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North Pacific atmosphere-ocean climate system “highly perturbed”

ENSO declining

North Pacific Climate Indices

PDO has been positive; did not

NINO3.4 track with recent El Nino

NPI implies deep Aleutian Low;
=)ol contributed to EBS warmth

NPGO relates to chemical and
NPI biological properties in GOA
and CalCOFI area. Negative—>
AICIOl reduced flows in Alaska and
CA currents

AO

AO measures strength of polar
vortex. Positive = low pressure
over Arctic, high over Pacific
(45°). Variable signal last
winter




2016 Oct Nov-Dec

WMME Forecast of 55T A

« SST projections
* NMME Is average of 6 models
o Continuation of warm

e Strongest positive anomalies
In EBS and GOA

e Maintenance of positive PDO
conditions with La Nina could
reflect extra heat in system,




NMME forecast, 6 Sept

NMME model forecasts (September 2016)
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El Nifio threshold

La Nina threshold

Nifio 3.4 sea surface temperature anomaly (°C)
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for upcoming fall, winter

Early—Sep CPC/IR1Official Probabilistic ENSO Forecast
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Average Eddy Kinetic Energy Oct 1993 - 2015

cm2/s2

 EKE low fall 2012 —2015
« Small eddy in early 2016

* Lower than average
volume, heat, salt, nutrient
fluxes to BS through
Amukta Pass since summer
2012; possibly enhanced



EBS Wind Forcing and Winter Spawning
Flatfish Recruitment

(Wilderbuer)

 Direction of wind-
forcing during
spring linked to
flatfish recruitment
(northern rock
sole)

OSCURS MODEL
~

* Inshore advection
4/1/2008 to 6/30/2008 RAT: Ld'sW to favorable :
4/1/2009 to 6/30/2009 ¥ A ks, nursery ground s in

4/1/2010 to 6/30/2010

4/1/2011 to 6/30/2011 _ L - - 2008 and 2015
e 2016 not favorable




Sea Ice Extent
03/24/2016

e Record low maximum
Ice extent, March 24

 EBS-specific TBD

National Snow and Ice Data Center, Boulder, CO

near-real-time data

. median

1981-2010




EBS cold pool

(Overland, Lauth, et al.)

* Reduced cold pool (“puddle”)
» Extended warm spell?

o Surface temp 10-15°C and
especially warm over the middle
domain

9

4 2016

summer

15

J. Cross, D. Strausz, P. Stabeno (PMEL)
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Time-averaged potential temperature for Sept 3 2016
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nowcast surface temperature deg C nowcast bottom temperature deg C

Surface temps pattern similar to satellite data

Model can fill in data gap for bottom temps
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Coccolithophores
(Ladd and Eisner)

* Preliminary data suggests bloom
this year

» Trophic implications — smaller than
diatoms -> longer chains; less
desirable for microzooplankton

* Neg impacts on visual foragers

Percent of clear pixels with ceceoliths betw




Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)

e 2016 ties with 2007 for
second lowest ice
minimum

— 2016

— 2015

-- 2012

— 2011

— 2007

— 1981-2010 Average
+2 Standard Deviations

6

4 Jowest August extent

Extent (millions of square kilometers)

e 10.4% decline per decade

National Snow and Ice Data Center, Boulder CO

Jun Jul

12 Sep 2016

Average Monthly Arctic Sea Ice Extent
August 1979 - 2016

Sea Ice Extent
09/10/2016
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2016 Ecosystem Surveys & Observations
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* Provide FEAST model input

» Assessing the impacts of the loss of sea ice
on marine species

Contact: Kristin Cieciel and Katharine Miller



2003-2016 late summer
Surface trawl and oceanography
Pollock, salmon, forage fish, jellyfish

Juvenile Chinook salmon abundance
Index predict returns to the upper Yukon
River (Murphy).

In cold years, volume of river discharge
predicts the abundance of juvenile
Chinook salmon (Gann in prep.)



» Studying mechanisms driving the variability in
pollock recruitment
* Provide information on warm/cold years and

zooplankton communities that influence
recruitment and overwintering success of pollock

 Implications for predicting summer bycatch of
chum salmon




Core stations, stations farther apart,
and adaptive sampling based on
pollock abundance

,}ﬁ
zfq,,—f Eggs and larvae of groundfish
[ps (esp. pollock, flatfishes)

Abundance, size, condition
Core Stn Zooplankton community

©  Adaptive Stn Temperature, salinity
—o— Sampled 2016

Zooplankton species composition
Larval pollock abundance
Larval Pollock distribution



[ Large copepods (>2mm) 0

. I Small copepods (<2mm) “"l
[ Euphausiids (Larvae & Juveni
I Chaetognaths
I Other

[ Large copepods (>2mm)

B Small copepods (<2mm)

[ 1 Euphausiids (Larvae & Juver{iles)
B Chaetognaths

I Other

2016 dominated by small
copepods, as expected
with warmer conditions

Smaller copepods are
less energy-rich prey for
pollock

Few large copepods In
the inner and middle
domains, where the
majority of pollock larvae
were found
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High larval pollock counts in 2016

Distributed on-shelf, consistent
with warm-year observations

Likely reflects changes in

spawning location and currents
(Petrik et al. 2014, Smart et al. 2012)

Ongoing research: how does
spatial overlap with prey affect
condition, survival?
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Legend
DY1608AS Events
DesignNew

A coreTrawl Station (31)
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Combined surface, mid-water
trawls with acoustics in 2016.

Age-0 pollock, P. cod, capelin,
herring, salmon, atka mackerel,
sablefish, jellyfish

Energy density of age-0 pollock to
predict over-wintering survival

Zooplankton
Age-0 Pollock abundance
Age-0 Pollock distribution



Proportion total zooplankton

otal Zooplankton Numbers

- Small Copepods(<=2mm)
- Large Copepods(=2mm)

Late summer zooplankton

rapid assessment

(Lamb, Spear, Siddon (RPA))

Overall low zooplankton volume

Small copepods dominated the
rough count numbers, but
Pseudocalanus spp. was rare

Large copepods (i.e., Calanus
marshallae) present in
southwest.

Euphausiids juveniles absent in
northern middle to inner
domains
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catches of age-0 pollock in
surface and oblique (midwater)

Age-0 pollock distribution shifted
eastward (middle and inner
domains)

Outer domain increase in
zooplankton concurrent with drop in
age-0 pollock biomass...spatial
mismatch (Siddon)

Age-0 pollock were the dominant
prey of salmon, sandfish, rainbow
smelt, age-1 & adult pollock



B Summary of 2016 Observations
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' » Low zooplankton biomass and lower-lipid taxa in EBS
| and EGOA

High catches of larval & age-0 pollock in the EBS

— Expect low overwintering survival

High catches of juvenile chum salmon in the NEBS
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