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[NTEGRATED: ECOSYSTEM ASSESSMENT

Summary X7 2

e Large-scale climate indices in 2018 were mixed
e Along the equator, weak El Nifio conditions have developed
* Negative NPGO indicates weak circulation of subarctic water into the California Current
* PDO was neutral throughout 2018

* No evidence (yet) of a new marine heatwave in the north Pacific

* Regional climate and oceanography indicators also mixed
e Waters cooler than 2014-16, but remain average or above average, especially in the south
e Upwelling volume and nutrient supply within historical ranges

* Snowpack in 2018 was above average in north, generally below average elsewhere

2 2019 California Current Ecosystem Status Report | NOAA California Current IEA Team



[NTEGRATED: ECOSYSTEM ASSESSMENT

Summary AV

 Many ecological indicators were average or above average
e Zooplankton off Newport and Trinidad Head
e Densities of juvenile salmon off OR & WA; anchovy off CA

e Density and growth of CA sea lion pups; densities of fish-eating seabirds

* Not all ecological indicators were encouraging, though
e Still high densities of pyrosomes (warm-water tunicates)
* Indicators suggest poor returns of Chinook salmon to the Columbia this year

* Whale entanglements and harmful algal blooms were widespread again

 Fisheries landings and revenue greater in 2017 than 2016

e Due to hake, squid, Dungeness crab
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[NTEGRATED: ECOSYSTEM ASSESSMENT

summary {? lp A

e System is transitioning...but to what?

¢ 2014-2016 warm anomalies seem mostly to have dissipated

e But, climate indicators (weak El Niflo, weak circulation) imply below-average productivity

e Outlook for 2019
* Weak El Nino at least through spring

e Hypoxia and acidified water off of Oregon and Washington in spring and early summer

* Below-average returns of Chinook to Columbia; average returns of coho to Oregon coast
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Time series and quad plots
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Physical Conditions




Basin-scale climate indices show mixed patterns

January 2019 image
from Climate.gov

Oceanic Nino Index (ONI)

Positive ONI = El Nino conditions
Negative ONI = La Nina conditions

= Strong El Nifo, 2015-2016

Monthly ONI through December, 2018 « Neutral to weak La Nifa in

~ ﬂ P ﬂ 2017
Al A 4 4 N = Returned to neutral and
o — -- jwv - \ A R TYECEEY B AR VIR 5 w o eventually positive by late
- ‘J ¥ U 2018
o - — , S R , . | = Weak El Nifio is present
1950 1960 1970 1980 1990 2000 2010 2020 = 55% chance of persisting
Year through Spring 2019
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Basin-scale climate indices show mixed patterns

mb
S ——
North Pacific Gyre Oscillation (NPGO) o
Positive NPGO = stronger circulation, higher productivity % N B
Negative NPGO = weaker circulation, lower productivity 20N B,
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Basin-scale climate indices show mixed patterns

Negative PDO Positive PDO

Pacific Decadal Oscillation (PDO)

04
Positive PDO = warm, lower productivity 00
Negative PDO = cool, greater productivity it
Monthly PDO through January 2019 " Strongly positive from
o 2014-2016
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California Current SSTs have cooled...but are still above average

Sea surface temperature anomalies (SST,)

= QOver last 5 years, SST,
were well above average
(insets)

Winter (Jan-Mar 2018) Summer (Jul-Sept 2018)

2 ‘.r
Sy 2

T

= Cooling has occurred in
all areas since 2014-16

= 2018 winter SST, still
above average in
i California Current

" Summer SST, mixed

=  Warm with patches of cool

: coastal water
Winter SST anom (°C) Summer SST anom (°C)
=  Well above average in

Southern California Bight
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Subsurface temperatures also closer to average

Temperature anomalies at depth

n
=2 O

p— —_

Lh [

L) [
1

Depth (m)

250

200

250

alal

Newport Hydrographic Station NH25

200

50 -
£ 100 -
& 150 1

W T8 T WY M TR TSI T
| ' 1l II ,1 [ i' | LW j‘. T J" "' | |

‘ l !

CalCOFI Station 93. 3 30.0
i " 2
TR TR T § H
19'98 | | | 2002 | | | 2006 | | | 2010 | | 2{)14 | 2018
Year

Temperature Anom. (°C)

= Subsurface anomalies
of 2014-2016 have
subsided

= 2018 off Newport:
cooling above 50 m
but still warm at
depth

= Off San Diego: hot at
the surface, but
cooling at depth
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Was late 2018 another marine heatwave?

e After marine heatwave (“Blob”) of 2014-2016, we developed criteria

for the size, intensity and duration of SST anomalies to determine if 4
they are marine heatwaves that influence the West Coast

e Widespread media reports that a new marine heatwave might be

forming in the North Pacific, late 2018

 Fall 2018 event: large and intense, but short-lived; mostly gone by

December, hadn’t reformed as of February 2019

15-Oct-2018

5
-160 -155 <150 -145

-140 -135 130 -125 -120 115

12

19-Nov-2018

5 150 -145

-140 135 130 125 120 115

-4

)

Area of Warm Anomaly (km

31-Dec-2018

x10°
| , Last 6 months
DaJh\-\_f'_ LAY.aN
ol Al8 D18
I l' L
MR IREAEIN AR

« 108 Area of largest 3 warm anomalies (km2]

D Lotk L f
82 84 86 88909294 96 98 0002 04 06 08 10 1214 16 18 20

Year

09-Feb-2019

5
160 155

-150  -145 140 135

-1300 125

-120 115 - 160 1585 150 145 140 135 130 25

2019 California Current Ecosystem Status Report | NOAA California Current IEA Team



Upwelling: a new

perspective
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Low dissolved oxygen, again

Aug - Sept 2017 Aug - Sept 2018

= Hypoxia threshold: below 1.4 ml O, / L Ny 2 O
; <05
= DO values in the waters column off Newport in summer were Bis
A 15-2

the lowest observed since the early 2000s 2-25

25-3
>3

=  Hypoxia on shelf bottom in summer 2018 was more extensive
than in 2017 off Washington and Oregon

Dissolved oxygen at 50 m: NHOS
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Benthic DO maps
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Peter Frey, NWFSC
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Ocean acidification off Newport

= Aragonite: a key structural material in many invertebrates; aragonite
saturation below 1.0 indicates corrosive conditions for many species

= Aragonite in summer/fall 2018 was well below 1.0 at both stations;
values were the lowest observed in many years

Q Aragonite saturation state at 50 m: NHO05
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Ocean acidification off Newport

Saturation state

Saturation state

Aragonite: a key structural material in many invertebrates; aragonite
saturation below 1.0 indicates corrosive conditions for many species

Aragonite in summer/fall 2018 was well below 1.0 at both stations;

values were the lowest observed in many years

Aragonite saturation state at 50 m: NH05
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" 60-80% of water column is corrosive over the
shelf in the summer off Newport (solid line)
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Snowpack in 2018: above average in north, below average in central & south

Salish Sea Columbia Glaciated
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Stream flow for Chinook salmon ESUs, 2014-2018

* Max flows high/increasing for Upper Columbia; no clear regional patterns elsewhere

= Min flows below average for many ESUs, especially coastal systems and California,
though many of these have increasing trends since 2015

1-day max flow 7-day min flow @ U Columbia Sp (CG)
high but decreasing high & increasing high but decreasing high & increasing B Puget Sound (SS)

o
- ] @ WA Coast (SS)
Upper Columbia A\ U Columbia SuF (CG)

B ESUs Q:‘> W Shake R F (CU)

O L Columbia R (CU)
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<> Snake R Sp Su (CU)
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\/ OR Coast (ONCC)
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low & decreasing low but increasing low & decreasing low but increasing A sacramento W (SSJ)
| | | | | | | | | W C Valley Sp (SSJ)
-1.0 -05 00 0.5 1.0 -10 -05 00 0.5 1.0 @ C Valley F LF (SSJ)

Recent trend Recent trend
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Snowpack as of March 1%t, 2019

= California: well above median (1981-2010)
= Oregon and S. Idaho: at or above median

= Washington and Idaho panhandle: mostly below median

= Official 2019 measure will be made on April 15

= Approximate date of maximum snow accumulation R

. March 1, 2019, end of day

= Much can change between now and then - saN U E:g
, [ 125%
[_1100%
- ] [ 75%
K, 4 .'_-|1"j -50%
. ‘ \ I 5%
= Nat’l| Weather Service Drought Forecast for Feb-May B N -

= Drought expected to persist in patches of central OR and WA : M~ wel mhsl

= Recent atmospheric rivers reduced drought conditions in CA 'f-j_;;'--: s tn ey

S
P
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Ecological responses, Part 1




Copepods off Newport: looking better = Energy-rich northern

copepods had very low
..... biomasses, 2014-2016

é’ , _ Northern copepods 58 =~ &=
% (B e s . &Wﬁf h’y’vﬂ&f‘ TM ! NN
g O 7 o gV AP PRI O Since fall of 2017,

& 17 } N northern copepods have
% -2 o I I I I I I I I I I I I I I I I I I I I I I I I been hovering around
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= 1 Southern copepods V = 2

= B = But: energy-poor

O

e 05 4 .1 LD ] MJLW §
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= 'O-f 7 / in 2018
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Krill off N California: bigger, more abundant

 FEuphausia pacifica: critical prey for many fishes, market squid, birds, mammals

e Part of the 1%t FEP initiative on protecting unfished forage stocks

= Krill lengths from 2014 to

Krill length 2016 were lowest of the
20 — . . .
= Trinidad time series
S 57— vu\/\ _____ ]/ XI ﬁ% J \ \ ____________ IJ\/»\ > = Krill lengths increased in
=1 10 — e A 2017 and again in 2018,
5 within a given season
5 —
I ! I ! I ' I ! I ' I ! I
2007 2009 2011 2013 2015 2017 2019 = Krill catch rates in net

sampling off cent. CA
above avg in 2017, 2018
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Juvenile salmon catches off WA, OR ticked back up in 2018
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Forage community in Central region: anchovies ascendant

Vertical lines = temporal breaks; horizontal lines = co-occurring forage groups

Abundance is color coded from dark blue (very rare) to dark red (abundant)

X

California sealions '

Central CCE
$ | (square = “Core area”)

fsaﬂ Mwﬂi' ,sJ w—-‘-. C e o s
R,

469%
&
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= Community since 2013
adult sardine defined by juv. groundfish,
adult anchovy market SC]Uid, jUV. anchovy

deep sea smelt
CA headlightfish
blue lanternfish

= And occasional juv. sardine

24

lanternfishes

smelt .

herring = Adult anchovy increased
CA smoothtongue strongly in 2018, while
other flatfish some juv. groundfish

hake dropped

juv sardine

juv anchovy
market squid

sanddabs

= Larval anchovy also major
component of 2018 forage
in Southern Cal Bight

rockfishes
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Sea lion pups indicate better feeding conditions

San Miguel California sea lion colony (arrow on map)

Maternal feeding grounds in southern and central California (rectangle on map)

Sea lion pup count

30 ] . — - = |ndicators of forage availability
w 25 7’
e § BT A |
}? | © 15 Vi — ® = 2017-18 cohorts: high pup counts
3 1g - and above-normal winter growth
| UL = Good feeding conditions for
1999 2004 2009 2014 2019 gestating mothers, October-June
,\ Pup growth rate " Good feeding conditions for nursing
; \ 0.1 = : ya mothers, October-February
2o _§‘ ................................... LN /\
TR @0-05 m /\U ° = Preliminary data on recent
— 0 — | maternal diets: anchovy, juv. hake
I I I I I I I I I I I I I I I I I I I I I I I
005 — 1999 2004 2009 2014 2019
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Seabird counts increased for some key species

® |ndicators of forage availability

=  Shearwaters and murres: small fish

At-sea seabird densites

high but decreasing high & increasing
© 7 : : B Shearwaters NCC = Cassin’s auklets: krill
: . A Aukiets NCC
o~ — § : @ Murre NCC . .
o @ EShearwaters ccc ® Common murres increasing in central
8 o Bt © o e and south; highest observations ever
@ ; : o o
3 o ﬁ ® B Shearwaters SCC in the south in 2018
= § ﬁ O A Aukiets sce
o _ : : @ Murre SCC .
I A A = Sooty shearwaters: variable over last
& ] 5 years, but far more abundant in
' ' 2018 than 2017
v low & decreasin:g Ic:a\:mF but increasing
0 o = Cassin’s auklets signal more ambiguous
3 2 4 0 1 2 3
Recent trend = No major die-offs (“wrecks”) in 2018

" For 2" straight year!
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Ecological responses, Part 2




48

46

44

42

40

Pyrosomes were still out there

Pyrosoma atlanticum: a warm-water pelagic tunicate

Foul fishing gear, feed on planktonic organisms

2011 2013 2014 2015 Midwater off OR,
Mean per tow V: - = - pyrosomes per tow
in 2018 = second
highest observed

Densities may have
declined as 2018
progressed

_ _ Haven’t been
) -126.0 -125.0 -124.0 ) -126.0 -125.0 -124.0 ) -126.0 -125.0 -124.0 ) ‘-126.0‘ ‘-125.0‘ ‘-124.0 ) ‘-126.0‘ ‘-125.0‘ ‘-124.0 ) -126.0 -125.0 -124.0 h -126.0 -125.0 -124.0 O bse rved yet Off
Newport in 2019
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“Stoplight” table for salmon returns in 2019: mixed bag

Chinook counts at Bonneville Dam, coho returns to Oregon coast streams

" |ndicators of growing

Smolt year Adult return outlook Conditions for Iast 4 Smolt

iﬂa-:i:i;T:icatﬂm 2015 2016 2017 2018 Coho, 2019 Chinook, 2019 years |n northern CCE

PDO (May-Sept) . L L .

ONI (Jan-Jun) * o o a = Color =rank of all years
Local and regional ® Green: top third

SST anomalies L 3 L ] & ) ] O ) . .

Deep water temp . o . . Yellow: middle third

Deep water salinity & o [ ] [ ] [ ] ® Red: bottom third

Copepod biodiversity & & & &

Northern copepod anomaly & L 2 & [ ] [ ] & . .

Biological spring transition » . L L 4 L 4 " Consistent W’th below-

Winter ichthyoplankton biomass e . e ® e ® average returns of

winter ichthyoplankton community » L L L . 4 L . :

luvenile Chinook catch {Jun) & & L 2 Ch”?OOk to COIumb'a

Juvenile coho catch (Jun) & @ @ & BGSI”, average returns O_f

coho to OR coast
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Whale entanglements remain a problem

Confirmed Whale Entanglements on U.S. West Coast

by Year and Species » Whale entanglements in fishing gear

o0 were above average again in 2018
B Unidentified whale (29)

50 . .
= Confirmed reports were more widely

distributed along the coast, although
most reports were from California

m Humpback whale (190)
40 B Gray whale (110)

M Blue whale (7)

30

20 " Most entanglements: humpbacks

10

= Most gear: unidentified

[
©

O & & & & & o A H & O BN
FPFFPFS IS FP IO
e S S N S S S S e S Al = |D’d gear mostly crab

vear = Sablefish gear too (2 in 2016, 1in 2017)

courtesy Mr. Dan Lawson, NMFS West Coast Region " Atleast 1 gillnet each year since 2012
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Harmful algal blooms (HABs)

Domoic acid: toxin produced by Pseudo-nitzschia diatom
(causes amnesic shellfish poisoning)

31

Monthly max (ppm)

Monthly max (ppm)
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80

WA Coast domoic acid

2

1994 1999 2004 2009 2014 2019

OR Coast domoic acid

‘93 ‘95 ‘97 ‘99 ‘01 ‘03 ‘05 ‘07 ‘09 ‘11 ‘13 ‘15 ‘17 ‘19

Domoic acid in WA razor clams above the human
health threshold (20 ppm) in most of 2015-2017,
but safe in 2018

e Source: WA Dept of Health

OR razor clams well above the safety threshold
in 2015-2017, and again in 2018

e Source: ODFW

Numerous domoic acid-related closures in 2018
in OR and CA (bivalves, crab, spiny lobster)
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Human activities and wellb
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mt x 1000

mt x 1000

Landings through 2017: improved, but winners and losers

Groundfish, no hake coastwide
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" Landings data updated
through 2017

= 2018 data compilation not quite

complete as of today

* Landings & revenues
rebounded strongly in 2017

27.4% increase in landings,
12.3% increase in revenue
relative to 2016

Led by record hake landings,
crab, and a bounce in squid

Salmon, CPS finfish, groundfish
remained very low
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Diversity of vessel “portfolios” still decreasing

A: Vessels with West Coast & Alaska Revenue >$5K B: Vessels with 2017 West Coast Revenue >55K
24 2.4

:»isk w2017 Fleet ===1981-2017 —2017 WA>S5K ====2017 OR>55K ===2017 CA>$5K

2.2

" |ndex of how broadly and
evenly revenue is spread
across different fisheries

2.0 -

1.8

= |Lowest score is 1 = all revenue
from a single fishery

Average Effective Shannon Index

16

14 C: Vessels with 2017 West Coast Revenue >$5K " D: Vessels with 2017 West Coast Revenue >$5K - DiverSification rem ains
3y | ==—WCSSK-S25K =—=WCS$25K-5100K ===WC>$100K| 5, | ——WC<=40Feet WC 41-80 Feet ===WC 81-125 Feet historically IOW across a”

classifications of West Coast
vessels

= Sjze, state, total revenue
= [Little change from 2016 to 2017

Average Effective Shannon Index

34 2019 California Current Ecosystem Status Report | NOAA California Current IEA Team



Seafloor contact: coastwide vs fine scale

Bottom trawl contact with seafloor habitat

200 —

150 o -

100 —
50 —

1000s km

1999 2004 2009 2014 2019

= Data from 1999-2016 for trawl gear

= At coast-wide level, long-term decline in
aggregate contact between gear and seafloor
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Seafloor contact: coastwide vs fine scale

1000s km

Bottom trawl contact with seafloor habitat
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1999 2004 2009 2014 2019

Data from 1999-2016 for trawl gear

At coast-wide level, long-term decline in
aggregate contact between gear and seafloor

At finer scale, hotspots of activity:
= |n 2016 (left map, red areas)
= On average over past 5 years (middle, red off WA coast)

* Increasing 5-yr trends (right map, red areas)

2016 anomaly

2012-2016 mean

2012-2016 trend

i i
<-1-05 0 0.5>1

= [
<-1 -05 0 0.5>1

ah
N

AN,

-y |!:-
h

\:am :
R

e g

s

—

g
< B

\y,

= il
<-1 -0.5 0 0.5>1

36 2019 California Current Ecosystem Status Report | NOAA California Current IEA Team




Shifting groundfish availability differs by port = Astora

—&— Coos Bay
—o— Fort Bragg

Index of availability of groundfish to ports, based on changes in Morro Bay

stock size and distribution (from trawl survey data)

Example: petrale sole and sablefish availability to 4 ports

petrale sole sablefish
v _
@ |-= Astoria S
—a— Coos Bay O ] .
E & o FortBragg = = Petrale sole have increased, and
P [ [

S Morro Bay S “center of gravity” has shifted north
e 9 4 c I
c < : .
= 3 = Sablefish have declined, and center of
N E o gravity has shifted south
o o
c c
@ ©
g 2 - 5 = Distinct biomass patterns within 200-
£ £ 9 - :
s < km radius of each port
g - - g
= = . . e
g S o | = Can easily be modified to account for

° spatial management

I | I [ [ | I [
1980 1990 2000 2010 1980 1990 2000 2010 courtesy Dr. Rebecca Selden, Rutgers University
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Looking ahead for 2019

® 55% chance of weak El Nifio through spring

" Drought forecast through May currently limited
to parts of central and eastern OR, WA
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° g N ®  Observed Return
Looking ahead for 2019 | i -
%% 2 Spring Chinook
. : ge B il
= 55% chance of weak El Nifio through spring o Bonneviie

T T T T T T T T T T T T T T T T T T T
1993 2000 2002 2004 2006 2008 2010 2012 2014 2016
[2000)  {2002) (2004 (2008) (2008) (2010} (2012} {2014} {2016} (2018}

" Drought forecast through May currently limited
to parts of central and eastern OR, WA

200 1000 1200

Fall Chinook to
Bonneville

a00

Fall Chinook Adult Count
{thousands; 2 year lag)

400

200

= Ecosystem-based outlook for salmon

T T T T T T T T T T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010 2012 2014 ZME

= Chinook: below-average returns to Bonneville Dam

= Coho: average returns to OR coast g

= Stoplight table & related indicator-based models (B. w;'a d Coho to Oregon
Burke, NOAA NWFSC) £22 coast

= These estimates independent of the forecasts used in 5"

0.02

Council process; intent is to inform, not replace

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
(1999) (2001) (2003) (2005) (2007) (2009) (2011) (2013) (2015) (2017) (2019)

Outmigration Year
(Return Year)
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J-SCOPE forecast: hypoxia off WA, OR

= )-SCOPE model system forecasts Dissolved oxygen in J-SCOPE model region

physical and biological conditions off

Bottom Oxygen {(mg/l)

WA, OR from Jan-Sept each year M 48 1 454 e Y
16
= 2019 forecast:
- 47 - 47 - 47 B
= Warmer than average temperatures
= Bottom hypoxia (dark purple) widespread {4
by June off OR and spreading to WA by 40 - 46 46
July I
= Certainty of forecast is high until end of 45 45 45
upwelling season (July-August) ,
L 44 - 44 - 44
1
- . - 43 - 43 : - 43 - .
125 -124  -125 -124  -125 -124  -125 -124  -125 -124

courtesy Dr. Samantha Siedlecki, University of Connecticut
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= J-SCOPE model system forecasts

physical and biological conditions off
WA, OR from Jan-Sept each year

= 2019 forecast:

= QOcean acidification (values < 1.0) in
bottom waters of shelf widespread
throughout upwelling season

= Nearshore pockets of non-corrosive

48

47

water

46 -

that get smaller over course of summer

" Surface waters > 1.0 all year (not shown)

44 -

California version in development!

42
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45 -

J-SCOPE forecast: acidification off WA, OR

Aragonite saturation in J-SCOPE model region

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

courtesy Dr. Samantha Siedlecki, University of Connecticut
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Conclusions XY 2.

INTEGRATE} ECOSYSTEM ASSESSMENT

e The system is in transition...but to what?
* Climate / ocean indicators are mixed but seem to be tending toward warm and less productive conditions
e Ecological indicators are, for the most part, better than they’ve been for a few years

* Some ecological indicators still raise concerns, and we must remember to account for spatial patchiness and time lags
in species responses

e Total landings and revenues in 2017 bounced back from the “Blob” years

e Thanks in large part to record hake landings

e But, landings in many FMPs remained low (salmon, groundfish, CPS finfish)

* Indicator-based projections and analyses of shifting stock availabilities may shed further light on ecosystem
dynamics and how they influence fisheries

Toby.Garfield@noaa.gov, Chris.Harvey@noaa.gov
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