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Outline

* Present conditions in the Pacific (focusing on
the U.S. West Coast)

* The NCSS - draft Climate Science Strategy

 Pacific (U.S. West Coast) examples of the
NCSS in the

 Concluding remarks
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El Nino and a positive phase of the PDO (Pacific Decadal Oscillation)

pe— .
—

El Nifio Arrives in 2015 -

Temperature compared to average (°C)
March 5, 2015

Forecasts predict it will stay weak, have little
influence on weather and climate - but ...
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El Nino/La Nina occurrences since 1950

Six “strong” and eight “moderate” E/ Ninos
And five “strong” and four “moderate” La Ninas

Oceamc Nmo Index (ONI)

ttp:/ /wuivi.cpe.ncep.noaa.gov/products/analysis_moni uff/ensoyea
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Pacific Decadal Oscnlatlon 15
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Juvenile salmon ... biological and physical processes
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Cool Phase of PDO=High Survival
e Flow from the North

e Cold water — Lipid-rich copepods
e Low number of large predators

Warm Phase of PDO=Low Survival
e Flow from offshore & South

e Warm water — Low lipid copepods
e High number of large predators

PDO=Pacific Decadal Oscillation




Oregon Production

PDO and fisheries |
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«  Northeast Pacific warmed before U nusu al con d iti ons

the Eastern Tropical Pacific
« Gulf of Alaska has been

extremely warm for the past >ea S‘irfic‘;Te’t“p:;;tl“;‘zf‘(;‘fma'y
. reiative 10 -

year and a half (weak winter o 0 ST
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 Baja and So. California near-
shore have been warm since
June 2014 (local winds — not 50N
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The 100+ year time series of Sea Surface Temperature in the
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Ocean and land conditions are significant

“There's something happening here,
what it is ain't exactly clear...” (Buffalo Springfield)
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March 3, 2015

(Released Thursday, Mar. 5, 2015)
Valid 7 am. EST

U S. Drought Monitor

Drought Impact Tyvpes:
* ¢~ Delineates dominant impacts

S= Short-Term, typically less than
6 months {e.g. agriculture, grasslands)

L= Long-Term, typically greater than
1 .\ © B months (e.g. hydrology, ecology)

T Infensity:

[ ] DOAbnormally Dry

[ | D1 Moderate Drought
] D2 Severe Drought

B DS Extreme Drought
I D4 Exceptional Drought

Author: ~
David Simeral
Western Reglonal Climale Cenler

Daily SST anomaly (18 Aug 2014) relative to the

30-year (1982-2010) climatology
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It wasn’t just the ocean
that was warm.

In California, 2014 weather was
not only dry, but it was also
extraordinarily hot

e Surface air temperature
record was almost off the
charts, ~ 1 °C warmer than
the previous record

 Extraordinary warmth was
confined to the southwest,
centered in California
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Almost every day in the last year was warmer
than average at most West Coast locations

ASTURIA, UREGUN
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1 Apr SWE Anomaly 1 Apr SWE Anomaly  Apr SWE Anomaly

1 Apr SWE Anomaly 1 Apr SWE Anomaly
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Salish Sea
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Growing demands and requirements for
climate-related information.

Increase the production, delivery, and use
of climate-related information to support
agency and stakeholder decisions.

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 16




1. ldentify appropriate, climate-informed reference points for managing
_MRs. (Sardine CalCOFI temperatures)

2. ldentify robust strategies for managing LMRs under changing climate
conditions. (Albacore MSE — work with ISC and PICES)

3. Design adaptive decision processes that can incorporate and respond ™
to changing climate conditions. (Closing of swordfish fishing area to =
minimize interaction with loggerhead turtles)
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) Objectives of the NCSS B =
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1. ldentify appropriate, climate-informed reference points for managing
_MRs. (Sardine CalCOFI temperatures)

2. ldentify robust strategies for managing LMRs under changing climate
conditions. (Albacore MSE — work with ISC and PICES)

3. Design adaptive decision processes that can incorporate and respond
to changing climate conditions. (Closing of swordfish fishing area to
minimize interaction with loggerhead turtles)
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4. ldentify future states of marine, coastal, and freshwater ecosystems,
LMRs, and LMR-dependent human communities in a changing climate.
(Earth System Models)

5. ldentify the mechanisms of climate effects on ecosystems, LMRs, and
- LMR dependent human communities. (Coupled IBM/ESMs)

6. Track trends in ecosystems, LMRs, and LMR-dependent human
communities and provide early warning of change. (CCIEA)

/. Build and maintain the science infrastructure needed to fulfill NOAA
. Fisheries mandates under changing climate conditions. (R20)

18



Draft Climate Science Objectives

Climate-Informed ( ‘i

Reference Points

Robust Management
Strategies
Adaptive Management Processes

Robust Projections of Future Conditions

Information on Mechanisms of Change

Status, Trends and Early Warnings

Science Infrastructure to Produce and Deliver Actionable Information

f@“"‘"m
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i : = .
4 Objective 1. Identify appropriate, cllmate informed reference
R points for managing LMRs.

Pacific Sardine Harvest Fraction

« The PFMC now uses the California Cooperative
Oceanic Fisheries Investigations (CalCOFI)
temperature index as well as a revised F,sy

relationship, for use in the Harvest Control Rule.

The new temperature index and temperature-
productivity relationship were used for
establishing the OFL starting with the April 2014
meeting, when the Council established harvest
specifications and management measures for
the fishing year beginning July 1, 2014.



Estimated Sardine Stock Biomass

Series For

Stock biomass (age 1+, million metric tons)
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Draft Climate Science Objectives

Climate-Informed
Reference Points
Robust Management e 2
Strategies
Adaptive Management Processes

Robust Projections of Future Conditions

Information on Mechanisms of Change

Status, Trends and Early Warnings

Science Infrastructure to Produce and Deliver Actionable Information
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Obijective 2. Identify robust strategies for managing LMRs
under changing climate conditions.

o

Pacific Albacore

Management Strategy Evaluations

« MSE: using simulations to compare the relative effectiveness A
of different management strategies (that explicitly take
spatial structure into account)

Il + Albacore will be the first species with ISC/PICES/SWFSC
scientists taking the lead



> Albacore

Conservation Information:
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“... NPALB is not experiencing overfishing. Although no
biomass-based reference points have been developed for
this stock, there is little evidence from the assessment
that fishing has reduced SSB below reasonable candidate
biomass-based reference points, ... and the stock is likely
not in an overfished condition at present.”

Many pelagic species have environmental
thresholds and preferences that limit the spatial
distribution of a species (O,, T & S).

Because these factors generally exhibit persistent
space-time patterns, the general distribution of
pelagic fishes is known.

Knowledge of these relationships allows for the
incorporation of climate change into stock
assessments, which forms the basis for fisheries
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Fisheries Data:

US-CA Troll a

Effort

1982-2011
1x1 degree

CPUE

1982-2011
1x1 degree
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US and Canada albacore logbooks (NOAA Fisheries and DFO Canada)



Top predators and climate change
Predicted changes In species richness in the next century
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Figure 3 | a-h, Quarterly modelled species richness for 2001-2010 from 15 top predator species (a-d) and predicted changes in species richness over the
next century (2001-2020 compared with 2081-2100) (e-h).

* Premise: A (delta) in oceanographic habitat suitability - A in species distributions
e Conclusions: northward shift of biodiversity, CC remains a hotspot

Hazen et al. 2013 Nature Climate Change



Implementation of MSE
(interface between science and decision-making)
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Re Simulate System Simulate Management ~

/ Dynamics Decision Processes \

d Human Activities B T%stin monitoring systems
A. Consider (i) impacts of human activities / ~ R ™ . .

. .. . (e.g. in the field sampling station

& environmental chande & (ii) practical Observations Iocati':;ns) or'setz of Indicators for

management methods!(& compliance costs
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or incentives) ' N y

management
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Objectives |
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Assessment assessment methods (e.g. stock
Implement asse'ssment or network models, or
Management methods such as ecological risk
Strategy asse€ssment) & effects of error or
data'collection schemes (e.g.
fishéries independent surveys) on
Judge the |J|eliability of the end product
Outcomes l’ I
Strategy Management Decisions :

I
D. Investigate effect of human

w2 . . .

g_ E. Evaluate multiple use and ecosystem-based behavjour & social / economic/
2 management as a package — combinations of existing E°"t'°a| glrlvers onrealised versus
£~ tools or new tools, decision rules, institutions optimal” management
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Example of management strategies across six general areas of mean
performance for a large multi-sector, multispecies fishery in SE Australia:

Target species

kit Broader
vy ecosystem
. Management
ity efﬁcgiency
Social
Target species
Broader
industry ecosystem
: Management
vacanty efficiency

Social

P
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Industry

Certainty

Industry

Certainty

Target species
Broader

ecosystem

Management
efficiency

Social

Target species

Broader
ecosystem

\/ Management
efficiency

Social

Punt et al. (2014)




Draft Climate Science Objectives

Climate-Informed
Reference Points

Robust Management
Strategies
Adaptive Management Processes € 3

Robust Projections of Future Conditions

Information on Mechanisms of Change

Status, Trends and Early Warnings

Science Infrastructure to Produce and Deliver Actionable Information
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Objective 3. Design adaptive decision processes that can
incorporate and respond to changing climate conditions.
Swordfish and L
loggerhead turtles

* In 2014 the WCRO
proposed closing the
swordfish drift gill net

NOAA Ol SST

fishery east of 120°W and Sl G R
anticipating increased - s Smas, -, AU
interaction with Pacific 2l =

loggerhead turtles

* The decision was based on expectations of
persistence of warm waters; not on the possibility of
a tropical El Nifio coming

 The drift gillnet fishery regulations revisited?

T
\ s
= N\ 0,

_The present Ianguage keys to EI Nlﬁo NOte T0E  120E MOE 160 180 Jur:sgvéM W 1200 100 80
that 2014’s warming was not due to EI Nino. e
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Draft Climate Science Objectives

Climate-Informed
Reference Points
Robust Management
Strategies
Adaptive Management Processes

Robust Projections of Future Conditions

Information on Mechanisms of Change

Status, Trends and Early Warnings

Science Infrastructure to Produce and Deliver Actionable Information
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Objective 4. |dentify future states of marine, coastal, and
freshwater ecosystems, LMRs, and LMR-dependent human
communities in a changing climate.

e T o
Physical Climate System

Atmospheric Physics/Dynamics
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CC-IEA (one way downscale) simulation

e Global model: GFDL CM2.1mESM

Nitrogen Cycling

e Atmosphere at 1°, ocean (MOM) at 1°

e BGC is (Carbon, Ocean
Biogeochemistry And Lower Trophics)

e Regional model:

* Physics: ROMS (7 km or ~1/12th deg),
40 vertical layers)

e BGC: Enhanced CoSINE (C, Si, N
Ecosystem model), including oxygen
and full carbonate chemistry.



California Current Intec -
1t (CC-IEA) simulation

e Simulation

e 1970-2050 using 20th century
climate (emissions)
transitioning to RCP8.5

....
R AL
......

e One way physical and BGC
downscaling of CCS

......
.........
.....

* Global to regional boundary

conditions for both physics and I —
BGC.



One-way downscaling: Physics and biology

GFDL GFDL-->ROMS

EOFs of summer SSTs



b) T85x1 — OBSERVED

And full-physics “two-way nesting’,
l.e., down- and upscaling

® |mpacts basins on EBUS
regions (downscaling) and
on basin scales (upscaling)

e Correct for climate model
blases

e Steps to forecasts/
porojections in the sense of e = .
full Earth System Models



Where the fully-coupled implementation looks
something like this...

TS: MEAN COMPOSITE::: AUG-823-923

2 —
e ﬁ
- Ca ;
3 -~

/ Coupler
Uses Sa_CAM and

Sgo_POP or
Sco_POP to

\\computo Fao POP

TS: MEAN COMPOSITE: AUG-923-923
- — ]

Fig. 2-1. Monthly mean SST from August, year 60 of integration. Top left: from
POP part of nRCM. Top right: from ROMS component of nRCM. Bottom: the
merged (composite) SST. Replace with CCS example.




Cumulative wind stress

Average Cumulative Wind Stress [IN.m-2.days)
1980-2049

GFDL

Preliminary
comparisons
of global vs.

2-way coupled Average Cumulative Wind stress (N.m-2.days|

wind stress s b

estimates

GFDL-->
ROMS




TREFHT: MEAN BASELINE: JJA-11-150

Global Jun-Jul-Aug
Surface air temperature

I

0 3 6 9 12 15 18 21 24 27 30

Areas where the
effects of the
regional solution
are significant at
larger scales
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Couple the shelf seas to the global ocean
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pal price ("000 $1) ishmeal price ("000 $t)

Driven by changes in the price of fishmeal...

Bioeconomic simulation models

b) El Nino, recruitment variability
and market expansion

FISHMEAL & OIL PRODUCERS (Mt FISH OIL CONSUMERS (Mt FISH MEAL CONSUMERS (M
Peru 1 41 0,24 Norway 164 China
Chile 0,64 o, on Chile °,66 Japan
China o860 °,% o, Japan o2y Taiwan
Morocco o, 0,06 004 Peru °, Chile
Norway o, o, o,03  USA o, Peru

Japan o, o, o  Denmark o, UK

- ok "
o8 o 2, I = ] Y Ill A .l— :

Iceland on 0,08 0,33 Nomay iII 1 lll.ll I II = = —_
s . o gaEfEsgg
-

Denmark o8 o USA —
usa i - v Bl O | (ST | | P I
South Africa e o0z o, Indonesia
South Africa
Canada
Iceland
Morocco

o053 | Vietnam - L ——
]

T iii

ii"ili’“’i 3= || ||l i*
SESSEEN | Dessesd

| [T . lll---llllll--!- .

Fishmeal flows STRUCTURE OF THE MODEL

n Fish Stocks n Fisherles Fish Production Transformation International Pigs
Fish oil flows X ) Y A A Markets Poultry

Ruminants

T ||||IIII|
Hoslth ANNEEEEEEEEEEEN llllllll.llllll

years of simula

Fishing Capacity (M m3)

Fishmeal
I Aquaculture

Fish Ol

. and combined with expected environmental variability (e.g., El Nino
occurrences), predicted changes in Biomass, Catch and Fishing Capacity.

(Barange et al.; Merino et al.)
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Objective 5. ldentify the mechanisms of climate effects on
ecosystems, LMRs, and LMR dependent human communities.

From physics and lower trophic
levels
to sardine, anchovies and
fishing fleets

d
Phytoplankton Zooplanktc

,ﬁf@ carbon uptake o
5 5
T




Hypotheses for
ow-frequency variability

(tons)

10

- Environmental conditions (bottom up)

- Temperature controls population expansions and
contractions via spawning behavior (e.g., Lluch-Belda et
al., 1991).

* Reproduction success linked to mesoscale features
(MacCall, 2002).

* Food avallability and composition determines population
success (e.g., Van der Lingen et al. 2001).

b
N
O
-
[\
(3]
Q
e
i o)
3
)
“

- Affects longevity--affects survival in adverse conditions.

- Differentially preserve more fecund older fish and their
migratory behavior.

* Productivity depends on learned migratory behavior
(Petigas et al. 2006).
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Our approach:
coupled climate-to-fishers model

NCAR-CCSM Gilobal ROMS regional
Climate Model ocean model

NEMURO NPZD and
Individual Based Model

Growth

| e a3 Reproduction
Mortality

Movement

?

Fishing fleet



Climate-to-fishers: Multi-species fish model

- Simulate multiple species with an individual based
modeling approach.

- General food web: Species can compete for common
prey and eat each other.

» Explicitly model growth, mortality, reproduction and
movement.

» One species can represent a fishing fleet as individuals.



Climate-to-fishers:
Why an IBM (Individual Based Model)?

 Natural unit in nature

* Allows for local interactions and
complex systems dynamics

» Complicated life histories

 Plasticity and size-based interactions

» Conceptually easier movement




Climate-to-fish-to-fishers

sC MB OW
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Anchovy Biomass  Sardine Biomass CPUE

Rose et al. and Fiechter et al., Progress in Oceanography, in press.



Mean (1964-2008) abundance by life stage (log, of
individuals); Anchovy (top) and sardine (bot.)
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Population biomass
(shows encouraging resemblance to observations)

Anchovy Sardine

ANCHOVY SARDINE
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We’'ve put a rather complex set of models including a wide range of processes,
biological/physiological traits, and results of two species have emerged showing
differences at various scales, e.g., anchovy at higher frequency, decadal
variability in both ...

Rose et al. and Fiechter et al., Progress in Oceanography, in press.
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Lots of "wiggly” information...
three steps to tease out the drivers

establish the biological processes that control adult sardine and
anchovy population dynamics

- Anchovy: adult population fluctuations are associated with age-1 growth
and prey availabillity.

- Sardine: adult populations correlated with temperature and age-0 survival.
link changes in processes to variations in environmental conditions

* Anchovy: years of high growth related to enhanced upwelling in the
southern CCS (more productive lower tropic levels)

- Sardine: years of high age-0 survival related to high temperatures
correlate environmental conditions experienced by the individuals in

the model to regional and climate-scale variability in the CCS using ROMS and
NEMURO output directly.



Annual anomalies
Top: Age-1 growth. Bot.: Age-0 survival

£
2
2
O
‘6
@)
<

1 ) I T 1 L L} | T T 1 1 " L} | '
1970 1975 1980 1985 1990 1995 2000 2005

L 1 I L 1 l 1 L 1

I Sardine

Age0 Survival

Rose et al. and Fiechter et al., Progress in Oceanography, in press.



Environmental drivers: Anomalies for high- and
low-years of anchovy age-1 growth
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Environmental drivers: Anomalies for high- and
low-years of sardine age-0 survival
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Summary on sardine &
anchovy dynamics in the CCS

- Climate-to-fishing: Encouraging proof of concept of the modeling approach

- Slightly different temperature and diet preferences can lead to significantly
different responses to environmental variability.

Sardine Sardine

* Results hint at potential
to known modes of climate variability,
responding to ENSO and
PDO.

Anchovy
- Sardine vs. anchovy out-of-phase cycles: Regime

populations favor prey for anchovy and
temperature for sardines and these are out of phase in the CCS. (Caveat: results
apply under present, e.g., last ~50-year conditions, paleoclimate may be other
matter)

« On-going work: biological realism, alternative hypotheses, climate projections,...
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Objective 6. Track trends in ecosystems, LMRs and LR-
dependent human communities and provide early warning of

change
B NSS4

Trends and advance warning?
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2014/15 SST anomaly
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It's early to describe this spring’s upwelling,
but the winter ocean was much warmer.




It wasn’t just the ocean
that was warm.

In California, 2014 weather was
not only dry, but it was also
extraordinarily hot

e Surface air temperature
record was almost off the
charts, ~ 1 °C warmer than
the previous record

 Extraordinary warmth was
confined to the southwest,
centered in California
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Interpreting upcoming

. . Green
time-series plots region:
Most recent
Horizontal lines: 5 years of
Long-term mean, Raw data data Slope of

A recent
\ - ) / years

+ 1 s.d.
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e — \
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relative to
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Fitted model mean
+ 95% confidence
Intervals



There are northern and southern
copepod assemblages: P 4

northern copepod = happy fish Northern copepod biomass anomaly

4
o

* “Northern” copepods
are rich in lipids that
support fish production

v ' X | ¥
. - amla e e aasssdssnna |a e @ daccsaeanaansseasanada (- .- .. o s @ o aseaeaaaeaeas 1 ..... (o & & & & aa S ]
A v | | J

-0.5
I

Biomass anomaly

* Northern copepods
associated with cooler
waters in the California
Current
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* In recent years off \
Newport, OR: northern
copepods have been
abundant

* But, a major shift
occurred in late 2014
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Central California Current Region

Ecosystem Indicators: |
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Coastwide U.S. commercial fishery landings
* Total landings just updated; 1981 to 2014
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Chinook salmon escapement status and trends

* Data for river returns for spawning are available only through 2012

 From 2003-2012, stocks were within “long-term” (20 to 30-yr) averages

 Several stocks have declining trends;

returning to average
levels following high

escapements in early
2000s

e Some stocks with
increasing trends

How will salmon stocks
be affected by low, warm
stream flows and changes
in nearshore marine
conditions?

A

Recent Trend

Salmon escapement trends

Low & increasing

........................

High & increasing

-----------------------

Low & decreasing

High & decreasing

[ I I I

-4 -2 0 2 4

Recent Average

A. Central Valley Fall
B. Central Valley Spr
C. Central Valley Late
D. Central Valley Win
E. California Coast

F. Klamath Fall

G. SOr-NCa Coasts
H. Lower Columbia

|. Willamette Spr

A ). Snake Fall

€ K. Snake Spr-Sum
Y/ L. Upper Columbia Spr
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Other human activities

e Sectors related to fisheries:

— West Coast shellfish aquaculture
(through 2012)

— West Coast finfish aquaculture
(through 2014)

— U.S. total seafood demand
(through 2013)
* Per capita U.S. seafood
demand remains flat

* |EA is monitoring other
human activities as well
— Shipping
— Energy extraction
— Coastal development
— Pollution
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Vulnerability of people to climate change

Is a vulnerable fish a
vulnerable fishery?

Increased vulnerability
of marine resources to
expected climatic
change, and reduced
resilience in human
communities 2
increased vulnerability
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Vulnerability of vessels that
target forage fish to climate change

@ Market squid

@ Pacific herring
Adapative
capacity
(vessel
diversification)
@ Pacific hake 822
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Samhouri et al. in review
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Objective 7. Build and maintain the science infrastructure
needed to fulfill NOAA Fisheries mandates under changing

climate conditions.
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Final Remarks...
Expected Results from NCSS:

*Better fracking of ecosystem changes providing early
warnings of climate-related changes.

*Increased understanding of the mechanisms of change and
the vulnerability of fish stocks, communities.

*Near and long term forecasts of ocean & resource
conditions.

Climate sensitive stock assessments and ,m
-
[ B

biological reference points.

=

Improved management scenarios.
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Questions?

Photo: Octavio Aburto
http:/www.octavioaburto.com/

A large group of Bigeye trevallies (bigeye jack) at Cabo Pulmo National Park,

Mexico. Thousands of fish forming a ball during the reproduction courtship.
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Historic “warm blob”
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A very unusual year
Mild El Nifio
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Environmental Highlights

The California Current is a variable system from year to year and decade to decade

Recently, the Northeast Pacific has been dominated by the “warm blob,”
record high sea surface temperatures that developed in the Gulf of Alaska in 2013
and spread to the coast and southward.

Basin-wide indices trended from ENSO-neutral to mild El Nino, and the two north
Pacific indices both shifted from conditions promoting high primary productivity to
less productive conditions.

After a record strong year in 2013 of coastal upwelling, conditions in 2014
returned to average or slightly below average upwelling. Coupled with the basin
scale indices, these suggest lower overall primary productivity.

The west coast, especially California, experienced hot and dry conditions. The annual
snowpack is at historic lows.




Ecological and Human Dimensions Highlights

» After several relatively productive years, biomass of energy-rich northern copepod
species declined sharply in the fall of 2014.

e Larval fish and young of the year, along with small coastal pelagic species (anchovy,
sardine, etc.) comprise the forage base and while many were stable or increasing in
2013-2014, it is unknown how forage base will respond to recent oceanographic
changes.

 Low zooplankton and absent forage may be causing significant mortality of Cassin’s
auklets and California sea lion pups.

e (California Central Valley and Lower Columbia River Chinook salmon have negative
escapement trends, while trends elsewhere are stable or positive; low snow pack
could be a problem.

« Commercial fishery landings remain relatively high, driven largely by Pacific hake and
coastal pelagic species; crab and shrimp landings also increased.




1.c U.S. Fishery Status

Assessment of the Pacific Sardine Resource
in 2015 for USA Management in 2015-16

NOAA
FISHERIES
SWFSC-FRD

K.T. Hill, P.R. Crone,
E. Dorval, B.J. Macewicz
Fisheries Resources Division

SWFSC, La Jolla, CA 92037, USA
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)y Objectives of the NCSS  Fig S
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1. ldentify appropriate, climate-informed reference points for managing
_MRs.

2. ldentify robust strategies for managing LMRs under changing climate
conditions.

3. Design adaptive decision processes that can incorporate and respond
to changing climate conditions.

4. ldentify future states of marine, coastal, and freshwater ecosystems,
_MRs, and LMR-dependent human communities in a changing climate.

5. ldentify the mechanisms of climate effects on ecosystems, LMRs, and
_MR dependent human communities.

6. Track trends in ecosystems, LMRs, and LMR-dependent human
communities and provide early warning of change.

/. Build and maintain the science infrastructure needed to fulfill NOAA
Fisheries mandates under changing climate conditions.




Climate change, acidification, stratification,
deoxygenation... are altering ocean ecosystems.

Fisheries impacted globally with regional differences:
» Biogeographic (poleward) shifts
» Changes in species composition

Significant challenges expected for fisheries
management.
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Key Information Requirements
WHY IS IT CHANGING?

(wtitow) 7 0.61-0.8
.o T ]08-10
o022 [T]1.01-12
o -04 il 1.21-14
T 1041-06 M >14

—_
o
X
-
o
)
c
]
£
T
Q2
s

Observed

402 04 06 08
Fishing mortality rate

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 80




CALIFORNIA CURRENT AND CHANGES IN UPWELLING

Increases in surface temperature (°C)

. o Warmer continents than oceans

o Increased atmospheric pressure
gradient (land — sea)

o Intensified alongshore winds during
upwelling seasons

o AND potentially larger amplitude
interannual to decadal variability (El
Nino, PDO, NPGO, etc.)

Increased differences in pressure drive
stronger winds
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CALIFORNIA CURRENT FOOD WEB

Cool upper ocean: decreased stratification, increased nutrients, high
phytoplankton production, and large lipid-rich “subarctic” copepods and
krill-like zooplankton support higher trophic levels

Warm upper ocean: increased stratification, low
nutrients, decreased primary and secondary
NOAA EISHERIES production and stressed higher trophic levels -
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Draft Climate Science Objectives

Climate-Informed
Reference Points
Robust Management
Strategies
Adaptive Management Processes

Robust Projections of Future Conditions

Information on Mechanisms of Change

Status, Trends and Early Warnings

Science Infrastructure to Produce and Deliver Actionable Information
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fV} NOAA FlSHERlES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 83
.



Recommendations—
Immediate Actions

1 progress

Conduct LMR climate vulnerability analyses in each
region.

2 progress

Maintain and develop Ecosystem Status Reports to
track change and provide early-warnings.

3 progress
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Increase capacity to conduct climate-informed
Management Strategy Evaluations
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Recommendations—
Short-term Actions (6-24 months)

Complete region-level action plans.

Strengthen climate-related science capacity
nation-wide.

Increase resources for process-oriented research.
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Establish climate-ready terms of reference for ESA,
MSFCMA, MMPA stock assessments and Biological
Opinions, etc.

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 85




Working Toward a Predictive Habitat
Model for Albacore

Can we identify environmental influences on albacore distribution over
long time scales and large spatial scales and develop a predictive
model?

Case Study: Using the U.S./Canada surface fishery catch and effort
data to begin to characterize habitat
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Roles and Responsibilities

MSE is at the interface between science and decision-making

Scientists:
« l|dentify the hypotheses to represent in the operating model.
*  Represent the objectives of the decision makers quantitatively.
* |dentify factors which could be used in management strategies.

Stakeholders / decision makers / advocates:

« |dentify management objectives (note this may be a function of legislation / court
decisions, etc.)

« |dentify candidate management strategies
«  Make decisions on the final management strategy (policy call)
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Actions over the next three years...

o —
60°N = o
: SST 30
o = Aug 2000 -
R 25 =
: - £ ©
%) o
TN
40°N 120 ~°~|_w -
v o
9]
15
30°N =
' . 10 0 1 2 3 4 5
PR o) . . .
20°N S o0y < rah o o B/Bmsy
180°W 170°W 160°W 150°W 140°W 130°W 120°W 110° . .
Target species Target species
Broader Broader
60°N 0.08 Industry ecosystem incestry d ecosystem
\ \
\ ‘
R . Management : \ . Management
ol |7 gl o _ Certainty - Certainty \/ fici
50°N — @_\ U 0.06 E efficiency efficiency
S
%) Social Social
S’
et
c Target species Target species
40°N - 1004 0
T f
E —— Broader —— | Broader
S G) ey ecosystem way ‘ ecosystem
30°N - H‘i\ j\\ ':.’-,;. P 0 02 I(B
= 7 )]
/ ’ : Management : Management
} /F Certainty efficiency SeraIty efficiency
doeNL T e SN
‘ = - - 0 Social Social

180°W 170°W 160°W 150°W 140°W‘ 130°W 120°W 110°W

P
@ NOAA FISHERIES

c
K)

%,
R r



CALIFORNIA CURRENT

Habitat Change (2100-2001)

Sooty Shearwater

Changes in Marine Resources "=

White shark
Bluefin
Laysan albatross

Some species are predicted to gain and some

Elephant seal

~

California sea lion

predicted to lose habitat with future climate change

Salmon shark
Loggerhead turtle
Blue shark

Mako shark

Warm events lead to “top- 0 20 0 0 10 2 30 4
down” impacts on coastal food-

webs from major changes in O T
distribution of pelagic fishes
and squid
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CALIFORNIA CURRENT — KEY QUESTIONS

*What will happen to basin-scale circulation and regional-scale
upwelling winds?

*How will increases in stratification interact with changes in
winds to alter the upwelling of cooler, nutrient-rich, carbon-
rich, and oxygen poor waters?

*What will happen to El Nino cycles in a warming climate?
*Will they become more or less frequent, more or less
intense?

*How will ocean acidification interact with physical changes in
ocean properties to impact ecosystems?

*How will life history changes effect survival and distribution of
species”?
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CALIFORNIA CURRENT

Implications for West Coast Communltles

Fishery impacts will vary with sector

Interactions with climate change will be complicated

Research and Observations Suggest
* Range shifts in species, poleward and with depth
* OA and hypoxia effects on the base of the food web

« \Warmer ocean/altered river hydrology — poor salmon
survival

 Effects on long-lived groundfish difficult to predict

Importance of sustained observations

e CalCOFI, Newport and Trinidad Head lines

olumbia/Snake Rivers

Trinidad Line "
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Modeling the California Current

and its Ecosystem:
End-2-End & Earth System Models
(Physics-2-Fishers)

and some implementations in management

NOAA-AFSC
Cisco Werner F. Castruccio, A. Haynie
SWESC/NOAA G. Hervieux S10/UCSD
GFDL D. Checkley
C. Stock T. Koslow
J. Dunne UAFE
Enrique Curchitser IEO-Spain/FAO K. Hedstrom
M. Bernal UCSC
LSU C. Edwards
THE STATE UNIVERSITY OF NEW JERSEY (e J. Fiechter
RUTGERS VORA-SIFSC
A. MacCall

S. McClatchie



Eastern Boundary Upwelling Systems
(EBUS) are characterized by...

-

small phyto diatom

» Sardine catch x 10* (tons)
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Incremental and complementary &)
modeling approaches

®* Hindcast/data assimilative one-way

nesting (example of “high frequency” physics and
biogeochemistry — BGC — for 1980-2010)

e One-way downscaled basin-scale BGC
(understanding how to achieve 1-way coupling-
ongoing 1970-2050 integration before 2-way
coupling)

e Two-way coupled basin-scale physics
(preliminary results in fully dynamically-coupled
global & regional physics)




* Hindcast

End-to-End

 Future California Current
Ecosystem (CCE) conditions
(forced by an IPCC scenario)
and some bioeconomic
steps... Earth System Models




Lots of information...
three steps to tease out the drivers

- Step 1: establish the biological processes that control adult sardine and
anchovy population dynamics

- Anchovy: adult population fluctuations are associated with age-1 growth
and prey availabillity.

- Sardine: adult populations correlated with temperature and age-0 survival.
link changes in processes to variations in environmental conditions

- Anchovy: years of high growth related to enhanced upwelling in the
southern CCS (more productive lower tropic levels)

- Sardine: years of high age-0 survival related to high temperatures
« Step 3: correlate environmental conditions experienced by the individuals in

the model to regional and climate-scale variability in the CCS using ROMS and
NEMURO output directly.



Lots of information...
three steps to tease out the drivers

- Step 1: establish the biological processes that control adult sardine and
anchovy population dynamics

- Anchovy: adult population fluctuations are associated with age-1 growth
and prey availabillity.

- Sardine: adult populations correlated with temperature and age-0 survival.
« Step 2: link changes in processes to variations in environmental conditions

* Anchovy: years of high growth related to enhanced upwelling in the
southern CCS (more productive lower tropic levels)

- Sardine: years of high age-0 survival related to high temperatures

. correlate environmental conditions experienced by the individuals in
the model to regional and climate-scale variability in the CCS using ROMS and
NEMURO output directly.



Some summarizing thoughts...
(lbefore moving on to management)

* We have shown progress in one- and two-way down/
upscaling

» Links to the “human dimension” through economics can

provide a quantitive way to link natural and social
sciences

» Possible feedbacks or additive effects were explored



2015 State of the California
Current Ecosystem

NOAA’s California Current
Integrated Ecosystem Assessment
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We can no longer look at the ecosystem components in
isolation — they are integrated...
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U.S. Drought Monitor

© eog¢o ©
P October - December L

Freshwater

Diet: \
) Caddis larva
Midge larva

March - April

-y

Mayfly

: (3-4 cm) J:?gimerai
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‘ern Regional Climale Center

Daily Sea Surface Temperature Anomalies (degree C) -
SST, Daily Optimum Interpolation (OI), AVHRR Only, Version 2, Final+Prelimi

(2014-08-18T00:00:00Z, Altitude=0.0 m) Smolt (12-16 cm)
Data courtesy of NOAA NCDC

(4-10 cm)

Hence an integrated Ecosystem Assessment Report
(Environmental Intelligence at its best)
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Unprecedented
physical conditions
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The 100+ year time series of Sea Surface Temperature in the
eastern Pacific shows this is the warmest on record

“There's something happening here, what it is ain't exactly clear...” (Buffalo Springfield)

S — — { E— Gulf of Alaska normalized SST anomalies (160W-130W, 30—50N[\

——->Average SST WIthln

st devs
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01408-18T0000:07, Aktude=0.0'm) 90 190 1940 1960 1980 2000

Daily SST anomaly (18 Aug 2014) relative to the 30-year 114
(1982-2010) climatology Years
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It wasn’t just the ocean that
was warm.

In California, 2014 weather was not
only dry, but it was also
extraordinarily hot

e Surface air temperature
record was almost off the
charts, ~ 1 °C warmer than
the previous record

e Extraordinary warmth was
confined to the southwest,
centered in California
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California, Average Temperature, January-December

1 !
1900 1910

1
1920

!
1930

1895-2014 Trend

+0.2°F/Decade

I
1940

I !
1950 1960

1901-2000 ——
Avg: 57.4F Avg Temperature

2014 —

116

| (e

115

I 1 I 1 !
1970 1980 1990 2000 2010

Divisional Average Temperature Ranks
January-December 2014

Pericd: 1895-2014

]
Below
Average

]
Near
Average

!"/ '\
R

National Climatic Data Center
Mon Jan 52015

114

113

103



2014/ 15 S§Ta

Mar

T
Mar

¥ NOAA CoastWatch

3 25 -2 -15 -1 05 O0 05 1 15 2 25

SST Anomaly, Blended, Optimum Interpolation (0l), Ver. 2, NCDC AVHRR,
0.25 degree, Global

(degree™C) 2015-03-03

Data courtesy of NOAA NCDC

Mar ' May . Jul ' S'ep . Nlov ' J;n ' Mlar 104
2014 2015



.
- .

0=J '89JeYS-M]1=PIWS; WY SN-3Y3-SSOJIB-MOUS-3Y3-||e-}0-24n1d1d

-Juels-auo/sn/s0/€0/ST0Z/2A1R2e431Ul /WO sawnAu MMM/ /:dny



We're in a strange and possibly transitional period

* NE Pacific dominated by “warm blob”
* EI Nino has arrived

* Basin scale productivity indices are
flipping to “poor”

— Uncharted territory for climate conditions

 Several leading indicators show that the
system is responding to these changes

— Copepods shifting to less energy-rich
“southern” species

— Cassin’s auklets & California sea lion pups
distress

— Water storage in snow pack at record lows
in all major river basins
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Daily Sea Surface Temperature Anomalies (degree C)
Daiby (Ol), AVHRR Only, Version 2

Sea surface temperature anomadlies, Sept. 1, 2014
(NOAA National Climate Data Center)
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Sea surface temperature anomalies, Sept. 1, 2014
(NOAA National Climate Data Center)

1. Unprecedented physical
conditions: the “warm blob”
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Eastern Pacific sea surface temperatures (SST) were (and are) anomalously warm in

2014-2015
The Gulf of Alaska and the ocean off Baja California were >3°C warmer than average

Weekly SST A”O"‘N \ 2015/02/22 - 2015/02/28
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B ut — Northeast Pacific warmed before the Eastern
Tropical Pacific warmed

. Gulf of Alaska has been Sea Surface Temperature Anomaly
extremely warm for the past year (re'aﬁ"io‘;’o}?:lﬂ’lo)
and a half (Weak Winter Surface SST (C) Composite Anomaly 1981-2010 climo
conditions) o r
BON 1
. N 1
« Baja and So. California near- 50N
shore have been warm since o
June 2014 (local winds — not N
20N 1
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I B 0 b e :
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B ut — Northeast Pacific warmed before the Eastern

Tropoical Pacific warmed Sea Surface Temperature Anomaly
P (relative to 1981-2010)

«  Gulf of Alaska has been ™ ™ NORRESRL Physica S‘mi;;
extremely warm for the past year o % TS
and a half (weak winter) e '
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CALIFORNIA CURRENT FOOD WEB DEPENDS ON UPWELLING

The source waters and upwelling strength determine the primary productivity
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Rosy rockfish, corals, sponges and

Canary rockfish in the Olympic Coast National
Marine Sanctuary off the Washington coast anemones on Cordell Bank.
(NOAA) (Rick Starr, NOAA)

Steps toward Lomg IC R
management S e



California sea lion pup strandings

 Pup count for 2014 cohort was fairly normal

* But, pup growth is very poor and mortality
likely will be ~70%

* Many mothers have to go further to find food
and thus are gone longer and having longer

periods between nursing

0.12
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0.10
|

Pup count at San Miguel Island

0.08
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Numberof live pups
Predicted daily weight growth rate (kg/day)
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|

0.00
|
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Year (Cohort)

| | | | | | | | |
1998 2000 2002 2004 2006 2008 2010 2012 2014

Cohort 114



Cassin’s Auklet
die-off, 2014-2015

s
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0
Northern
OR
* The Cassin’s auklet is a common
seabird that feeds on krill
.
* Data at right: counts of dead birds SO”thgg 100
relative to long-term average -
= (i.e., 1="“normal”) :
* Since last fall, mortality rates of 5
auklets are up to 144 times normal Northegz 00

e Cause is still undetermined
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Vulnerability of forage fish to climate change

Premise: increased exposure to expected climatic change, and
reduced climatic breadth in the present day = increased vulnerability

0.8 7

o
o

Sensitivty

o
»

0.2 -

0

@® Whitebait smelt
Northern anchovy
Pacific hake @@ ® Market squid
@ surfsmelt
Jack mackerel @
o
Pacific saury
L
Pacific herring
Collapse each point into a risk score...
0.6 0.65 0.7 0.75 0.8
Exposure

Samhouri et al. in review

High—€&——— Adaptive capacity <€———Low

Low = Sensitivity > High

Vulnerability

high
Preparedness Intensive
intervention

Low-intensity
intervention

Low High
Exposure to climate change and barriers to dispersal
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Is a vulnerable fish a
vulnerable fishery?

Premise: increased
vulnerability of marine
resources to expected
climatic change, and
reduced resilience in
human communities
— increased
vulnerability

0.6

o
~

Sensitivity
(mean proportion of revenue)
o
o

0.0 -

Samhouri et al. in review

Anchovies, ©

Vulnerability of people to climate ch

Vulnerability of vessels that
target forage fish to climate change

Nikontiger/iStockphoto.c 3

@ Pacific herring

@ Pacific sardine

@ Pacific mackerel

@ Market squid

@ Pacific hake
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@ Jack mackerel
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2014 J-SCOPE Forecast

http://www.nanoos.org/products/j-scope/
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Roles and Responsibilities

MSE is at the interface between science and
decision-making

Scientists:
« ldentify the hypotheses to represent in the operating model.
 Represent the objectives of the decision makers quantitatively.
« ldentify factors which could be used in management strategies.

Stakeholders / decision makers / advocates:

. dentify management objectives (note this may be a function of
egislation / court decisions, etc.)

. dentify candidate management strategies
 Make decisions on the final management strategy (policy call)
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Advantages

Having a management
strategy makes decision

making eas
-orces expl

‘NS#' NOAAFISHERIES

icit consideration
of objectives.

Explicit focus on uncertainty
and robustness — not
optimal performance.

Disadvantages

Development can be
lengthy.

Bad MSEs can lead to bad
outcomes.

Stakeholders may not wish
to state their objectives.

In the US, some strategies
are constrained by law.




Recommendations and responses (3/3)
Recommendation

Panelists recommended fostering international collaboration (ISC, PICES, ICES) on
climate variability effects on pelagic fish/fisheries and associated ecosystems to identify
thresholds for defining the risk to marine resources.

Action Item

The Center will continue its participation in international bodies such as ISC and PICES
with respect to research into the effects of climate variability and change on pelagic and
other fisheries resources and their ecosystems.
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PICES-ISC Collaboration

ISC’s Mission: enhance scientific research

ISC-PICES Geographic Overlap
and cooperation for conservation and rational * |

Lo w4 4 R

A "; ‘-, ’~' ,F ‘
utilization of the species of tuna and tuna-like N . b a”‘ (
fisheries which inhabit the N. Pacific %f,% | (e

60°N J /‘w;ﬂ/‘E

.. . ﬁ b - ;l:‘ . Canada
PICES’ Mission: promote and coordinate f?; |

marine research in the northern N. Pacific and China NorthHaciio-Oeen United States
South lfgo IR Area of ISC Research rE

adjacent seas. 30'N < | , L
@ E aiwan | ~g 1 o ~

1. Many pelagic species have environmental thresholds and preferences that
limit the spatial distribution of a species (oxygen, salinity and temperature).

2. Because these factors generally exhibit persistent space-time patterns, the
general distribution of pelagic fishes is known.

3. Knowledge of these relationships allows for the incorporation of climate
change into stock assessments, which forms the basis for fisheries

A VIR

|







An Integrated Ecosystem Assessment (IEA) ties the environment, fisheries and
socio-economics together

The IEA brings Environmental Intelligence into Ecosystem Based Management.

e The California Current (CCIEA) is the most
advanced of the seven regional IEA programs

Great Lakes

e The California Current extends from Canada
to central Mexico and includes the entire

west coast of the continental US. (
Gulf of Mexnco

e \We are experiencing the warmest \ X a

conditions ever observed in the NE Pacific

W/)\..

e NOAA Fisheries Science Centers are 21 1A Bglons
assembling the integrated assessments e o

e The Pacific Fishery Management Council’s Fishery Ecosystem Plan includes an annual
presentation from the NOAA CCIEA team with an update on both the ecosystem and
ecological conditions.
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Effects of El Nino/Warm Conditions in the CC

Warmer, more subtropical, ocean conditions; reduced
primary and secondary production

Improved growth and recruitment for some species, such
as sardines; reduced recruitment for rockfish, squid,
anchovies, efc.

Anchovy, market squid and CA sea lion populations in So.
California decline; whiting and sardines migrate further
north, into Canadian waters

Tropical fish like mahimahi, swordfish, and marlin, and
subtropical fish like Albacore and Pacific bonito, move
north/onshore

(c) 2001 MBARI




Latitude

Southern California Bight SST usually closely reflects the Nifio3.4 index.
2014 is very different as the Bight is warmer.
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Commercial albacore fishing off Oregon.
(Helena Aryafar, NOAA)

Human
activities

Ocsq

=

INTEGRATED ECOSYSTEM ASSESSMENT
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Why bother?
We can no longer look at the ecosystem components
in isolation — they are integrated...

..S. Drought Monitor
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Hence an integrated Ecosystem Assessment Report to the Pacific Fishery Management Council

That’s environmental Intelligence at its best. 128




We can’t look at the ecosystem components in
isolation — they are infegrated...

U.S. Drought Monitor
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How do these anomalies affect us?
(case study: salmon)
Environmental Drivers

Basin-Scale
Climate
(PDO, MEL..)

Freshwater
Habitat

=

SALMON —

() ***
@, Climate &

Climate &
Ocean Drivers

Ocean drivers are largely dependent on basin-scale forcing such as PDO state.
Specifically, PDO, MEI and such represent the forces that ultimately result in
local production. There is also a need to consider regional drivers such as
local upwelling and wind dynamics and they translate to water column
characteristics and forage dynamics. Freshwater habitat and the factors
related to it relate to the production of salmon entering the ocean.

< NOAA

Northwest & Southwest
Fisheries Science Centers
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How do these anomalies affect us?

(case study: salmon)

Ecological Interactions

Predators

Hatchery

(competition) |

Zooplankton
(krill & others)

SALMON

Climate &
Ocean\Drivers

Interactions

< NOAA

Northwest & Southwest
Fisheries Science Centers

m
¥)
=1
=)

=
o
.
S
—r
@
q
)
o
=
S
=
7

Freshwater
Habitat

(nutrients)

Salmon rely on krill and forage fish to survive the first year. Krill are eaten by
salmon but they also indirectly impact salmon through their interaction with
forage fish. Conditions conducive to more prey typically lead to more salmon.
Larger marine mammals and seabirds prey on salmon.
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How do these anomalies affect us?
(case study: salmon)

Human Activities

-
=
S
&
=
p—
o
==
s.
=
®
7

Hatchery
Fish

Water
Diversions

Freshwater
Habitat

SALMON

s

Climate &
Ocean Drivers

Activities ‘; ;

7/

Salmon of natural and hatchery origins support commercial, recreational
and subsistence fisheries. They provide many services related to Human
Wellbeing, including longstanding cultural practices among Native
Americans. Habitat dependencies, especially in freshwater, result in
S, NOAA interactions and possible conflicts with many activities, including water

> diversions, hydropower, and diverse land uses. Natural salmon populations
Northwest & Southwest may compete with hatchery populations.
Fisheries Science Centers

cologica
Interactions
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How do these anomalies affect us?

case study: salmon)
Environmental

Drivers

Climate &

ko N
Ocean\Drivers Activities "’\‘

7/

Ocean drivers are largely dependent on basin-scale forcing such as PDO state.

Specifically, PDO, MEI and such represent the forces that ultimately result in

local production. There is also a need to consider regional drivers such as.

local upwelling and wind dynamics and they translate to water column

S NOAAFI characteristics and forage dynamics. Freshwater habitat and the factors:
related to it relate to the production of salmon entering the ocean.
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Predators
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(krill & others)
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0 : Forage Fish Activities ’\‘ 4
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plankton e
N p— s
S3Imon of NSturs! and hStehery ONgNS SUPPONt comMersial, recrestional
ana subsstence fisheres. They provide many Senvices reisted to Human
Interactions Salmon rely on krill and forage fish to survive the first year. Krill are eaten by L
salmon but they also indirectly impact salmon through their interaction with Amercans. Habitst dependencies, especislly in freshiwster, resultin
S&NOAA forage fish. Conditions conducive to more prey typically lead to more salmon. Ntersctions snd possibie conficts with many sctivities, including water 1 3 3
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Larger marine mammals and seabirds prey on salmon.

Northwest & Southwest POPUISTIONS May COMPpete With hatchery populstions.

Fisheries Science Centers
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Emaciated California sea lion pup, San Nicolas Island, early 2015.
(photo: Sharon Melin, NOAA)

2. Ecological responses to
“‘warm blob”’




There are northern and southern
copepod assemblages: P 4

northern copepod = happy fish Northern copepod biomass anomaly

* “Northern” copepods i

are rich in lipids that
support fish production

. - amla e e aasssdsanna o @ d e acsaeanaaseanesaandas (- .- e a. o s @ aaseasaaaeaeas 1 ..... (o & & & & aa S ]
) 1 | 1

-0.5
I

Biomass anomaly

-1.5

* Northern copepods T T T T T T T T T T T T T T T T T T
associated with cooler 1996 1999 2002 2005 2008 2011 2014
waters in the California
Current - \ o

~

; ‘\{v /

Southern copepod biomass anomaly

* In recent years off
Newport, OR: northern
copepods have been
abundant

0.0 04

* But, a major shift
occurred in late 2014

Biomass anomaly

-0.6
I

1996 1999 2002 2005 2008 2011 2014 ..



California sea lion pup strandings

 Pup count for 2014 cohort was fairly normal
* But, pup growth is very poor and mortality
likely will be ~70%

* Many mothers have to go further to find food
and thus are gone longer and having longer

periods between nursing

0.12
|

0.10
|

Pup count at San Miguel
30000 —fstand

0.08
|

0.06
|

0.04
|

Numberof live pups
Predicted daily weight growth rate (kg/day)

0.02
|

0.00
|

2 Males

< Females

Year (Cohort)

| | | | | | | | |
1998 2000 2002 2004 2006 2008 2010 2012 2014

Cohort 136



Cassin’s Auklet
die-off, 2014-2015

o

WA
0
Northern
OR
* The Cassin’s auklet is a common
seabird that feeds on krill
.
» Data at right: counts of dead birds SOUthgg 100
relative to long-term average .
= (i.e., 1="“normal”) :
* Since last fall, mortality rates of .
auklets are up to 144 times normal NortheCrR 00

e Cause is still undetermined

150 -

North Coast, '
WA 50
o | W l .
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150 ~
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Ecosystem Indicators: Groundfish

* Based on recently assessed stocks; most recent assessments in 2013

 Most populations are above biomass management thresholds, some

considerably

e Three rockfish remain
“overfished”

e All assessed stocks
below or well below
“overfishing” limit

How will “warm blob”
affect recruitment,
growth, distribution and
reproduction?

Relative fishing intensity
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Rosy rockfish, corals, sponges and anemones on Cordell Bank.
(Rick Starr, NOAA)

3. Indicators of
ecological integrity




4. What the IEA can do B b ¢




‘“‘warm blob”
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Possible Impacts of a Changing Climate

Climate
Changes

T Atmospheric
Greenhouse
Gases

Physical
Chemical
Impacts

A Upwelling
and Circulation

Biological

A Productivity

T Air
Temperature

A Stratification

A Life
Histories

A Winds

A Nutrients

A Species
distribution

Altered
Snowpack and
Streamflow

A Dissolved O,

A Species
abundance

T Sea Level

T Ocean
Acidification

A Community
composition

<

ceore,
T OF &

@ NOAA FISHERIES
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Social
Economic
Impacts

il

A Fishing
activities

A Revenues
and economies

A Industries

A Subsistence
use

A Community
health
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California Current

Observed or Projected Changes
in Oceanography

Sea Surface Temperature: 1950-2007 + .09 °C
2006-2055 + 0.8-1.0 °C
2050-2100 + 2.25-2.5 °C

Salinity: 1950-2000 -0.12 psu
2006-2055 - 0.06-0.12 psu
2050-2100 - 0.2-0.3 psu

Sea Level: 1897-2013 - 1.89 £ 0.19 mm/yr s ria cauge)
2000-2100 +42to 167 cm (1.38 to 5.48 ft)

Ocean Acidification:  1900-2000 -0.1 pH
2006-2055 - 0.12 pH
2050-2100 - 0.24 pH
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Eastern Pacific sea surface temperatures (SST) were (and are) anomalously warm in

2014-2015
The Gulf of Alaska and the ocean off Baja California were >3°C warmer than average
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Basin Scale Indicators for the last 3 yrs:

PDO: Pacific Decadal Oscillation index indicating long term temperature shifts,
NPGO: North Pacific Gyre Oscillation Index indicating strength or volume of gyre flow,
MEI: Multivariate El Nino Index indicating interannual variability of temperature

3

The
The three indices 2012 2013 Switc 2014 "\\

are suggesting
)
/‘\ | \/A

that at the end of
AW |

2013 there
occurred a
transition from
favorable
productivity
conditions to
generally low
productivity

conditions! NPGO
——MEI

—_

Index Value (Monthly Anomaly)
- o

—=PDO

1/2012 1/2013 1/2014 1/2015

. . Low Productivity +
High Productivity || Weak EI Nifio g



B ut — Northeast Pacific warmed before the Eastern
Tropical Pacific warmed

. Gulf of Alaska has been Sea Surface Temperature Anomaly
extremely warm for the past year (re'aﬁv‘;o‘;fofgsfl'z‘)lo)
and a half (Weak Winter Surface SST (C) Composite Anomaly 1981-2010 climo
conditions) o r
BON 1
. o 1
 Baja and So. California near- 50N
shore have been warm since o
June 2014 (local winds — not N
20N 1
o on {0y : 1
I B 0 b e :
. 105 e
05 () - o o
100E 120E 140F 160E 180 160W 140W 1200 100W B0W 6OW
June 2014
False Killer Whales; 24-Feb 2015; Photo:V-Robbins a1 T T T T 1 [T
-35  -25  -15 05 0.5 1.5 2.5 3.5
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The 100+ year time series of Sea Surface Temperature in the
eastern Pacific shows this is the warmest on record

Gulf of Alaska normalized SST anomalies (160W-130W, 30-50N) /\
4

Average SST W|th|n

st devs
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Daily Sea Surface Temperature Anomalies (degl
SST, Daily Optimum Interpolation (Ol), AVHRR Onl ersmnz Final+Preliminary
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Daily SST anomaly (18 Aug 2014) relative to the 30-year 114
(1982-2010) climatology Years
“There's something happening here, what it is ain't exactly clear...” (Buffalo 148
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Latitude

Southern California Bight SST usually closely reflects the Nifio3.4 index.
2014 is very different as the Bight is warmer.
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CALIFORNIA CURRENT FOOD WEB DEPENDS ON UPWELLING

The source waters and upwelling strength determine the primary productivity

50

~

‘) coastal upwelling




Historic “warm blob”
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We're in a strange and possibly transitional period

* NE Pacific dominated by “warm blob”
* EI Nino has arrived

* Basin scale productivity indices are
flipping to “poor”

— Uncharted territory for climate conditions

 Several leading indicators show that the
system is responding to these changes

— Copepods shifting to less energy-rich
“southern” species

— Cassin’s auklets & California sea lion pups
distress

— Water storage in snow pack at record lows
in all major river basins

. CONTINENTAL
~  UNITED
.\ STATES

Daily Sea Surface Temperature Anomalies (degree C)
SST, D t p on (Ol), AVHRR Only, Version 2

Sea surface temperature anomalies, Sept. 1, 2014
(NOAA National Climate Data Center)

152



Sucsianmlnc Context relative to other
T modeling approaches
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Climate-to-fishing

Fishing Fleet

» Targeting sardines in the California Current

» Movement based on engineering, economics, behavior
(evaluated once daily in model)

» Maximize revenue based on expected CPUE

- Num. of ports: 6 (CA(3), OR(1), WA(2))
- Num of boats per ports: 10-30

- Average catch per boat: 40-60 tons

- Boat motoring speed: 20 km/h

- Time to fish/process catch: 2 hours

- Average price for catch: 0.1-0.15 S/kg




Correlations: Anchovy

Lag/Variables

Adult Worth vs. Age-0
Survival

Adult Worth vs. Egg
Production

- -O 26

-2 years

Adult Worth vs. Age-1
Egg Prod.

Adult Worth vs. Age-2
Egg Prod.

Adult Worth vs. Age-3
Egg Prod.

Adult Worth vs. Age-4
Egg Prod.

-0.03




Correlations: Sardine

Adult Worth vs. Age-0 ‘
Survival 0.15 Y, -0.15 -0.14
B —,y
Adult Worth vs. Egg /
Production 0.82 0.81 0.86 \\
Adult Worth vs. Age-1
Egg Prod. 0.54 0.50 0.61 0.52
Adult Worth vs. Age-2
Egg Prod. 0.50 0.48 0.62 0.79
Adult Worth vs. Age-3
Egg Prod. 0.53 0.56 0.53
Adult Worth vs. Age-4




One-way downscaling: Physics (80 year simulation)
, and

Temperature 0-1000m

ROMS
GFDL ESM2M

s N,
J

f
- o

P,

Salt 0-1000m

>
ROMS

= ~&FQL ESM2M
——




Lots of information...
three steps to tease out the drivers

establish the biological processes that control adult sardine and
anchovy population dynamics

- Anchovy: adult population fluctuations are associated with age-1 growth
and prey availabillity.

- Sardine: adult populations correlated with temperature and age-0 survival.
link changes in processes to variations in environmental conditions

- Anchovy: years of high growth related to enhanced upwelling in the
southern CCS (more productive lower tropic levels)

- Sardine: years of high age-0 survival related to high temperatures
. correlate environmental conditions experienced by the individuals in

the model to regional and climate-scale variability in the CCS using ROMS and
NEMURO output directly.



Climate-to-fishing

Fishing Fleet

» Targeting sardines in the California Current

» Movement based on engineering, economics, behavior
(evaluated once daily in model)

» Maximize revenue based on expected CPUE

- Num. of ports: 6 (CA(3), OR(1), WA(2))
- Num of boats per ports: 10-30

- Average catch per boat: 40-60 tons

- Boat motoring speed: 20 km/h

- Time to fish/process catch: 2 hours

- Average price for catch: 0.1-0.15 S/kg




Correlations: Anchovy

Lag/Variables

Adult Worth vs. Age-0
Survival

Adult Worth vs. Egg
Production

- -O 26

-2 years

Adult Worth vs. Age-1
Egg Prod.

Adult Worth vs. Age-2
Egg Prod.

Adult Worth vs. Age-3
Egg Prod.

Adult Worth vs. Age-4
Egg Prod.

-0.03




Correlations: Sardine

Adult Worth vs. Age-0 ‘
Survival 0.15 Y, -0.15 -0.14
e
Adult Worth vs. Egg /
Production 0.82 0.81 0.86 N
Adult Worth vs. Age-1
Egg Prod. 0.54 0.50 0.61 0.52
Adult Worth vs. Age-2
Egg Prod. 0.50 0.48 0.62 0.79
Adult Worth vs. Age-3
Egg Prod. 0.53 0.56 0.53
Adult Worth vs. Age-4
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Lots of information...
three steps to tease out the drivers

establish the biological processes that control adult sardine and
anchovy population dynamics

- Anchovy: adult population fluctuations are associated with age-1 growth
and prey availabillity.

- Sardine: adult populations correlated with temperature and age-0 survival.
link changes in processes to variations in environmental conditions

- Anchovy: years of high growth related to enhanced upwelling in the
southern CCS (more productive lower tropic levels)

- Sardine: years of high age-0 survival related to high temperatures
. correlate environmental conditions experienced by the individuals in

the model to regional and climate-scale variability in the CCS using ROMS and
NEMURO output directly.



