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SUMMARY [ipF2

INTEGRATED ECOSYSTEM ASSESSMENT

Climate drivers rebounding from the major warm events

One of the largest El Niflo events of the past 100 years occurred in 2015-2016;
yet its impacts on the West Coast were remarkably small

Following the climate “stress test” of very warm water, the El Nifio and low
productivity, most of the large-scale climate indices for the Northeast Pacific
(ONI, PDO and NPGO) returned to relatively neutral values in 2016

Upwelling in 2016 ranged from average (north) to above-average (south)

Precipitation increased from record lows and drought in 2015 to average levels
last year; on pace for even greater rainfall and snowpack in 2016-2017



SUMMARY, CONTINUED ) fER

INTEGRATED ECOSYSTEM ASSESSMENT

Ecology of the system lagging behind climate shifts
Copepods off of Newport remain dominated by energy-poor species

Forage community was diverse (again) in 2016. Poor survey catches of sardine, squid,
krill; large but patchy survey catches of juvenile rockfish, juvenile hake, anchovy

We remain concerned about environmental conditions for Chinook and coho salmon that
went to sea over the past several years

California sea lions at San Miguel had poor foraging conditions in 2015; preliminary
evidence suggests improvements in 2016

Changes in fisheries

Commercial landings and revenues declined markedly in 2015, driven by hake, CPS,
crabs*

Recreational removals have been near historic lows, but show signs of increasing in some
areas and target species since 2008

Gear contact with seafloor in 2015 was historically low, due to reduced bottom trawling
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Goodbye Blob and El Nino;
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Basin-scale climate indices have shifted
Oceanic Nino Index (ONI)

= Related to upwelling, coastal currents, storm tracks
= Positive ONI = El Niflo; Negative ONI = La Nifa
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= Became strongly positive in 2015-2016

—
-
B
>

 —

-

= Shifted to neutral or slightly negative by late 2016 " m.",MT°m"f”"“'°""‘:"‘5 ,‘ /
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Basin-scale climate indices have shifted
Pacific Decadal Oscillation (PDO)

= Related to sea surface temp and productivity in CCE

= Positive = warm, less productive; Negative = cool, more productive
= PDO had been strongly positive since 2014

= Shifting between neutral and positive by late 2016

Monthly Pacific Decadal Oscillation Index
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Basin-scale climate indices have shifted
North Pacific Gyre Oscillation (NPGO)

Related to sea surface height, circulation

Positive = strong circulation, higher productivity; Negative = weaker, lower productivity
Strongly negative in 2015

Shifted to neutral for much of 2016

Monthly North Pacific Gyre Oscillation Index
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Sea surface temperatures in 2016

 the demise of the anomalous marine heat wave
* no strong El Nino signal along West Coast

Jul-Sep 2016 SST anom
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Upwelling in 2016: .\ -~ 2 LT
a mixed bag

CuIx10*
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Northern region: early downwelling,
then average upwelling
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Central region: early downwelling,
then above average upwelling
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(note y-axis; this region has the strongest
upwelling)
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Southern region: average until
summer, then above average
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Salish Sea and WA Coast
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Snowpack is

rebounding
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Precipitation rebound is
due to atmospheric rivers

Percent of Average Precipitation (%)
\ 10/1/2016 — 1/21/2017
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Generated 1,/23/2017 at WRCC using provisional data.
table water (mm) ’ ‘ NOAA Reqgional Climate Centers

recipit

Atmospheric rivers are sinews of moisture from the tropics. The one pictured here
appeared over the Northern Pacific on Jan. 3, 2017. (NOAA)



Lingering and lagging effects
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NOAA biologists sort pelagic red crabs,

which were unusually abundant off
Central California in 2015-2016
(John Field, SWFSC)
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Northern copepod

biomass anomaly

e “Northern” copepods are
cool-water, lipid-rich species

* Since late 2014, less-fatty
“Southern” copepods have
dominated, which is not
ideal for forage fish and
their predators

* Northern copepods typically
lag PDO shifts by ~¥6 months
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What do these indicators mean for salmon?

* Peterson (NWFSC) et al. have related indicators to conditions for coho & Chinook
salmon as a “stoplight chart”: Poor, , and good

e Many high-ranking CCIEA indicators included

* Broadly predictive for Columbia River region; outlook for 2017 returns is not good

Smolt year Adult return outlook
Scale of indicators 2013 2014 2015 2016 Coho, 2017 Chinook, 2017
Basin-scale
PDO (May-Sept) [ | [ | o o
ONI (Jan-Jun) [ | [ | o [
Local and regional
% L3 SST anomalies [ | [ | o o
1l Deep water temp [ | [ | [ | ()
Deep water salinity [ | [ |
Copepod biodiversity [ | [ | [ | o o
@ Northern copepod anomaly [ | [ | [ | [ | o o
=== Biological spring transition [ | [ | [ | [ | [ o
Winter ichthyoplankton biomass [ | [ | [ | o [
Winter ichthyoplankton community [ | [ | o o
Juvenile Chinook catch (Jun) [ | o o

Juvenile coho catch (Jun)




What do these indicators mean for salmon?

Physics Primary production Forage
Strength of NPH

Poleward transport events from GoF ﬁ Retention of krill in GoF

Coastal upwelling in

Nutrients on shelf and shelf break

Abundance of rockfish on shelf

Spring transition to more consistent,
deeper upwelling

H Introduction of nutrients
v Condition and production of krill

Spring increase of primary on shelf
production

shallow deep

Rockfish feed on krill and krill eggs

/

2015

Pt Arena

Pt Reyes

winter
Primary productivity on Growth and production of krill on
| _Winter —§ § Sh‘?'Vfr . - I shelf during winter
Spring

123w

GoF

Chinook salmon

Salmon emigrate to shelf

Predation

Cohort survival

Freshwater

conditions

California, USA
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Wells (SWFSC) et al. have taken similar “stoplight” approach for Central Valley Fall Chinook salmon,

but using a conceptual model based on salmon life history



What do these indicators mean for salmon?

Streamflow anomaly time series through 2016, at the scale of Chinook salmon ESUs

Recent average

Some ESUs experiencing increasing magnitude of spring max flow events

Many ESUs had worsening trends for low-flow periods in summer/fall, esp. in CA
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Forage through 2016

North: age 1+ anchovy, sardine were very
low; jack mackerel were increasing

But, in a related survey in same region:
* I anchowy, juv rockfish, juv hake

o J krill, P salps

Average (In(CPUE+1))

N T T CI
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Recent average
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Y/ Jack mackerel
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W Market squid
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Forage through 2016

Average (In(catch+1))

Central: age 1+ anchovy, sardine very low

M juv rockfish, juv hake

J market squid, krill
Abundant salps, pelagic red crabs

_‘.o..nrum

Adult sardine

Recent average

-2

-3

Central California Current

High but decreasing

High & increasing

Low & decreaging

Low but increasing

I
-3

1992

I
1995

T
1998

) [ G P e
2001 2004 2007

year

I
2010

T
2013

I
-2

I I
-1 0 1

Recent trend

T
2

T
3

W Adult sardine {
A Adult anchovy )

@ YOY Hake

YOY Rockfish )
YOY Sanddab \

Krill
M Aurelia
Chrysaora

B Market squid
A
A




Forage through 2016

North: age 1+ anchovy, sardine were very
low; jack mackerel were increasing

But, in a related survey in same region:
* /I anchowy, juv rockfish, juv hake

o J krill, P salps

Central: age 1+ anchovy, sardine very low
™ juv rockfish, juv hake

J market squid, krill

Abundant salps, pelagic red crabs

South: Of the four species analyzed
through 2016:

e sardine and hake catches were low
* /M anchovy, { market squid

Recent average
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Vermilion rockfish
(Dan Hershman)




Chinook salmon escapement trends

Through 2015 for CA, 2014 for WA, ID and OR

Most stocks near long-term averages; Snake
River Fall Chinook above average

Trending up: Snake R. Fall, Snake Spr/Sum,
Lower Columbia

Trending down: Central Valley Winter

Several stocks that were trending up in last
year’s report are now trend-neutral, thanks to
poor escapements in 2013, 2014 and/or 2015

e Central Valley Fall

e Klamath Fall

* CA Coastal

* Northern CA/Southern OR

Recent average
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Groundfish

No new info; new assessments coming in
2017

Most stocks at or above biomass target,
below proxy for heavy fishing mortality

2 overfished stocks, 3 rebuilding stocks

Only two stocks being fished above F,,q,
(both black rockfish)

2015 and 2016 may prove to be good year
classes

YOY Canary rockfish in 2016
near Olympic Peninsula
(Janna Nichols, REEF)
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Commercial albacore fishing on
the F/V Her Grace off Astoria

(Craig D’Angelo, NOAA) &
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Commercial
revenue

Total revenue dropped in 2015,
driven by crab, squid, hake

CPS, salmon and HMS fairly
stable over last decade, though
down slightly over past few
years

Groundfish low, stable
Shrimp continued to increase;

shrimp + crab = 40% of total
commercial revenue in 2015

(all data adjusted to 2015 dollars)
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Recreational take through 2015
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Social vulnerability in
fishery-dependent
coastal communities

Composite indexes of fishing
dependence and social vulnerability
for 880 coastal communities

Top five fishing dependent
communities from WA, OR, N CA, C
CA and S CA are shown here,
updated through 2015

Gives relative idea of how changes
in fishing might affect overall
community wellbeing

Commercial Fishing Dependence (2014) = = = = \/ulnerability Index (2015)
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Social vulnerability in
fishery-dependent
coastal communities

Composite indexes of fishing
dependence and social vulnerability
for 880 coastal communities

Top five fishing dependent
communities from WA, OR, N CA, C
CA and S CA are shown here,
updated through 2015

Gives relative idea of how changes
in fishing might affect overall
community wellbeing at different
scales

Social Vulnerability Index (2015)
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INTEGRATED ECOSYSTEM ASSESSMENT

Physical Conditions

Ecological Responses
Human Activities
Human Wellbeing

. Synthesis and
Research
Recommendations

fishermen sort a groundfish survey
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Research Recommendations

At the request of the PFMC Ecosystem Work Group, we developed research
recommendations, many aimed at improving the power of our indicators to provide
more management-ready products in the face of this uncertainty

1. Continue the ongoing scoping process between the Council and CCIEA team

2. Continue making improvements to indicator analyses (FEP Initiative 2)
* Refining present indicators and presentation

* Address and close gaps
* Better indicator analyses: spatial/habitat-based analyses, modeled trends, identifying risk

thresholds, early warning indexes

3. Assess adaptations to short-term climate variability
*  Productivity and distribution of key species (sablefish; salmon & crab; other priority species)
* Integrated models of fishery participation choices under variable climate conditions across

multiple, interacting fisheries



Research Recommendations, continued

4. Assess adaptability of fishing communities to long-term climate change
e Estimate climate change vulnerability of different fishery communities at sea
* Set up panels of managers, stakeholders and scientists to analyze information and
develop adaptation strategies

5. Develop “dynamic ocean management” tools to reduce bycatch
* Develop bycatch risk profiles for CA drift gillnet fishery
* Track spatiotemporal changes in risk, linked to short-term variability in ocean conditions
under different mgmt alternatives

6. Assess ecological and economic impacts of ocean acidification
* Drive assessment with Atlantis ecosystem model (reviewed by Council in 2015)
* Use future climate model scenarios to estimate OA impacts on FMPs, regions, ports



Synthesis

* Climate and oceanographic indicators suggest that the climate “stress test” is over
and we are returning to neutral physical conditions

* Species responses will lag behind the physics, from months to years; the
unprecedented warm conditions of 2013-2016 leave us with considerable
uncertainty as to what those responses will be

* Salmon indicators are discouraging for this year (at broad scale)

* Signs of rebounds in anchovy; no such signs for sardine

*  Will copepods, krill, squid rebound?

* Will the large numbers of juvenile rockfish become recruits in a few years?

* People will respond as well, through choices on fishery participation and other
activities; still a lot of uncertainty there too



Questions and Discussion

INTEGRATED ECOSYSTEM ASSESSMENT

Aerial view of Drake’s Bay,
Point Reyes Peninsula
(Brian Cluer, NOAA)






