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Puget Sound
is fjord-like;     
a glacial-cut 

estuarine 
system

• It is deep

• Its nearshore
is narrow

Newton, Stormer, UW-COFS; Data source: NGDC
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Implications for the ecosystem:

• It is only a narrow “fringe” of nearshore
habitat that supports many species at some 
point in their life cycle

• Because narrow, we have less ‘leeway’ 
regarding destruction of nearshore habitat 

• Removing or degrading a portion of the 
nearshore habitat in Puget Sound does not 
have the same proportional effect on the 
living system as in a shallow,  flat estuary

Photo: PSAT 2004 State of Sound



Puget 
Sound 
Tides

Finlayson, 2006

Tidal range:
2.5 – 4.5 meters  

Tidal prism:
5% (3-11%) of volume 
(169 km3) 

 Current speeds: 
>1 m s-1 to weak 
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Puget Sound is deep, with strong tides, but sills tooPuget Sound is deep, with strong tides, but sills too



Puget Sound circulation is retentive

TacomaStrait of Juan de Fuca

Sill



Implications for ecosystem:

• Inputs to Puget Sound stay around for a long 
time…

– Long-lasting effects that can be de-
coupled from source elimination

• Biota in Puget Sound have a high degree of 
residency

• Both good and bad:  this is why Puget Sound 
is highly productive, but also highly retentive 
of contaminants

Photos: PSAT 2004 State of Sound



PNW estuaries 
have strong 

influence from 
climate

Global influence on:
ocean conditions 

watershed conditions
local weather

NASA SeaWiFS Image



Coastal Upwelling
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Implications for ecosystem:
• Climate effects, like ENSO, droughts, 

upwelling/downwelling, have strong 
influence on Puget Sound

• Variability is strong due to climate forcing; 
therefore need to preserve resiliency, 
redundancy and diversity to assure 
ecosystem sustainability

• Even more profound in light of uncertain 
effects from climate change

UW Climate Impacts Group



Observing water
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“Why are so many cruises
‘not typical’ ??” 

• ocean is big; ships are small
• conditions are dynamic in both space and time





??

Differences between Hood Canal
and Puget Sound

Differences between Hood Canal
and Puget Sound



Within Puget SoundWithin Puget SoundWithin Hood CanalWithin Hood Canal

“ORCA” buoy data
Devol, Ruef (UW)



Basins

• Hood Canal: slow 
circulation

• Main Basin: fastest 
circulation

• Whidbey Basin: most 
freshwater input

• South Sound: strong 
mixing, slower circulation



High variability

All profiles during July 2008, 
Hood Canal, Puget Sound, WA



ORCA buoys

1) North of HC Bridge
2) Hama Hama River
3) Hoodsport
4) Sister’s Point

“O.R.C.A.”

Oceanic 
Remote 
Chemical-optical 
Analyzer Picture by: Wendi Ruef

Part of NANOOS 
Observing System



Fundamental Issue:

We are limited and poorly coordinated 
with respect to environmental data 
supporting fundamental societal needs.

R. Spinrad, NOAA



Congress: we need a system that can 
fill societal needs for ocean data

• Must be sustained
• Must be driven by users
• Must be responsive to regional needs
• Must fill needs from end to end

The Integrated Ocean Observing 
System is designed to fill this need



Seven goals, one system

 Improve predictions of climate change and weather
 Improve the safety and efficiency of maritime operations
 Improve forecasts of natural hazards and mitigate effects 
 Improve homeland security
Minimize public health risks
Protect and restore healthy coastal ecosystems 
Sustain living marine resources





Diverse Needs Require 
a Regional Approach



NANOOS 
priorities:

• Maritime Operations
• Ecosystem Impacts 

& Assessment
• Fisheries & Marine 

Biodiversity
• Coastal Hazards
• Climate



24. Western Association of Marine Laboratories
25. Science Applications International Corporation
26. OR Dept of Fish and Wildlife
27. King County Dept Natural Resources & Parks
28. Quinault Indian Nation
29. Western Resources and Applications
30. OR Dept of State Land
31. Columbia River Crab Fisherman’s Association
32. Port of Neah Bay
33. Northwest Research Associates
34. Pacific Ocean Shelf Tracking Project
35. WA Dept of Fish and Wildlife
36. Northwest Aquatic and Marine Educators
37. Seattle Aquarium
38. NOAA Northwest Fisheries Science Center
39. Port Gamble S’Klallam Tribe
40. The Nature Conservancy
41. Portland State University
42. NOAA Olympic Coast National Marine Sanctuary
43. VENUS/University of Victoria
44. University of Oregon

1. Ocean Inquiry Project
2. OR Dept of Land Conservation & Development
3. Surfrider Foundation
4. The Boeing Company
5. Oregon State University 
6. Puget Sound Partnership
7. University of Washington
8. WET Labs, Inc.
9. Oregon Health and Sciences University
10. Quileute Indian Tribe
11. OR Dept of Geology and Mineral Industries
12. Humboldt State University
13. Marine Exchange of Puget Sound
14. WA Dept of Ecology
15. Pacific Northwest National Laboratory
16. Port of Newport
17. Puget Sound Harbor Safety Committee
18. Sound Ocean Systems, Inc.
19. Council of American Master Mariners
20. Hood Canal Salmon Enhancement Group
21. Pacific Northwest Salmon Center
22. Northwest Indian Fisheries Commission
23. Sea-Bird Electronics, Inc.

NANOOS Governing Council Members 4/2011

NGO Federal/State/Local Government

Industry
Academia/ResearchTribal Government



PNW Ocean Observing Systems Design



Coastal Ocean Observing System

Current mapping Shelf moorings
Beach/shoreline

monitoring
Estuary

monitoring

Circulation 
models

Shoreline change
models

Data Management
& Communications Education/Outreach



NANOOS-supported buoys record REAL-TIME HYPOXIA status that 
informed the Washington Dept. Fish and Wildlife who decided to close 
Hood Canal to recreational fishing because of added stress.

Instant access to data assures managers that their policy is substantiated.

An autonomous buoy 
operated by UW in 
Hood Canal shows very 
hypoxic waters.  Data 
available in real-time 
over NANOOS NVS.



NANOOS and NERRS worked with the Pacific Coast Shellfish Industry 
to produce REAL-TIME WATER QUALITY DATA access.

Shellfish Growers now use an interface they designed that allows them 
real-time water quality conditions so that they may strategize their growing 
activities (e.g., harvest, seeding, etc)



NOAA’s 
pCO2
sensors on 
the UW -
NANOOS 
profiling 
“ORCA” 
buoy in 
Hood 
Canal. 

Data are 
relayed in 
near-real-
time to UW 
and NOAA.

UW – NOAA collaboration to 
measure ocean acidification:



ORCA sensor
Package pCO2

equilibrator



CO2 in air and seawater from a NOAA PMEL pCO2 sensor on the 
NANOOS-supported, UW-operated ORCA buoy at Twanoh, Hood Canal, WA. 
Preliminary, raw transmitted data, courtesy of C. Sabine (NOAA).

Summer season plot for May-August 2010: 
• fairly steady atmospheric signal
• relatively variable surface seawater signal.  

Reduction in seawater CO2 likely due to increased primary productivity and associated drawdown of CO2
through photosynthetic uptake.  

Spikes of high seawater CO2 likely associated with deep mixing events during stormy conditions.



NANOOS Visualization System (NVS)

http://www.nanoos.org/nvs



NANOOS Visualization System (NVS)
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NANOOS Visualization System (NVS)
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NANOOS Visualization System (NVS)

http://www.nanoos.org/nvs



Serves cruise data

Serves buoy data

NANOOS Visualization System (NVS)

http://www.nanoos.org/nvs





The value of NANOOS

Program

1. Washington Dept 
of Ecology

2. Oceanic Remote 
Chemical-optical 
Analyzer (ORCA) 

3. USGS
4. University of 

Washington –
Applied Physics 
Lab

5. NOAA National 
Data Buoy Center

6. King County
7. NOAA National 

Ocean Service
8. IntelliCheck

Mobilisa
9. Hood Canal 

Dissolved Oxygen 
Program
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NANOOS is a community of people that 
provides data through one place for quicker 
decision-making.

9 data providers in Puget Sound alone!



Find the IOOS RA in your area



New developments in 
observing 



Murdock Charitable Trust

Award for observing assets

























NANOOS glider helps verify outer‐coast POST receiver arrays 
designed to measure survival rates of migrating fish

This year ~800 tagged juvenile salmon (mostly 
spring Chinook and steelhead) will be coming 
out of the Columbia River.  We know they go 
north along the coast, but we need to 
understand where the bottlenecks are in terms 
of survival.  

The only mechanism to measure survival 
directly is the POST array.  The two purple 
lines which their route (dotted line) crosses are 
part of the POST array.  Our goal is to 
measure the extent to which the salmon are 
swimming around those lines into deep ocean, 
versus sticking to the shelf where we can 
count them.  In other words, how accurate the 
outer coast lines are as a measure of 
survival.?

The yellow lines are last year’s glider track, 
and the green marker shows where the single 
salmon was detected during our trial run.  As 
an aside, it was a) on the shelf (a good sign 
from our perspective) and b) very late to be 
lingering so far south, which is interesting as 
well.  We tracked that particular individual 
coming down the Columbia and it was 
detected on the Willapa line (lowest in the 
picture) before it was heard by the glider, so it 
is likely to be real .



Glider used to track migrations of Humboldt squid, which are expanding northwards

Red arrow shows release location in Sept 
2009 of 24 tagged squid, of which 11 (yellow 
lines) were detected within the next couple of 
months on the Willapa receiver line (black and 
white circles) to the south.  The glider track is 
in yellow; one squid tag was heard (green 
arrow) a year after release six times at the 
bottom of a dive in about 350 m of water close 
to the edge of the shelf. 

We know very little about the migrations: this 
year almost no squid have been sighted, but 
they were plentiful in 2009 and 2010.  They 
are supposed to be totally pelagic animals, 
rarely found over the shelf, so it was a 
surprise to find them where we did. 



Could gliders take the place of expensive ships to download 
data from remote lines?

“The yellow things are receivers, moored on the bottom with 
special yellow flotation collars.  The tagged fish, shark and squid 
are being detected by them.  The ship is uploading data from a 
receiver via acoustic modem – our current standard practice.  
I want to test whether a glider could swim along a line and talk to 
every receiver – it could be a HUGE cost savings.”



NANOOS proposed system:
UW, POST, NOAA, PNNL, Cascadia, BioSonics

• Detect migratory spp: whales, porpoises, pinnipeds, fish
• Passive: Vocalization detection to develop a 
“bio‐acoustical climatology”:
– Instrument Cha’ba buoy as a “bus” providing bandwidth, 
extending range and real‐time relay, for three cabled bottom‐
mounted sub‐station receivers for noise level and frequency: 

• relatively sophisticated recording Passive Acoustic Listener package (“PAL”, 
designed and built at APL; Nystuen)

• less expensive “EAR” system (Ecological Acoustic Recorder) ‐ a digital, low‐
power, non‐discriminatory system, optimal for dolphins, porpoise

• a programmable “C‐POD” (Chelonia, Ltd.) to detect, identify and record 
cetacean vocalizations

• Active: Tag detection to see fish migrations
– Outfit buoy and glider with POST sensors, expand POST network 
on shelf; use glider to interrogate POST receivers 



NANOOS proposed system:
UW, POST, NOAA, PNNL, Cascadia, BioSonics

• Focus on migratory spp:  whales, porpoises, pinnipeds, fish

• Use a passive sonar to listen for vocalizations, passively record 
and identify vocalizers, thus expanding site‐specific acoustic 
libraries

• Use an active interrogating acoustic system (POST) to query 
count and identify passing tagged fish

• Use direct (photographic) and satellite‐tracking observations 
of large whales for comparison with acoustic data

• Measure fundamental oceanographic variables

• Acoustically monitor wind speed, rainfall, and anthropogenic 
noises

• Develop and apply new Data Management and Communica‐
tion (DMAC) techniques aimed at yielding usable products



Summary
• Marine systems can be quite unique
• The ocean is big and observations are few
• New technologies makes data collection and 
data access much more effective

• New ideas needed for how to measure things 
that we currently don’t do well
– Biological organisms, rare compounds

• Working together is more efficient for all
• Come with us to sea…it is addicting!



Final thought
• A question you may wish to think about is 
whether and how would your work benefit 
from a very dense underwater 
sensing/sampling nodes (hundreds) at various 
locations and depths? 

• What new science could be enabled by such a 
network?

• We have no idea !!


