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Ecosystem impacts of hypoxia

Normal Inner-Shelf Dungeness crab

Rockfish Community piles in intertidal
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West Coast shellfish aquaculture: $270 Million annually
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Harmful Algal Blooms (HABS) Close Flsherles

Clam opener
canceled due to
high toxin count

OLYMPIA — The first Beaches affected by the
razor clam dig of the fall sea-  health :!naure include iﬂng
son has been postponed due  Beach, Twin Harbo ors,
to elevated levels of marine Copalis, Mocrocks and
loxins on Washinglon's Kalaloch.

Southern coast closed to all Dungeness crab § o
ﬁshmg due to increase in marine toxins ;

inally published June 9, 2015 at 8:08 am | Updated Jur 2015 at 1:49 pm
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What happened during the Warm Blob?

Biological Impacts in the California Current

1. Persistent warm waters
e

% mussels

2. HABs —record bloom, high domoic =
& x » Sealtle e

ocid inshellfis el
”4 1 3 ® Westport

Q =~

© Long Beach

Quinault tribe razor clam harvest closure (WA) 1 bivalve
Commercial, tribal & recreational razor clam harvest . frivaeis IRk CN)
. . BV ciosure (WA) e 1 o
3. Closures, Delays in Commercial S¥ay  Razo cam havest cosur (ot OR) b3
14-May State wide razor clam harvest closure (OR) «Newport Dungeness
Flsherles 15-May  Shellfish harvest closure (BC Canada) 1 2 crabs
29-May Anchovy viscera maximum 1671 ppm (CA) A P4 I
1-Jun  Anchovy, sardine fishery closure (CA} 1Y CeosBay \" .
3Jun  Dungeness crab maximum 65 ppm (WA) * Ophir R;m % o
5Jun  Dungeness crab fishery closure (WA) 1 e
i 1 Anc! ardi & ded P
4. Krill declines, Inshore movement of ] o e wi S e Spnld oy
11-Sep  Dungeness crab maximum 140 ppm (norther CA)
prey 27-ct  Razor clam maximum 170 pom (southern OR) doiphins/
3Now Dungeness crab & rock crab warning for recreational EUh
harvest (CA)
6-Nov  Commercial rock crab fishery closed (CA) harbor seals
. . 8-Nov D crab maxi 70 ppm (southemn OR)
5. Late set of commercial crabbing gear 1oy D085 b  ock cra rcroatona & commerci
oo et o
22-Nov  Dungeness crab maximum 270 ppm (northem CA) . %
23-Nov  Rock crab maximum 1000 ppm (southern CA}
Delayed opening of commercial Dungeness crab fishery whales
23-Nov
6. Record number of whale (YA, OR, CA)
9-Feb-2016 CA seeks federal disaster declaration for commercial crab
| . el M detected
entanglements in CA ; \
- _ i 0 N }-;:f’* © Santa Barbara . P

® LosAngeles

2 e SanDiego

McCabe et al. (2016)




Government of Canada

NORTHEAST PACIFIC «“ . .
MAJOR OBSERVING svsTEMs TRRAAL Regional Ocean Observing

ROy Through Cross-National
‘ Cooperatlon: A case StUdy From the Ocean Observatories Initiative (OOI)
Northeast PaCifiC" &L:é(;léwatig Identification System
Frontiers in Marine Science (2019)

NOAA-IOOS-NANOOS

Ocean Networks Canada

¥
LB BB B A

Community Observatory

Geo-seismic Sensor

--------

Meteorological Buoy

B
PACIFIC
OCEAN

Mooring

@
4
Fe=N
' Hydrophone
C]
®)
O

Node

o)) Ocean Radar

) Shore Station

7

Axial seamount
S0

00T EnduTAron aa Canadian Conservation Area
Washihgton Lin
; GG e AR IR Ferry Route

—— Fibre-optic Cable

——- Ship or Glider-based Observing

001 EndufanceAcay: S
wash/lﬁgzon Line” D

Mo Pue

)
0O0I Cabled AP

Barth et al., (2019)



Barth et al.
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NSF’'s Ocean Observatories Initiative (00I)

o e > N =
. Chmate Change Ocean Acidification Dissolved Oxygen S :

UW CEV-Graphics

Global Biogeochemistry and Carbon
Cycling

Ocean-Atmosphere Exchange

Ocean Circulation, Mixing and Ecosystems

Climate Variability and Ecosystems

Coastal Ocean Dynamics and Ecosystems
o Hypoxia on Continental Shelves
o Shelf/Slope Exchange




OOl In the Pacific
Northwest

Node

 Low c;ltége Node
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50%

Endurance Array

e Cross-shelf mooring lines at

Newport and Grays Harbor
(N & S of Columbia River)

e Oregon Line connected to the i |
Cabled Array 4 - N

Columbia

e 6 deployed gliders year-round
e 20 platforms:

EA ~240 sensors
Cabled EA ~39 sensors

W High Voltage Primary Mode
* Medium Yoltage Node

* Locations chosen based on groione
existing long-term data

128 126 124 122



Endurance Array: Oregon Line

As designed: Endurance Array - Newport Hydrographic Line

e s
& 7 s
e Full water = -I- S
column SV 4
S /“ {
* Cross-shelf i
resolution oo
. Inshore
Eilggf? POWET, . 25m = Inner Shelf
H I ® waves
b.andvglldth ] * link to nearshore
\8”(? 8CLa50% to e river-driven flows
m )
80m = Middle Shelf
: * upwelling jets/fronts
« Benthic | I8N 500m = Slope | sand/mud botiom
platforms s sam & « poleward under- ypoxia

* wind stress curl

ﬁg@ PN1C current_ _
" VOIC * boundary mixing
Offshore * vertical migration
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Endurance Array: Washington Line

BIG BUOYs — 7m on MOORINGs

¢ wind, rain, humidity * CTD, O,, // / /
* air pressure & temperature, ~ ° Chl-a, OBS, CDOM . . Y, (—.
* long & short wave radiation ~ * point velocity —— SR 9 -

* wave spectra, air-sea pCO, * Spec.Irrad,, NO,,

. SURFACE PIERCING
* surface CT & velocity Opt. Atten. & Absorp. PROFILERS

* pH, pCO, ADCP —_—

1 -+ CTD, 0, PAR

ﬁ * Chl-a, OBS, CDOM

~ + point velocity

* Spec. Irrad., NO,,

* Opt. Atten. & Absorp.

GLIDERs
« CTD, 0,, PAR
* Chl-a, OBS, CDOM
* velocity

Endurance WA
Inshore

WIRE FOLLOWING
PROFILER

« CTD, 0,, PAR

* Chl-a, OBS, CDOM
* point velocity

MOORING ANCHORs
* CTD, O,,

* Chl-a, OBS, CDOM
* Fast point velocity

Opt. Atten. & Absorp.

pH, pCO, ADCP
Bioacoustic sonar, camera,
Integrated pressure

* Many instrument types
* See oceanobservatories.org
Endurance WA Offshore » Stretch hoses 2 bandwidth & power

- 500m






Severe hypoxia kills Dungeness crabs — summer 2017
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60+ membe
16 Acadce
« 17 NGO
4 Tribal
« 16 Gov'’t
« 10indus

Northwest Association of Networked Ocean Observing Systems

The Integrated Ocean Observing System (I00S)
Regional Association for the Pacific NW

I00S

Integrated Ocean WWW. n a.n O O S . O rq

Observing System



http://www.nanoos.org/

NANOQOS Visualization System (NVS)
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NANOOS climatology app

(Thanks to Craig Risien, OSU)

Temperature Anomaly
August 2019 NVS CLIMATOLOGY Login More v &5 NANOOS
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surface water is warm ...

NDBC 46229 / CDIP 139, Umpqua Offshore, Or

22 [ 1 | 1 l |
2005-2018 seasonal cycle (N = 14 years
—— 2019 (12h smoothing) ------- +/-1std
20 raw data (limited QC) ------- +2std
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ENDURANCE WA
OFFSHORE PROFILER MOORING

Vertical profiler mooring observations
(3 times per day; > 11,000 profiles)

Submersible Surface Buoy

Wire-Following Profiler
(with ingtruments altached)

Mooring Riser (chain)

El Nifho

CEO090OSPM Daily Temperature Anomalies

winter
storm
took out
mooring

El Nifo

warm blob
50! " 'ﬂ' nw

J

350 —
400 —
450 [~
I
PGRLL AL | NI B R B x L4 I
Oct Jan  Apr Jul Oct Jan Apr Jul
2014 2015 I 2016

Ocean Observatories Initiative

U Ny | | &

Oct Jan Apr

N

19| SNwely| v N
Jul Oct Jan
2017

Y BEai

Apr

-

|
L Al

|

Jul
2018

Oct Jan

Apr

2019

Jul



oregonstate




Using gliders to track subsurface
temperature anomalies Trinidad Head temperature anomaly

averaged over inshore 200 km
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50-m

0-200 km
offshore

The California Current remains warm

Temperature anomaly (°C)

-2

Temperature anomaly indices

—— QOceanic Nino index (NOAA)
— SoCal index (Rudnick)
—— Trinidad Head index ‘
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