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NOAA Fisheries Science Covers a Wide Scope

High-quality, timely applied
scientific information for
conservation & management
decision-making

Legislative drivers include

*  Magnuson-Stevens Fishery
Conservation and
Management Act (MSA)

’ Endangered Species Act (ESA) Fisheries Information and

Statistics
Stock Assessments

. Marine Mammal Protection
Act (MMPA)

. E.O. on Promoting American
Seafood Competitiveness and
Economic Growth

« Economic and Social Analysis

Marine Ecosystems Research

Habitat Assessment and
. National Environmental Policy Research

Act (NEPA)

Monitoring and Analysis
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Importance of the oceans in the global food supply for Fish is crucial for nutrition, especially in

continuing to meet the needs of a growing population. Africa, Asia and Oceania

| Food and Agriculture Organization
1 of the United Nations

African countries
Countries in the Americas
Asian countries
European countries
Oceanian countries

Food and Agriculture Organization
of the United Nations
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O Marine Capture
. Inland Capture
. Inland Aquaculture
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With world population approaching 9 billion people (by ~2040), where agriculture already uses 40% of the Earth’s land

surface and over 70% of water used, increased utilization of the ocean as a human food provider seems inevitable.

Solutions (capture fisheries and aquaculture) are available: but they also require broader political & social commitment,

technological innovation, and changes in behavior.
g ! & Adapted from M. Barange, 2019 ICES ASC
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Network of natural, social
and engineering scientists

“The size of collaborative teams is increasing,
turning the scientific enterprise into a densely
interconnected network...” (Barabasi, 2005)

“Contemporary science is a dynamical system of undertakings
driven by complex interactions among social structures,
knowledge representations, and the natural world.”

(Fortunato et al. 2018)
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Outline

* Requirement for different ways to:

° 1 _ H ”
A quick look back — “taking stock - Sample (data acquisition)
 We have made a great deal of *  “Count” (assessments)
progress... are we done? * Make decisions (management)
e Secular & rapid rates of change .

Evolving technologies and models
* Environmental variability *  ‘Omics, Al/ML, UxS, Cloud Computing

*  Movement/behavior/shifts e Data-driven science?

* Changes in food web structure

. Thresholds  Earth System Models (5252D)
° Evolving ”SeaSCape” ® C||mate & F|Sher|e5
* Offshore energy
+ Aquaculture * Discussion & Conclusions
) - - s Adminisation | Natonal arine Fisheres Sen
: NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service | Page 6
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A quick look back, taking stock...
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https://lwww.fisheries.noaa.gov/media-release/number-us-fish-stocks-sustainable-levels-

remains-near-record-hi

Notable advances in our sustainable fisheries and protected species

Overfishin .
1 9 | Recovering threatened and
2018 endangered species:
* 97 domestic,
* 66 foreign,
! * 90 transnational
, , Recovery plans in different ey . ) ; e X 2
91% not subject 9% subject to o . . 2 = L S
to overfishing overfishing stages and may require: "n/ L) g N =
(293 stocks) (28 stocks) — = . =
* Restoring or preserving : ' s T = (3
1 2 ’ "I - g
Overfished habitat. : _ 2 ; i
1 1 A . ‘ TN
* Minimizing or offsetting the ' : _ B
1=
effects of actions that harm T oA o A =
species.
Enhanci lati Nine species, for some their numbers so low
‘ n agcmg population that they need to be bred in captivity; others
AUMBETS. are facing human threats that must be
82% not 18% overfished ; CRE
ove rfoishe p ( 4°3 stocks) httos://www.fisheries noaa.qov/feature- addressed to prevent their extinction.
(201 stocks) story/recovering-threatened-and-endangered-
species-report-congress-2017-2018
>
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https://www.fisheries.noaa.gov/media-release/number-us-fish-stocks-sustainable-levels-remains-near-record-high
https://www.fisheries.noaa.gov/topic/endangered-species-conservation
https://www.fisheries.noaa.gov/feature-story/recovering-threatened-and-endangered-species-report-congress-2017-2018

Should we stay the course?

Photograph by Jonathan Le
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Oceans are Ch

anging (rapidly)

>

Temperature
expected to
increase by 2-4°C
by end of century

(IPCC, 2014; Pershing et al. 2015,
f Science)
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“Marine heatwaves
have become longer
and more frequent
around the world”

- Eric Oliver, The Conversation

9 NOAA FISHERIES

[
Marine Heatwaves occur everywhere in the ocean

2003: Mediterranean Sea

4°C warmer than average for 30 days
Largest event on record

Mass mortality of marine life in rocky reefs

‘Warm air ("normal heatwaves")
«can drive marine heatwaves by
warming the ocean surface

Ocean currents can drive
marine heatwaves by moving
around warm water

2011: Western Australia

Largest event on record

Seaweeds, fish and sharks moved south

Climate modes, like ELNifio, can cause
marine heatwave events to occur

Over 3°C warmer than average for 60 days

400 8.38
—e— Atmospheric CO, (ppmv)
8.33
375 —— Seawater pCO, (natm)
Seawater pH 8.28
s 8.23
o 2=
O Q
325 8.18
200 Average surface ocean pH is &1\ 8.13
expected to further decrease by 8.08
0.13 to 0.42 units by 2100 (rcc, 2014
275 T T T 2 T ( T ) T T 8.03
1940 1950 1960 1970 1980 1990 2000 2010
B Year
2013-2015: "The Blob" | &
2'4,°C warmer than average for 226 days
Longest event on record
Caused unseasonably warm weather in !
Pacific Northwest of USA and Canada
i The Ocean and Cryosphere
in a Changing Climate
Summary for Policymakers
2012: Northwest Atlantic
22°C warmer than average for 56 days
Largest event on record
Lobster fishery peaked early and led to
Canada-USA economic tensions
10
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Chukchi

Sea
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Environmental variability
Movement/behavior/shifts

e Changes in food web

Sources: Esri, NOAA

structure
e Thresholds

https:/iwww.seattletimes.com/seattle-news/as-bering-sea-ice-melts-nature-is-changing-on-a-massive-scale-and-
alaska-crab-pots-are-pulling-up-cod/?utm_source=twitter&utm_medium=social&utm_campaign=article_inset_1.1
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Shifts/movement ecology...

Population shift/expansion <10 years ,
=
Pacific cod and N
pollock distribution
moved shoreward ¥
and northward as
cold pool (<2°C) ¢ Sori
rin
was reduced. pring
' Bolmmhzlpoluture'c o Bon?mutnp'outure'c . o ‘ 'Mnomquflum:'C R
| Bottom Temperature (BT) <0°C Min. BT =1.6°C BIaCk Sea BaSS
Pactc:)lglc bari . 197085 Bt 75% ...
R
—— T T T
-76 -74 -T2 -70 -68 -66
- Population shift/expansion ~40 yrs
https:/lwww.nytimes.com/2016/12/30/science/fish-climate-
change-northeast.html

(Courtesy of B. Foy, S. Barbeaux, K.Holsman, B. Lauth, L. Britt, S. Zador; AFSC, 2019)
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Changes in communities...
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Biomass Anomaly (Log10)

Food web structure — changes in zooplankton composition

Ann
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Northern Copepod Anomaly

Northern lipid-rich
copepods

Vl
97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

0.8 Southern Copepod Anomaly fg::’;i:‘s'w""“‘d
0.6 ~
04 BAN Calanus pacifcus

\ 4 Photo: Moira Galbraith
02 Dept. Fisheries and Oceans
00 z I A g Canada
0.2 ‘J
04 Copepod taxa biomass anomaly
0.6 collected 5 nautical miles off Newport
—0.8 T T T T T T T T T T T T T | | T T T T T T T T T

(OR): northern, cold water, lipid-rich
species and southern species, warmer
waters, lipid poor.

97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Year
(Courtesy Toby Garfield, Chris Harvey et al.; CC-IEA)
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Changing climate is shuffling relationships among variables and processes

1960s - Late 1980s 1990s - 2000s

Wind Stress
Coastal Upwelling

Until recently, the PDO accurately described the climate * Resulting from continued changes of the world’s

pattern north of 38°N, and the NPGO south of 38°N. oceans, correlations between the PDO and

PDO and NPGO captured climate shifts that resulted in NPGO indices and regional climate and biological
reorganizations in biological communities over vast variables that have previously been strong, are
oceanic regions. now weaker or have disappeared.

I g
5@:} NOAA FISHERIES https://wwwfisheries.noaa.gov/feature-story/understanding-ocean-changes-and-climate-just-got-harder 15


https://www.fisheries.noaa.gov/feature-story/understanding-ocean-changes-and-climate-just-got-harder

From stationarity to non-stationarity

e  Stationarity — when systems that fluctuate within an
unchanging envelope of variability; a foundational
concept in fisheries and other resource management
efforts.

. Non-stationarity — times series whose properties (e.g.,
mean, variance, etc.) change with time and, thus, are
harder to predict.

* Some changes in components of the Earth System
(hydrologic cycle, cryosphere, oceans, etc.) are
related to evolution of the Earth’s climate.

(Milly et al. 2008)

pormoe,
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Changes in sea-scape

Offshore wind development Aquaculture

— Sediment plume

— Boat wake

https://www.fishfarmingexpert.com/article/world-s-first-offshore-fish-

farm-arrives-in-norway/

* Collaborate across sectors to improve science, management,

and operations
* Recognize the physical, biological, P

economic, and social interactions among
the affected aquaculture and fishery- strengthen science and management

related components of the ecosystem +  Optimize benefits among a diverse set of societal goals.

* Develop science framework to assess cumulative impacts and

I o g
{@XE NOAAFISHERIES (Courtesy Jon Hare and Andrew Lipsky; M. Rust) 17
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https://earthobservatory.nasa.gov/images/89063/offshore-wind-farms-make-wakes
https://www.fishfarmingexpert.com/article/world-s-first-offshore-fish-farm-arrives-in-norway/

Recapping a few key points...

* The changes in oceans and their

ecosystems are unprecedented.

* They have given us the opportunity to
take a peek into what may be either
recurrent conditions or a future “new

baseline”.

* We need to be ready and better-

prepared to deal with surprises.

7
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We need different ways to:
* Sample (data acquisition)
* “Count” (assessments)
* Make decisions (management)

Climate Science Strategy
Highlights

OAA NOAA 5
N FISHERIES e M
FISHERIES g s

B Policymakers’ Summary MNMFS Headquarters Ecosystem
NOAA Technical Memorandum NMFS-F/SPO-184 { Based Fisheries Management
une 2018 Based Fisheries I Implementation Plan

Alaska Region Implementation Plan

=

=

)

NOAA FISHERIES Methot, Link, Lipton, Lynch, Merrick, Cyr, and many others...
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NOAA Fisheries

Stock Assessments and
Ecosystem Approaches

Next

sy - Holistic &
% o Ecosystem-Linked
‘\
.
.
.
.
eneration

fock beee

Assessment

Enterprise

Timely, Efficient,
Effective

* Conduct process research

* Holistic approaches: spatial,
species interactions,
environmental drivers

* More complete and explicit
inclusion of uncertainty
(ensemble modeling, decision
analysis/MSE)

I g
’@; NOAAFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 20
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“non-stationarity”

PAST FUTURE * Robust management strategies to reduce risks

6000

* Precautionary approaches
* Plan for extremes

4000

Bsp (tons)

* Forecasts to help plan and target fishing

A v
p1v /o DR R R [T Tt Bp iy SEpRRA Y O S

* Adapt timing of fishing season

0 3 ' - * Flexible regulations

1980 2000 2020 2040
Year

Managing for variability — not stability — is the key to adaptation

Need strategies to dampen highs and lows affecting livelihoods, logistics and economies

Modified from Eva Plaganyi, FAO Fisheries Sustainability Symposium, Rome, Nov 2019

I g
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S



Next Generation Data Acquisition Plan

»  Last comprehensive evaluation of our surveys was the 1998
“NOAA Fisheries Data Acquisition Plan’.

* Thereis a need to re-visit our data-collection needs and
strategies in view of:

Laltade

» Changes in “questions”... fish stocks’ distributions, vital
rates, efc.

* Need to include ecosystem considerations
» Changes in fleet composition (ships)
»  Partnerships with industry and communities

* New technologies & new analytical capabilities

"https:/fwww.st.nmfs.noaa.gov/st4/documents/DataPlan.pdf

sormze,
i i NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service | Page 22
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Expansions in observing and computational capabilities...

(J. Delaney, UW)

.}<'

Frequency [Hz]

Autonomous systems
Advanced technologies
”Oceans” of data
Artificial intelligence

Whale vocalizatiohs




Evolving approaches: new technologies and analytics

Unmanned Artificial Cloud
Systems Intelligence ‘Omics Computing

NOAA Linmanned Systems Strategy NDAA Artificial Intelligence Strategy
Maxim n Support Analytics f cience

Earth Prediction Innovation Center (EPIC)

L

NOA Science § Technolagy Focus Areas:
Unmansd Systms = Arfcl tligencs + Tnics » Ciud

“... NOAA’s strategies on UxS, ‘Omics, Cloud and Al, will be crucial to understanding our vast ocean resources ...
and, in partnership with Federal agencies, the academic community, non-profit organizations, and the private
sector, NOAA is helping advance America’s ability to understand, manage, and conserve our ocean resources...”

=

e
{ @‘% NOAA FISHERIES https://www.noaa.gov/media-release/noaa-finalizes-strategies-for-applying-emerging-science-and-technology 24
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https://www.noaa.gov/media-release/noaa-finalizes-strategies-for-applying-emerging-science-and-technology

Summer
of 2019

.....

eDNA to detect and support

/"“ T . o o
Pacific Hake estimates of Pacific Hake

Joint US/Can:
»;%: % I Pacific Hake Surv.
E@ [4] {.( Kitimat
T ¢ 3
= K

P =)
*N

wwwww

gt

Bell M Shimada o
Nordic Pear| o=
*  CTD
I
BEW  122W 130w 128w

Acoustic transects ( s

CTD stations ( X)
"@ NOAA FISHERIES
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Evolving approaches
“Data-driven science”

“Without data
you're just
another person
with an opinion.”

W. Edwards Deming,
Data Scientist

O ——— Ih»«.ln S—— —- 2550,

Hydraulic and Drum-Rotation Sensors

Electronic
Monitoring

’vf NOAAFISHERIES (Courtesy B. Richards, W. Michaels, J. Durban, and B. Alger ) 2
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It used to be... But now...

|W3Y Xepul/Jeuos uwn|o9
dew/Aaobeeouapbu:mmmy/:sdpy

weeks, =
days, 5
months, g
weeks ,
years

. . . . . ) . *:\‘5 5 ¢ ‘s 3 44“* o ¥ ‘
« Careful calibration e Limited calibration P, b7 Ly
ORI IR S ORI
Careful ground truth « Limited ground-truth == " e s tebed, e 2 2
° HypOth esis-driven:  Data-driven: Biogeotemical o S
we (kind of) know what to look for where/what should we look for?

"@/} NOAAFISHERIES (Courtesy Wu-Jung Lee, APL-UW; OCEANS “19) 27
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Global Climate Models (x 7)
ECHO-G
MIROC
(G 7
CCSM4-NCAR- PO
MIROCESM-C-PO
GFDL-ESM2M* PO
GFDL-ESMIM" PON

Projection Scenarios (x3)
AR4A1B

Bering Sea 10K Model

Evolving Approaches ...
Modeling & Integration

Climate Enhanced Biological models (x 5+)
CE-single species assessment models
CE-multispecies model ((EATTLE)

CE - Size spectrum model
CE-Ecopath with Ecosim
End-to-End model (FEAST)

*ktupwmp;:

biogeochemical * i 7! at"h
habitats ~ W*47 ¥, 4 s\ Socio-ecological
P n System
Paagiey &

3, 'NATIONAL OCEANIC AND
L ATMOSPHERIC ADMINISTRATION

ACLIM
Alaska Climate Integrated Modeling Project

ACLIM:
Alaska Climate
Integrated
Modeling

Project
Socio-economic / harvest scenarios (x 5+)
interacting Nofshing
" & Status quo
e ‘3“ By-catch changes

CE-reference points

by, oy

Coupled

—r communities
e b 9‘ / of place
— Bma

109]0Jd-8UI[opOW-patelgotul-oeWI-esse|e/

—12.718281828:¢

)X ’>>,
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https://www.fisheries.noaa.gov/alaska/ecosystems/alaska-climate-integrated-modeling-project

Marine Heat Waves (S2S) forecast skill

(could we have predicted the 2014-16 () WEATHER FORECASTS
NE Pacific Marine Heat Wave?) Eimocpreric condtons.

S2S PREDICTIONS

predictability comes from initial
atmospheric conditions, monitoring the
land/seal/ice conditions, the stratosphere
16 excellent and other sources

60N —1

SEASONAL OUTLOOKS

&)
08 _; 1 predictability comes primarily from
04 g = good sea-surface temperature conditions;
[ E,‘) accuracy is dependent on ENSO state
- & @
-0.8 5 2 fair ————R—I——:—T——
12 D IS (
-16 L
o 2 oc ﬂ
O poor
180 150W 120W W IL
Thus far, different types or aspects of MHWs are: ZE10
« more or less predictable depending on the forcing S w
mechanisms at play, and
» events that are consistent with predictable ocean 30-90+ days
responses could inform ecosystem-based management of FORECAST RANGE
the ocean. White et al. (2017), Meteor. Applications.

Jacox et al. (2019) doi: 10.3389/fmars.2019.00497
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Longer time-scales require consideration of Earth System Models (ESMs):
integration of atmosphere, land, water, ice, biology (and the human dimension)

ESMs: T, S, pH, nutrients, biogeochemistry (models’
initialization and data assimilation)

Chlorophyll prediction skill (1-3 months lead time)

Global marine biogeochemical prediction system
produces skillful chlorophyll predictions one season in
advance in many ocean regions.

D North Atlantic F North Pacific

— North Atlantic 24

e summer anomalies 2z 08

predictable 24 mos. 2o u 06
* winter anomalies 18

not predicable 10 u o4

14 0.2
North Pacific -

e prediction skill is
weaker (role of iron
deposition?), and/or -04

8
6
* stronger stochastic . Yy
atmospheric forcing ) h.
causing irregular Chl. . -8

fluctuations AN APNAE RN A

10 -0.2

Incorporating chemical and biological data into forecasts
remains one of the hardest challenges in OBCG.

ARGO and BGC-ARGO to observe large-scale ocean and
plankton ecosystem patterns.

I g
"@l} NOAAFISHERIES Park et al. (2019) Seasonal to multiannual marine ecosystem prediction with a global Earth System Model. Science. 30
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NMFS Climate Information Needs

Weather Seasonal to decadal forecasts Climate change projections
i i forecast
Historical Info Global
Warming

10000 kms
Mill-Latitude
o 1000 kms High and Low
O Pressure
S .
n Regiona Species
100 kms Floodi Annual Catch Recovery
OOv Ing Limits Plans
Hurricane Monitoring i
10 kms and and Closures Protected Species
Tropical Management
Storms Actions
Past Day/Week Month Year ) Decade Century
Time
%‘f@é NOAAFISHERIES Modified from Tommasi et al., Progress in Oceanography, 2017 31

>

t"n..




Climate and Fisheries Initiative

developed by
NMFS’ Science Board &
OAR’s Senior Research Council
to identify how to provide climate science needed for
effective management of marine resources

Vision

NOAA and its stakeholders have robust
climate- and ocean-related forecasts,
predictions, and projections to guide

management and adaptation strategies
that reduce risks and increase resilience
of marine/coastal resources and the
people who depend on them

W. Higgins, D. Detlor, R. Griffis, M. Jacox,
D. Tommasi, A. Hollowed, C. Stock, et al.



Concluding Remarks

e,

S,
,j NOAA FISHERIES https://spo.nmfs.noaa.gov/sites/default/filess TMSPO188.pdf
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https://www.google.com/url%3Fq=https:/spo.nmfs.noaa.gov/sites/default/files/TMSPO188.pdf&sa=D&source=hangouts&ust=1591707993459000&usg=AFQjCNHF_st_8o1C4D32tUvVcibhY-Ts1Q

Scenario l-’lanning

Science Advice for Future

Management Actions £ ///

Plan for future scenarios (we know it is going to happen!)

® Structured scenario planning, e.g., management

strategy evaluations (MSEs) yau

Plan for emerging fisheries PN e o Jacsy,

YA
- Yo .
S5

Utilize and include decision support tools in stock
assessment reports: communicate risk and
tradeoffs

Facilitate regular engagement between scientists,

managers, academia, and affected communities

(e.g., through regular and open dialogue at MSEs, EBFM —>
workshops and debriefs) trade-offs

@ NOAA FISHERIES 34



Physical-ecosystem-human linkages in a rapidly changing ocean:

what will we need to know ... and how will we get there?

Everything!

Hypothesis- and data-driven science
e Data collection

* Analytical approaches

Modeling
* S2S52D

* Climate & fisheries

Co-production of advice: science,
management and stakeholders/communities S

s,
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Thank
you

Please contact me

with any questions

or comments at
cisco.werner@noaa.gov

NATIONAL

Photograph by G. Lecoeur | 2016 National Geographic Nature Photogra
GEOGRAPHIC © Copyright 6. Lec:
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