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What did we learn from the unusual North Pacific
2012-2016 oceanic conditions?
How did we respond and what can we expect next?
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Outline

1. Brief recap of observed conditions in the North Pacific (Cisco)

The conditions we witnessed ecosystem-wide were unprecedented, and they gave us the
opportunity to take a peek into what may be either a new baseline or a preview of a
warmer future. e

2. The need for more comprehensive measurements (John)

There is a need for developing observational capabilities that can consider multiple
environmental components simultaneously, and to operationalize these.

3. Next steps in ecosystem management considerations (Doug)

Successful management will have to incorporate impacts of climate change into management
strategies. In collaboration with the Councils, Commissions, and States, we will have to take

deliberate steps to include ecosystem and climate change considerations to best serve the US N P I
public over the next 20 years. T TR
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Last year’'s summary
(Girdwood, 24 Aug 2015)

Present conditions in the N. Pacific are
anomalous and record warm SSTs, but are
not all related to an EI Nino (EN)

July 2015

Signals of a positive (warm) PDO evolving

Models are predicting a “strong” EN in the
Fall and Winter of 2015-2016.

Ocean Acidification impacts the North Pacific
In different ways

HABS...

The possible El Nino/La Nifia seesaw offers
an important window to learn how our
ecosystems and trust species will respond.
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Climate Change “ Stress Test”: From 2012 to 2015, the Example ecosystem stresses/stressors:
Western US and northeast Pacific Ocean experienced climate
extremes (a sustained marine heatwave?) that in many ways

represent a climate change stress test on our marine habitats.

» What happens if temperatures rise and remain
2-3°C above normal for prolonged periods?

« What happens if stratification increases for
prolonged times?

» What biogeochemical changes occur under
prolonged exposure to unusual physical
conditions?

« What changes occur in the food web?

« What happens to vital rates of native species?

« What happens when non-native species enter
the geographic domain?

» \What happens to species that shift outside
their “normal” domain? Do they return?
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Western Australia (WA) 2011 Event
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Northwest Atlantic [HWM 2012 Event
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August 2016

"The blob': how marine heatwaves are
causing unprecedented climate chaos

Australia’s vast kelp
Wide-scale disruption from warming oceans is increasing, but they could change
our understanding of the climate fﬂrEEtE dEFﬂStatEd b}’

ttps:/www.theguardian.com/science/2016/aug/15/the-blob-how-marine- IIlaIiIlE hE‘ atwave _ )
heatwaves-are-causing-unprecedented-climate-chaos?CMP=twt_a-science_b- ' " 2 : o ) S L
dnscience
g w StU-dY reveals KX Coral on reefs around Lizard Island, on the Great Barrier Reef in Australia in July 2016, after
‘3 NOAA FISHERIES the worst mass bleaching event in recorded history. Photograph: Justin Marshall/University of

R Queenslzand



http://www.nationalgeographic.com/magazine/2016/09/warm-
water-pacific-coast-algae-
nino/#/AP_390543457600.ngsversion.1470954342760.jpg
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The Blob (2013-2015): A mass of positive temperature anomalies developed in the NE Pacific

Ocean during winter of 2013-2015. This development can be attributed to strongly positive anomalies
In SLP (the Ridiculously Resilient Ridge), which served to suppress the loss of heat from the ocean to

the atmosphere The extra ered Layer heat persrsted through the summer of 2015.
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National Climate Data Center

SST anomaly (18 Aug 2014) relative to the 30-year
(1982-2010) climatology
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Blob vs. El NInho

The Ridiculously Resilient Ridge: the
proximate cause for California’s extended
drought and the “Blob” of exceptionally warm
ocean temperatures in the NE Pacific (2013-
15)

The typical El Nifio winter pattern, featuring
persistent and intense low pressure over the
Gulf of AK and a very active jet stream and
storm track just north of Hawaii extending
over the southern US and northern MX.

%'@ NOAA FISHERIES http://www.latimes.com/local/lanow/la-me-In-what-a-godzilla-el-nino-winter-looks--001-photo.html
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The end(?) of the North Pacific warm anomaly:

the blob gave way to El Nifio during winter 2015/2016

Nov 2015 Jan 2016 April 2016

-2 -2 -1 L] = -2 -3 -2
Daily Sea Surface T perature A lies (degree_C) Daily Sea Surface Temperature Anomalies {degree_C) Daily Sea Surface T perature A lies {degreae_C)
SST, Daily Optimum Interpaolation (O1), AVHRR I:?nly._'i.l'ersion SST, Daily Optimum Interpolation (011, AVHRR I:?nl:,-'._'i.l'ersion SST, Daily Optimum Interpolation (011, AVHRR I:?nl:,-'._'i.l'ersion
2, F|na|+¥'re imina . 2, Fi a|+Fre?|m|na . 2, F|na|+Fre?|m|na .
(2015-11-15T00:00:00Z, Altitude=0.0 m (2016-0 1-15TDD:UU:rE.UZ. Altitude=10.0 m fEDlE-Ud-lSTDD:UU:rHUZ. Altitude=10.0 m
Data courtesy of NOAA NCDC Data courtesy of NOAA NCDC Data courtesy of NOAA NCDC
Sea Surface Temperature anomalies based on daily optimal interpolated field
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"The Blob' overshadows EIl Nino

2015'2016 EI Nlﬁo “pOSt-mortem” See Jacox et al. 2016, GRL.
and what next?

e The 2015-2016 El Nifio was by some measures one of the
strongest

« Butimpacts on the physical state of the CCS appear weaker
than expected

El Nifio La iﬁa
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| .August 20._16

El Nino to a La Nifa?
Ortoa “La Nada”?

- . (Surface Temp relative
to 1981-2010 average
-

Since the end of the 2015-16
El Nifo in April, the tropical
Pacific has been loitering in
neutral... and it's likely to
stay that way through the
winter.

For now, the “La Nifla Watch” /

IS on hold, since it does not
look likely for La Nina
conditions to develop within e b

the next Six monthsl ';' :' I' — Difference from average temperature (°F)
.9 0
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North Pacific Index (May-Aug) ~
| (averaged for box 30-65N, 160E-140W) A

Past year: the N. Pacific
shifted between Dec-May ~

to Aug, from the EI Niio  *+
that fueled an iNteNSe . ———
Aleutian Low (Dec-Apr) -
... and drove the decline of.
the N. Pacific warming .
features.
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Recently (May-Aug) we have had months with
weak Aleutian Low and a strong N. Pac. High
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Hence, the average
JFM 2016 N. Pacific
SST and SLP
anomalies show a
PDO-like pattern of
SST anomalies, with
cold anomalies in the
central North Pacific
and a warm “arc”.
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16°C -1.2°C -08°C -04'C 0C 04C 08C 12T
Sea Surface Temperature Anomaly

“Dactor, nothing will stop it!”
The Blob-(1958)

Present: The tropical Pacific appears will remain neutral with respect to ENSO. We do not have much to go on
from that perspective towards forecasting the upcoming seasons.

A QUiCk peek forward: models agree that there will be warmer than normal water in the classic arc along
the west coast of N. America (associated with a positive PDO) but the western N. Pacific is not necessarily going to be

colder than normal. The bottom line is that the NE Pacific marine heat wave is not over.

s KT,
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Climate interpretation of the North Pacific marine heatwave of 2013-2015. "
Di Lorenzo, Liguori, and Mantua. US Clivar, Spring 2016 « Vol. 14, No. 2.



Fisheries and biological considerations

Anchovy sch&orms Wband-oﬁ Scripps on Ju




Synthesis: 2015 impacts along the west
coast of N. America

Sea Surface Temperature
Anomaly
. June 14,2015

i

Most warming was due to Blob and not El Nifo

* Phytoplankton was patchy and lower than previous years

« Sardine and anchovy went north

» Market squid shifted north and numbers decreased

* Krill decreased

* Rockfish juveniles did OK on central CA coast

» Seabirds... depending on location (e.g., the mass mortality of
Cassin's Auklets)

* Sea lions did poorly

» “New” (oceanic) species along the coast

-3 2.5 3 .15 ] 05 o 0.5 1
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%'V\E NOAAFISHERIES A Leising, State of the California Current Report (2015) ST Datly Optirau Interbalation (01 AVHRR Only. Geraion 2, Final-+Preliminary
[, Vs (2015-06-14T00:00: 002, Altitude=0.0 m)

o Data courtesy of NOAA NCDC
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2015 Rockfish recruitment survey catches were unusual in that there were record catches of YOY
rockfish and some other YOY groundfish, very high gelatinous organisms (salps, pyrosomes, etc.), and record
catches of what have previously considered to be “El Nifio” or subtropical water mass species (pelagic red crabs,
California lizardfish, lobster phyllosoma), and finally a suite of never observed before were collected such as the

slender snipefish and the greater argonaut.

@ NOAA FISHERIES https://swfsc.noaa.gov/publications/CR/2015/2015Sakuma.pdf



NOAA-NMFS Rockfish Recruitment and Ecosystem Assessment Surveys

MB

Shelf Ocean

All -« Baseline record of Rockfish/Groundfish
and Forage species (e.g., CPS,
mesopelagics, squid) diversity indices

* Record biodiversity levels observed
during the 2015 Blob Event. Attributed to

’ convergence of northern, southern and

. N, i/ 1969 offshore water masses and species

S assemblages.

T i TR | v os Nl o 2016 was alot like 2015 — still strong YOY
W WS W o o rockfish catches. Lots of salps and

) o p | pyrosomes, and pelagic red crabs and
lizardfish — a few less oddballs (such as
argonauts and snipefish) but in general
very similar patterns

Species Richness

35°N

30°N

L I{) o N H
Anom Richness

2015

AT

f@" NOAA FISHERIES Santora et al., in prep.
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@521 > June 28 - September 17,2016 | 50°
il NOAA ship Reuben Lasker
el

2016: Lasker returned from 3 months surveying the
.« CPS complex (sardine, anchovy, Pacific mackerel, jack

mackerel, market squid) In the California Current, from
-« north Vancouver Island to San Diego

-4+ o 4500 nautical miles of east-west transects.

6.8 million gallons of water filtered through CUFES
42 e 260 CTD casts

« 119 trawls, 1000’s of fish measured and weighed
e 28/120 catches did not have any of the 5 target CPS
. ° 2500 otoliths and 700 ovaries collected for age and maturity
The data collected on this survey will be used for the assessment of
CPS fishes, including Pacific sardine and Northern anchovy.
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-130° -128° -12B6° -124° -122° -120° -118°



Of the 120 trawls completed, the number of RIS
trawls for which each of the listed species: " T8

Pacific mackerel, sardines, -
and jack mackerel

Species # Positive Hauls
Sardine 22
Anchovy 46
Pacific mackerel 34
Jack mackerel 42
Market squid 57

o . Pacific saury = "
Composition of catchin -~~~ | A
elagic red cra T A AR -
some of the trawls:
Jack mackerel / ' ‘

We g

(N. Bowlin, J. DiNardo and J. Zwolinski, 2016) Medusafish e a g :’ ,,;:,‘)
w i o _T"#_; : g
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Are we doing/should we - &
do anything differently? ;

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

i; NOAA FISHERIES Alarge group of Bigeye trevallies (bigeye jack) at Cabo Pulmo National Park, Mexico.




Fishing in 2015 confirmed presence of sardine off Oregon before the spring
survey. This was supported by habitat maps. As a result, the northern limit
of the survey was extended to north of Newport, OR in 2015 and 2016.

01-Mar-2015
Data averaged from 25-Feb-2015

01-Mar-2016

Data averaged from 12-Feb-2016
- 100

Optimal

ass (%)
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40

ve sardine

Bad

Potential habitat

126°W 122°wW 118° W

0 Absenk

X, While spawning off OR generally 450 n 45.0° N o Present Not adiustin
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R EEEEEEEEEEEEEEEEEEEEEESESS——————
. o Species composition of the California Current (CC) is changing, species
* Inaddition to the unusual conditions, the are returning, species appearing that have never been recorded and range

ESA and MMPA'’s success ... increasing limits are changing-

abundance of protected spp. can resultin: & S et
o WO ___f__J."lp-H}Elt

a) increased interaction/conflict with human activities;
see Penny Ruvela’s talk this afternoon; S ——

b) increased mortality (in absolute numbers) —_—— e e S
associated with environmental change (e.g., — —
California Sea Lion and Alaska whale Unusual
Mortality Events).

[ Map.l Sat |

Bakersfield
]

» Lessons learned/changes in our future
approach:

Santa

L'os Padres r
C|ac;IIE

MNational For s

o

o Riverside

a) help decision-makers become better prepared to s

deal with surprises, e.g., better communicate the
range of environmental variability that can be
expected.

b) Doing more MSEs with robustness to climate
shocks could be more of a focus.

o Escondido I
ERicali
Tijuana

o
Ensenada

Baja

@“; Example: increasing abundance of loggerhead turtles in the SCB,
‘N NOAAFISHERIES (L Ballance, S Lindley, T. Garfeld) triggered fishery closures by a SST threshold. The rule requires revision.
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Concluding remarks

* The ecosystem-wide conditions we witnessed were unprecedented, and
they gave us the opportunity to take a peek into what may be either
recurrent conditions or a “new baseline”.

* We need greater nimbleness to capture sudden or unexpected changes:
either rapid response or sustained ship and in-water capabilities — leading
to time series that are the baselines for tomorrow’s surprises. John

 Decision-makers need to be ready and better prepared to deal with
surprises. Doing more MSEs with robustness to climate shocks could
provide a focus. Doug

&% NOAAFISHERIES
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