - [l
PrespwnM - Il |}

Flows.|
INCUBATION Temp.| }
FW.surv
Flows.T -
Flows.O
Delta -
SDFiow.0
Precip =
Temp.O |
CChannel S

FW & DELTA

Netpen

Releases -
HATCHERIES
FwTiming 4 W
M.Timing -

SSTarc |
NP1 |
NPGO -
Predation -

EARLY
MARINE
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Other notable ecological information

Groundfish:

Trawl survey data and modeling analysis point to potential
big year class of sablefish from 2021

Consistent w/ expectations from 2021 sea level indicator!

Dover sole Sablefish

1.00 A 1.00

0.75- 0.75 ’
s 0.50 1 0.504
ko]
£ 0254 0.254
®
g 0.00 1 0.00+1
2 Longspine thornyhead Shortspine thornyhead
-Q - -
P 1.00 1.00
$ 0751 0.75-
>
=
= 0.50 A 0.504

0.25 1 0.254

OOO L T T T T 000 1 T T T T

2005 2010 2015 2020 2005 2010 2015 2020
28

Highly migratory species:

Close proximity of warm water to productive
upwelling cells may have boosted HMS catches

Habitat compression
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Other notable ecological information

Confirmed whale entanglement reports: Pyrosomes:
* Remained above pre-2014 levels, but off *  Warm water pelagic tunicates

from the peaks
* Highest catches off Monterey Bay

since sampling began in 1983

* No confirmed reports in 2022 attributed to
(even greater than during “Blob”)

sablefish fixed gear or large-mesh drift
gillnet gear

NOAK FISHERIES MMHSRP PERMIT ¥ 18786-06

* Data still preliminary

N
60 |
% 50 1 ]
£ {/ / 4 Pyrosomes
W 40 S w e, N
& { ™ =) P PP A
e 30 & / o 0 s N ﬁ +
: \ | O
@ N -4
Ezo \\\‘_‘f Il|IllllllllIIIIIIIIIIIIIUIIIIIIII
£ 4 = \ 1993 2003 2013 2023
: il e
o T
D dihakailkill —
D NN D N OONDDOAND S 0N DO O .o
N A AN NN NN NN Y
FETTTLTTITTIITISTISTFPP
Year
m Humpback Whale (n=245) m Gray Whale (n=129) Unid/Other (n=39) m Blue Whale (n=7)
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Human activities and
wellbeing




Fishery landings increased in 2022, in total and in most harvest groups

mt x 1000 mt x 1000 mt x 1000 mt x 1000

mt x 1000

600 Total fisheries coastwide o 40 Salmon commercial coastwide
e e e = A /V\ N N . . .
300 * 2 sEas o e _ Commercial landings increased
o en
a £ 0 e ot qo : :
1983 1993 2003 2013 2023 1983 1993 2003 2013 2023 i 11% in 2022 relative to lower levels
in 2020, 2021
150 Non-whiting groundfish coastwide o 400 Pacific whiting coastwide ) ) ) )
_ S e /\/"“\/”‘ﬂ/\/\//i N * Fisheries that increased in 2022
78 EEECEEIEEC T EEI T CFPEETTPPPREETE = e ~ 7 Y ¥ shaded green
S LU PUmUmUUT LU UL U UL UTUSURUT UL UL LTI
1983 1993 2003 2013 2023 1983 1993 2003 2013 2023 * Increases mostly observed in Oregon
150 Coastal pelagic spp-no squid coastwide o 60 Highly migratory species coastwide and California
A S
N — = =
7 SIS D S 0 FL\ e
1983 1993 2003 2013 2023 1983 1993 2003 2013 2023
150 Market s/(juid coa/Siwide P g8 60 Shrimp coastwide/\ P »
o N ° N
75 % """"""" . /\\v/\/»\/\/\- ® < 30 3 ----- /\J\/\v/\,_/'\,- ° Recreational data not yet
0 E 0~ e complete, but late-arriving data
1983 1993 2003 2013 2023 1983 1993 2003 2013 2023 now suggest 2022 was at least
60 Crab coastwide = Other species coastwide similar to 2021
NS .
30 % T RN NSRS g x * Salmon and CA HMS still being
O E R e e e R R RN R e H H
inalized
1983 1993 2003 2013 2023 1983 1993 2003 2013 2023 fi

31
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Fishery revenue also increased in 2022 for most harvest groups

Million $ Million $ Million $ Million $

Million $

100
50

100
50
0

Commercial fisheries coastwide Salmon coastwide
SVAN — BN il 400 N
S=——escasaastoasEE S| 5 200 \/\ ° Commercial revenue increased
s 0 T T TT T ST o T T T I T I T T Cr T ~1N0/ § .
1983 1993 2003 2013 2023 1983 1993 2003 2013 2023 10% in 2022 relative to 2021
o ) . N ) * Based on available data
Non-whiting groundfish coastwide » 100 Pacific whiting coastwide
/\,\/\,\/\ A A o [Ci . . .
ﬂ .................... v | = 5 50 o Y h\/- — Fisheries that increased in 2022
= o #mwwm shaded green
1983 1993 2003 2013 2023 1983 1993 2003 2013 2023 | v ob dino
* Increases mostly observed in Oregon
Coastal pelagic spp-no squid coastwide » 200 Highly migratory species coastwide and California
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Fisheries constraint? Diversification is declining, in more ways than one

Concept: greater diversification of fishing portfolio may increase average revenue
and reduce yearly revenue variability; possibly greater resilience to shocks

Diversification of number of species groups harvested has
declined steadily for decades on West Coast:

A: Vessels with West Coast & Alaska Revenue >$5K B: Vessels with 2021West Coast Revenue >$5K
2.

——2021 WA$5K ~——2021 OR>$5K ==-2021 CA>$5K

Average Effective Shannon Index

—>85K w=2021 Fleet - =-1981-2021

C: Vessels with 2021 West Coast Revenue >$5K
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Fisheries constraint? Diversification is declining, in more ways than one

Concept: greater diversification of fishing portfolio may increase average revenue
and reduce yearly revenue variability; possibly greater resilience to shocks

Diversification of number of species groups harvested has Temporal diversification spre.a ding e.ffort and revenue
, , throughout the year—had been increasing, but has generally
declined steadily for decades on West Coast: , .
decreased since the mid 2010s:

A: Vessels with West Coast & Alaska Revenue >$5K B: Vessels with 2021West Coast Revenue >$5K A: Vessels with West Coast & Alaska Revenue >$5K B: Vessels with 2021 West Coast Revenue >$5K
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Fisheries constraint? Potential spatial overlap with Offshore Wind Energy

NMFS/CCIEA and ODFW researchers have collaborated to develop OWE
“suitability scores” for 2x2 km pixels in the Call Areas off southern Oregon

* Scores consolidate revenue and effort information from 9 fisheries, 2011-2020

* High score (blue) [1 more “suitable” for OWE development

High levels of fishing activity (= low OWE suitability) in both Call Areas, particularly
between depths of 200 m to 500 m

Albacore At-Sea Whiting Dungeness Crab
104 2409 7.51
Relative 1.57 5.0 L
Suitability 51 o1 254
& 0 ? " : . 0.0 . . . . ' . ' :
! 0.005 “é 2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
0.25 Temp or al vari ab' II ty In over I ap E Groundfish bottom trawl Groundfish longline Groundfish pot
. . . . . 3 100 4000 4
0.50 is likely, for multiple fisheries 5 5] psscll 200,
& 5071 2000 - 100
0.75 S 251 1000 - 50 -
. 1.00 % 20I05 20'10 20'15 20‘20 20'05 2010 20'15 2020 20I05 2010 20‘15 2(3;20
::c': Pink Shrimp Shoreside Whiting
" 10 03]
Analyses of impacts on NMFS ﬂ“ 021
54 0.1+
surveys are underway —— 2yt | olesatessed .
2005 2010 2015 2020 2005 2010 2015 2020
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What can we expect

in 20237

Jlohn-Pohl NOAA




2023 Physical forecasts:

Vsl

Fantastic, if not record-breaking

*although 2022, we also saw a lot of early
snowpack but followed by drought...

U.S. Seasonal Drought Outlook i :
Drou_ght Tendency During ge Valid Period vaml""ef‘l’era'gae:ic geLru»:;’ g;.' ;ggg

Consistency adjustment
based on Monthly
Drought Outlook for
March 2023

- | snow Water Equivalent
| Percent NRCS 19981-2020

sffected by shart ived events.
“Ongoing” drought sress are
besed on the U_S. Drought Monitor
aress (intersities of D1 1o D4).

NOTE: The tan areas imply st least
2 1-cstegory improvement in the
Drought Monitor intensity levels by
the end of the period, sitiough
drought willremain. The green
‘areas imply drought removal by the.
end ofthe period (DO or none).

- Drought persists
Drought remains butimproves

Snow water equivalents as of
March 5, 2023 punor.

NOAA/NWS/NCEP/Climate Prediction Center

|77 Drought removal likely
x=] a Drought development likely
Drought outlook as of T | @
February 28, 2023 D http:llgusa.govl3e273
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Percent Chance (%)
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2023 Physical forecasts:

Official NOAA CPC ENSO Probabilities (issued Feb. 2023)

100 based on -0.5°/+0.5°C thresholds in ERSSTv5 Nifo-3.4 index

_— I La Nina
90 [ Neutral
| I El Nino
80
70
60
50
40
30

20

10

0 _

JFM FMA MAM AMJ M) JA JAS ASO SON
Season

Headed toward ENSO neutral or El Niio (highly likely
one of the two, but low confidence as to which one),
two additional Models, however, do predict higher
likelihood of El Nifio (UK met and German Institute
Climate Research)

Less “negative” PDO, but PDO will likely
follow ENSO signal (2-4 month lag)

standardized PDO index

15 IC=Fob2Q23

25

1.5

0.5

-0.5
-1

-1.5 A/
-2

-3.5
MG SEP OCT  NOY  DEC  JAN  FEB  MAR  APR  MAY JUN JUL  AUG SEP OCT  NOV  DEC
2022 2023

—CFSv2 Forecast ensemble mean

CFSv2 Individual forecast members Obssrvations
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2023 Physical forecasts:
High probability of heatwave

Heatwave still there, persisting in offshore region
but diminished and far offshore

Feb-25-2023

Lead time = 6.5 months (07/2023)

+0.5 +15 +25 +35 +45 +55 +6.5 +75 +8.5 95 +105 +11.5

Average Global Sea Surface Temperature, 1880-2020

Departure from normal (°C)

2.0
1.5
B
L 1.0
= /N
< /
25 L f L L ' L I L _8 £ os A 'w”
-160 -155 -150 -145 -140 -135 -130 -125 -120 -115 = N/ AV
Sea Surface Temperature Anomaly o o --iReftauenge ALY
3
T -os
Q
o
£ 1.0
o

Reminder, this is all happening
on top of the |ong term trend Eean nmup  nem) emm samw Do Gmed | Eba

Year

Data source: NOAA (National Oceanic and P 2021.E reconstructed sea
(ERSST.v5). Accessed February 2021.
www.nede.noa: o c

surface temperature

onstructed fac

For more information, visit U.S. EPA's “Climate Change Indicators in the United States” at www.epa.gov/climate-indicators.
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@ J-SCOPE model forecasts warmer than normal temperatures

Jan-Feb Mar-Apr May-jun qu-Aug

i 4
49 %@4 - g : §.~4 \ "- Warmer than normal in the
N P - Y | late spring and summer
48 - |
Relatively low uncertainty,
47 | summer is known to be
biased towards too warm,
46 1 however.
Upwelling (not shown) is
91 expected to be slightly lower
than the climatological
441 average

-126 -124 -126 -124 -126 -124 -126 -124

Courtesy of Dr. Samantha Siedlecki, University of Connecticut; http://www.nanoos.org/products/j-scope/forecasts.php
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J-SCOPE model forecasts early, strong hypoxia on northern shelf

J-SCOPE ensemble forecast of benthic DO,
from model runs conducted in January:

48

47

46

45

44

43

i 48
- 47
| 46
- 45
- 44

- 43

48
- 47
1 46
- 45
- 44

- 43

Bottom Oxygen (mg/l)

Dissolved oxygen in 2023 is
forecast to be lower than average
in bottom waters off of Oregon
and Washington

Widespread hypoxia (<2 mg/L) is
forecast to occur earlier than
average, relative to recent years
= May in Oregon

= July in Washington

High uncertainty due to
disagreement in model ensemble
members

Courtesy of Dr. Samantha Siedlecki, University of Connecticut; http://www.nanoos.org/products/j-scope/forecasts.php
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Conclusions

= JeffHarris, NOAA-(Permit #NMFS 22678)




Summary and synthesis

Ecologically, 2022 was a mix of met and unmet expectations
e  Basin-scale drivers foretold good ecosystem productivity
e  That played out more in the Central and South than the North
e Local upwelling / downwelling and a major marine heatwave played big roles

e Inertia in the food web from lag effects and surprising or resilient species
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Summary and synthesis

Ecologically, 2022 was a mix of met and unmet expectations

e  Basin-scale drivers foretold good ecosystem productivity

e  That played out more in the Central and South than the North

e Local upwelling / downwelling and a major marine heatwave played big roles
[

Inertia in the food web from lag effects and surprising or resilient species

Fishery landings and revenue improved overall in 2022

®  Across several species groups, particularly in Oregon and California
e  Better understanding of potential overlap with offshore wind energy off Oregon
[ J

Fishery diversification has declined for both species caught and weeks on the water

2023: ENSO neutral and continued warm water?
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Summary and synthesis

Climate change is leading to more mismatches between expectations and observations

Appendix E (the “Climate Change Appendix”) conversation continued...
GOAL: use indices to provide forecasts of various ecosystem properties
Reduce the issue of mismatches through mechanism

* What indices do we have that could be used towards this goal?
* How might we “operationalize” such indices?
* What are our paths forward with the ESR?
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Summary and synthesis

We are enthusiastic about FEP Initiative 4, as a clear parallel to the ESR

* Ideas and expertise around indicator screening, stoplights, advanced data analyses
* Tools and concepts outlined in the Climate Change Appendix

*  Ensuring complementarity and manageable workloads for analysts

* Reciprocal ideas for how to align and improve future ESRs

“Risk Table” derived from Dorn and Zador (2020)

Information sources

Assessment-related Population dynamics Fishery Performance

Level 1: Typical t_o modgrately mcreasefi SOk enda e icalfor the stoc recer No apparent environmental and/or lo apparent ﬁshery/resouu:ce-use

uncertainty/minor unresolved issues X BREOeT ecosystem concerns relevant to the erformance and/or behavior
Normal 5 recruitment is within normal range.

in assessment stock oncerns
Level 2: Stock trends are unusual; abundance - ) o )

. AT 3 > : Some indicators showing adverse ome indicators showing adverse

1B ELEN I Substantially increased assessment  increasing or decreasing faster than has 5 . | 2
H d uncertainty/ unresolved issues. been seen recently, or recruitment pattern signals forithe stockbut the pattern st ignal RS RERSIIR,
lnicrease & 4 not consistent across all indicators. onsistent across all indicators.

concerns is atypical.

Multiple indicators showing consistent Aultiple indicators showing
adverse signals a) across the same onsistent adverse signals a) across

Major problems with the stock

Level 3:
assessment, very poor fits to data,

Stock trends are highly unusual; very rapid

Concern Level

Major high level of uncertainty, strong :r:;i:f::csrz:;ae::ngtat:t:ls orhiEdly trophic level as the stock, and/or b) up  ifferent sectors, and/or b) different
Concern retrospective bias. P 2 or down trophic levels from the stock  ear types

Severe problems with the stock Stock trends are unprecedented. More rapi e anp malles muitple 3 e <

3 2 ecosystem indicators that are highly xtreme anomalies in multiple

assessment, severe retrospective  changes in stock abundance than ever seer 3 5 S

e e e A e e likely to impact the stock. Potential for  erformance indicators that are

unre'liable :,ecruitm:;n comryaredgto reviousp atternd cascading effects on other ecosystem ighly likely to impact the stock.

= P B P " components
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Fisheries resilience? Connectivity between fisheries

Index of Economic Dependence on Salmon (2016-2021)

49

Salmon-Based Vulnerability

0.00 0.25 0.50 0.75 1.00

Low  Resilience Index (2016-2021)  19h

N Within port groups, greater levels of participation in
Refatively multiple fisheries may build resilience against revenue
adaptable drops in one fishery
* Horizontal axis: recent (2016-2021) vs. historic (2004-2021)
resilience
Bodega Bax
* \Vertical axis: recent vs. historic index of dependence on salmon
. revenue
Puget Sound
Montere;
Columbia River WA Goast * Quadrants reflect the relative vulnerability or adaptive potential
_— of a port group to a shock in salmon fishing
lewpo
Fort Rragt:u )
Morro Bax DTS P fura
North WA Coast Coos Bay groundistiey, Crab ) o
. Eureka \ ] Example fishery participation network:
B"::l‘;'n.":f ‘mm Bodega Bay, based on 2020/21 revenues
Latent gita Buvara ca
sk

(15)
Non-
DTS
groundfish
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Stream temperature (°C)

50

Salish Sea & WA Coast

LN L L L L L L L |

1993 2003 2013 2023

Columbia Glaciated

Mean maximum August stream temperatures
U increasing in nearly every freshwater

1993 2003 2013 2023 ecoregion over last five years

Columbia Unglaciated

2022 generally warmer than previous 2-3 years
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Proportion of albacore diet
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@ J-SCOPE model forecasts slightly higher primary production

48 -

47 -

46 -

45 -

44 -

10m integrated Chlorophyll-a

Jan-Feb Mar-Apr May-jun Jul-Aug
| o : g ! e ! by

P b ; 3
@ 9 \}49— \Yg« \
48 48 - )
11
47 . 147 |
' {o
46 46
1 -1
45 45
-2
44 44
3

-126 -124 -126 -124 -126 -124 -126 -124

Generally higher than average
primary productivity

High uncertainty in early months/
low chl-a levels

Higher certainty later in season,
during higher chl-a levels

Courtesy of Dr. Samantha Siedlecki, University of Connecticut; http://www.nanoos.org/products/j-scope/forecasts.php
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1.5
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J-SCOPE model forecasts more corrosive waters on the bottom

Aragonite on the bottom is
expected to be undersaturated (i.e.,
more corrosive) throughout the
upwelling season for most of the
bottom waters in the region

surface waters are expected to be
supersaturated throughout the
season

Courtesy of Dr. Samantha Siedlecki, University of Connecticut; http://www.nanoos.org/products/j-scope/forecasts.php
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Summary and synthesis

Ecologically, 2022 was a mix of met and unmet expectations
e  Basin-scale drivers foretold good ecosystem productivity
e  That played out more in the Central and South than the North
e Local upwelling / downwelling and a major marine heatwave played big roles

e Inertia in the food web from lag effects and surprising or resilient species

Stability in
— 1 “Ecosystem State Index”
from 2020-2022

Z

Trend value

1980 1990 2000 2010 2020
Time
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