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EcoFOCI: A 30 year partnership between
NOAA Research and NOAA Fisheries

Speakers: Carol Ladd and Phyllis Stabeno

EcoFOCI Program Leads:
Phyllis Stabeno (OAR) and Janet Duffy-Anderson (Fisheries)

v e ISAO Euay
noaaressall  NOAAFisheries J L\ PMEC L




Background @
EcoFOCI
Ecosystems and Fisheries Oceanography Coordinated
Investigations

* Fisheries Oceanography:

— “The study of oceanic processes e —

An Integrative Approach to Fisheries
Ecology and Management
Edited by

affecting marine ecosystems and the
relationship of these ecosystems to
the abundance and availability of fish.”

Parsons and Harrison, 2000
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* Ecosystem
research in the
following regions:

— Gulf of Alaska

_ Bermg Sea/ ; 4 i
Aleutian Islands K’”

— U.S. Arctic it
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*  Alaska’s coastline measures ~10,700 km
(more than all other states combined)

*  Bering Sea shelf has larger area than the
state of California

»  Alaska Peninsula/Aleutians has longer
coastline than entire eastern U.S.
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Relevance =

EcoFOC\
Alaska provides > 50% of US commercial fisheries catch (> $1.5b). ecg;sg‘;gﬁgg;ed
It is NOAA’s responsibility to sustainably manage U.S. fisheries. fisheries management

. — . Indices and assessment tools
US Domestic Commercial Fishery Landings ~IEIC
®Alaska W Restof US. \ ement Council | Climate-forced models
5,000,000.00 Environmental and
ecosystem data

4,500,000.00
4,000,000.00
3,500,000.00 ‘Tf
3,000,000.00 1~

2,500,000.00 "

2,000,000.00 |

Weight of catch (metric tons)

1,500,000.00 {

1,000,000.00

500,000.00 {°



| Relevance '@v‘

Protected, Endangered, & Threatened Species A
NOAA’s responsibility to manage endangered and threatened marine species

 Climate needs to be
considered for ESA listing

* EcoFOCI data and expertise
have been valuable in ESA

considerations:

EcoFOCI scientists projected that
annual sea ice will continue to be
available to Ribbon Seals in the
northern Bering Sea for the next 50
years.

* Moorings of opportunity:
Acoustic data are monitoring the
Bering and Chukchi Seas for marine
mammal activity.

2014 PMEL Lab Review 6



o ATMOSp
oA\ =0,

G

Quality/Performance ;@“\;
Gulf of Alaska —

= C OAR!
NORT paciFic RESEARCH P

GULFsALASKA

PHOTO TAKEN BY Stacey Klimkosky

Project conceptual model

seabirds &
marine mammals
5 target YOY & gz
A groundfish juvenilesf = [ X T‘ff ’;m\.“t”\‘
Long-term moorings Bhecks ; J,,l {2 }{ forage

fishes

® Bio-physical stations

primary and
secondary

productivity 0 5 100 200 300 Kilometers
S T O T S 1 I S |

M climate &
oceanography

S — http://nprb.org/gulf-of-alaska-project
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Gulf of Alaska %}T

EcoFOC\

Cross-shelf exchange mixes
basin water: high nutrient, iron-limited
shelf water: high iron, nutrient limited.

-
Alaska
' Coastal™

Current

High Nutrient
Low Chlorophyll
(iron limited)

|= 2m precipitation
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Gulf of Alaska @

. Canyons and Bank Gap & Barrier Winds
Mechanisms & s L

influencing
nutrient
supply tothe .

Eddies

2014 PMEL Lab Review
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Gulf of Alaska

Post-bloom Pre-bloom Ed d IES

Sitka Eddy | Yakutat

Nitrate ~ Chl

4 ) bl e First cruise ever to
. N compare 3 different types | ssn
. . of GOA eddies
. B synoptically
: : 56°N

* High nutrients in eddy

core waters.
45 54°N
% e Transport of coastal
= chlorophyll off-shelf.

LATITUDE

Depth (m)

S IR S s it S I 1 * Shallow formation region

2 for Yakutat eddy —
1 sediment derived iron in 50°N

143°W 141°W 139°W 137°W 135°W 133°W 131°W
10 core. LONGITUDE

s Chlorophyll a (log, mg m—3)

Ladd et al. (2009)

1000 1 00000000 OO 00 O 0
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- SE Distance (km) NW
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Gulf of Alaska

Gulf of Alaska Ocean Transport (SSHa) Lower Trophic Level (CHL-a)
offshore downwelling reduces reduced nutrients lead to lower
nutrients in gyre productivity in the gyre
immediate a b
downwelling

3

SSH;! » ' —— range [-8.8] CHL—IG

Cova ri a bi I ity fesponss ol Regressio Correlation
between SSHA and '

Chlorophyll-a from || s, | —————————= S
o SSHa > { s range [-.7.7] CHL-a T, . rangel-4 4]

CO m bi n ed EO F ol Regression . Correlation &
dana IyS|S 5" . wSitka&Haida . b “;1‘5“;60fC'HL4.:aIe !

range [-.8.8] 4

Eddies - variancein gyre
delayed 10
cross-shelf transport | D [cm] - [R] - D

response

coastal downwelling energizes eddies export coastal iron and
mesoscale eddies CHL-a to offshore

2014 PMEL Lab Review DiLlorenzo et al. (2013) ,
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Gulf of Alaska 2

1)
Gap Winds ¥Fo%‘

In the eastern GOA:

Monthly Histogram * Offshore directed winds
F mhurricane (>32.9 m/s) Occur ~10% Of the time-
Ostorm (24.7-32.9 m/s)

Ogale (17.5-24.7 mfs)
m10-17.5m/s
m<10 m/s

e Offshore directed winds
more common during

0
=)

Average Events per Month
w
o

o

00 1 2 3 4 5 6 7 8 9 10 1 12 Winter.
(b) Interannual Histogram e The number of strong
45 - 2.0
540 | Saom |- ] F15 . .
_ S £ |2 [ENSQIndex_ ho E offshore directed wind
Wind Speed and Direction g %0 |mmiovsme | — £ N o5 8

events each year is
correlated with El Nino.

2014 PMEL Lab Review Ladd et al. (submitted) 13
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Wind speed

a) Control Run
) (mis)

— 50 m/s
25
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b) Gap Wind Run

136.0°W

Gulf of Alaska
Gap Winds

| Wind Forcing (black) and SSHA (color) |
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LONGITUDE
SSHA (cm)

EcoFOC\

Effect of Gap Wind
event on regional
oceanography

Model Results

*Changes in coastal current

*Localized upwelling of
nutrients

* Formation of eddies

Ladd et al. (submitted)



Gulf of Alaska
Canyons & Banks

59.0°N

oo 58.0°N
59.0°N 4
Drifter
; Trajectories
57.0°N —8 1] l I
56.0°N
% Albatross Bank

55.0°N

156.0°W 154.0°W 152.0°W 150.0°W 148.0°W 146.0°W 144.0°W

Drifter
Trajectories
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Gulf of Alaska

Canyons & Banks
Tidal Forcing No Tidal Forcing

025 Modeling work demonstrates

0.25
0.20 0.20 the importance of interaction
el oua between bathymetry and tides
= =5 for supplying nutrients to the
0.05 0.05 .
euphotic zone.
0.00 . 0.00
152.0°W 151.0°W 150.0°W 149.0°w — 0.150 152.0°W 151.0°W 150.0°W 149.0°w —> 0.150
33.4 g 33.4
33.2 33.2
v 330 @ 40 33.0
= 32.8 = 32.8
(3 32.6 = 32.6
P 24 o © 124
a 32.2 a 32.2
© 120 .. 32.0 © 120 .. 32.0
Sallnlty 31.8 SaI|n|ty 318
L 11T 31.6 T —TTTT 31.6
151.4°W 15OB°W 150.2°w 1496W 151.4°W 1508°W 150.2°W  149.6°W

Cheng et al. (2012) ,
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Gulf of Alaska ~

Canyons & Banks 5
Mean Nob/102 y May 16 - 31 * Larvae are released over the slope
. Mean abundance of rockfish | : : :
1 ms B e *  Hot spots associated with Amatuli Trough
o | S GwAl and Shelikof Sea Valley
a0 | - S : :
W <o00] SRS , * Onshore surface transport associated with

these features

Amatuli
Trough

po AU L S

Sea Valley

T T
160°W 150°W

Sebastes spp. (Rockfish) Larvae
Doyle and Mier (submitted)
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Gulf of Alaska

B .‘.;/w]foql chloroph, .
£ A Average Spring

.’f M o, Conditions ' .
‘2 .» 3 -y 14 Sprlng'
Plenty of light

Plenty of nutrients

Bloom over most of shelf

Average Summer
Conditions

Summer:
* Plenty of light
* Lower nutrients (nutrient limitation)

e But still high phytoplankton
concentrations around Kodiak.

2014 PMEL Lab Review L - 18
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The old paradigm

Cold Regime (Bottom-Up Regulation)
'rin‘r" - —6?‘*1 _—
= T e —
Bering Sea : ine ===
g Warmlng WO“ld result lno Beginning of Warm Regime (Bottom-Up Regulation)

ke
g

e Reduction of sea ice

Warm Regime

* Uniform warming of eastern #E
Shelf Beg.i:rling of Cold Regime

* An expansion of the southern

ecosyStem northward Early Ice Retreat — Late Bloom, Warm Water - Large Copepod Biomass
)

* Marked increase in catch,
particularly subarctic species
of fish

February March April May June
2014 PMEL Lab Review 20
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Road to a new paradigm
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Bering Sea

Beginning in 2001, a series of
warm years had a profound
impact on the Bering Sea
ecosystem. It soon became
evident that our paradigm
needed to be modified.

Bering Sea Project — NSF,
NPRB and NOAA partnership

— was the pathway to this goal.

2014 PMEL Lab Review



Mean number of days of ice cover
March -April

65° N

s
&n, i

Bering Sea

Russia

60° €—
Boundary
between
northern and
southern
Bering Sea

v ‘ N 550

®

gm0 @ |
176° 172° 168° 164° 160°W /‘
Stabeno et al., 2010; 2012 cooroo 2

)
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Interannual variability in sea-ice extent
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Bering Sea Sea ice (extent and

e timing of retreat) is the
| primary driver of the
ecosystem of the
southern Bering Sea

M8

55°N

Max Ice Extent Bering Shelf_
Mar 30, 1976 Sea -
Apr 02, 2001 i
Mar 31, 2008 fﬂ

180° 175°W 170°W 165°W 160°W

—
0 O
o O

High inter-annual variability

N
o

20

Percent Ice Cover
D
o

5

0 I S S T SR TR S 1 P T T L | I S T S T PR PR
1970 1980 1990 2000 .. 2010 ”’
Stanzas of similar years @
2014 PMEL Lab Review \/‘

Stabeno et al., 2010; 2012 EcoFOC!
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Cold pool and its influence on pollock

Bering Sea

Warm

( 2005 ) Differences in the
extent of the cold
pool and relative
abundance of pollock
in warm and cold

Cold years.
(2009)
|2 O.LO 0.I25 O.ISO 0.75 1.00 ﬁm‘

Relative Abundance N

Stabeno et al., 2012, Ianelli et al., 2014 \‘/

EcoFOCI



Change in abundance of large zooplankton

* Cold years increased
abundance of large

__ 180 12000 zooplankton
™ -+ Large ) -
g 100 -small | 10000 E * Successive warm years
2 = reduced numbers of

120- - 80000
S S zooplankton
£ 1001 £
c 60000 <
5 8 =
8 60 40000 9
N S

40
& 20000 =
© 20 =
S 0 7

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Warm Years Cold Years
Eisner et al., 2014
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As a consequence, age-0
Bering Sea  POllock consume richer
diets in cold years, better
preparing them for their first
winter and enhancing
survivorship.

% Lipid in diet

12

.

Warm Average Cold
Heintz et al., 2014

2014 PMEL Lab Review
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Average Energy Content (kJ/fish)

Principle groundfish species in the Bering Sea
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0.0 4
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Change in survival of young-of-the-year pollock
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Pacific_cod
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The new paradigm

Warming would result in:
Bering Sea * Decreased sea ice in the south, but not in the north
* The southern ecosystem will not expand northward

* Large zooplankton abundance will decrease
* Decrease in catch, particularly subarctic species of fish

10— L B S S B S L S B S LIS L R S R B S B ]
80 March - April 3
60
40
20

Percent Ice Cover

&)
V

1970 1980 1990 2000 2010
2014 PMEL Lab Review
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The new paradigm

Warming would result in:
Bering Sea * Decreased sea ice in the south, but not in the north

* The southern ecosystem will not expand northward

* Large zooplankton abundance will decrease
* Decrease in catch, particularly subarctic species of fish
* Change from interannual variability to stanzas.

Poor
survival of
yoy pollock.

Multiple

years of
reduced ice

Warmer Decrease large
temperature zooplankton

Mechanism

100
80F
60F
40F
20F

March - Aprlill_E

V

(

=
[
>
IS}
&}
[}
L
-
c
[}
o
<
[}
o

1 9;0 1 9;30 1 9I90 2000 20‘1 0
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Quota cut from

P INFORMATION
million tons PATHWAY

S
We E”VIRoNME“‘p\‘
Bering Sea
4O Depth Averaged Temperanure nopaly 02— @ @]
SSC supports recommendations to 6 ool Depthveraged Temperit ";"’ T 1°3
Relevance reduce pollock harvest based on s @ I\ M ""i/ \ﬂ :4o§
assessment and continuation of poor g °'°' W " W‘ | 138
. " 5-2.0 | oo.oo ‘M')M,nw kog
(warm) environmental conditions =
- a 2000 2 2006 2010 20|2

NORTH PACIFIC 2005 moored and

data reveal unfavorable
ocean conditions for recruitment

Fishery Management Council’s
Science and Statistical Committee

(SSC) receives warning

Fishery Management Council

Summer Calanus marshallae

®  Middle Shelf
o Outer Shelf

A

Stock assessment model reveals % % b iil i

low/declining recruitment P PR e - - o

Year
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US Arctic Regional
Sea-Ice Predictability Study

ARCTIC EIS

Arctic Ecosystem Integrated

DBO

Distributed Biological
\\‘0"'“ s

RUSALCA

Russian-American Long-
term Census of the Arctic

BOEM
“=  CHAOZ CHAOZ-X ARCWEST SOAR
Chukchi Acoustic, Oceanographic, CHAOZ extension to Arctic Whale Synthesis of Arctic
and Zooplankton study Hanna Shoal Ecology Study Research
W "
. "o,'q. Synt:nfesis
2014 P — —
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Currents over the Chukchi and Beaufort Shelves
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Arctic

Quality

Daily Ice Draft (m)
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Daily Ice Draft (m)
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Ice draft and percent ice cover at C2
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Influence on water properties
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Total transport at Icy Cape
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Monthly Mean Transport
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Marine Mammals
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 Improve ecosystem predictions
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Temperature: where fish like to be
Currents: move plankton and small fish
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