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Personal field log p. 3 
Green tides can cause a rotten egg smell on beaches.

Climate conditions p. 4
Air temperature and ocean conditions remain warm. 
Precipitation has increased, yet river flows remain unusually low. 
Upwelling has been normal while sea surface temperatures are 
high.

Water column p. 5
Puget Sound waters continue to have record high temperatures. 
Ongoing drought effects (lower freshwater inputs) shift salinity 
to higher than normal levels. Coastal Bays, Hood Canal, and 
South Sound exhibit lower oxygen.

Aerial photography p. 10
Large jellyfish aggregations are visible in some finger inlets of 
South Sound, inlets of the Kitsap Peninsula, and East Sound 
(Orcas Island). Algae blooms present in South Sound and Kilisut 
Harbor.  Nooksack and Stillaguamish river plumes carry soil.

Continuous monitoring p. 35
At the Mukilteo mooring, water temperature remains warmer 
than past five years, salinity is about normal, and dissolved 
oxygen declines slightly.

Streams p. 39
The Skagit River delivers less freshwater to Puget Sound in 
the summer.
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Information on Hydrogen Sulfide from the Washington Department of Health:
http:// www.doh.wa.gov/CommunityandEnvironment/Contaminants/HydrogenSulfide

Algal Mats and Human Health

Personal Field Impression 
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Personal Field Impression 
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During the summer, boaters and beachgoers may see large islands of green algae on the water and on the 
beach.  These algal mats may contain a menagerie of seaweed, seagrass, eelgrass, and debris. The άƎǊŜŜƴ ǘƛŘŜǎέ 
can be a visible sign of eutrophicationin coastal environments which then negatively effect water quality.  The 
algal mats can also impact human health.  When the algae decompose, they give off hydrogen sulfide gas, which 
is an irritant and a chemical asphyxiant(causing breathing difficulty).  It can lead to headaches, fatigue, 
dizziness, and poor memory.  If you smell rotten eggs at the beach, it might be from green tides.   

Algal mats decomposing on the 
beach can smell like rotten eggs.

Boaters beware! Floating algal mats 
can also trap debris such as logs. 

http://www.doh.wa.gov/CommunityandEnvironment/Contaminants/HydrogenSulfide


Field log Climate Water column Aerial photos Continuous monitoring Streams

Natural Influences leading to 9 -21-2015

Summary:

Air temperatures have remained 
warmer than normal across 
western Washington since March 
of 2014.

Precipitationlevels were 
generally above normal in 
western Washington during 
August; rain was episodic.

Sunshinehas generally been 
above normal.

River flows are below normal, 
especially for the Fraser and 
Skagit rivers to the north.

Upwelling has returned to normal 
and the PDOremains in the warm 
phase.

Climate and natural influences, including weather, rivers, and the adjacent ocean, can affect our 
marine waters.  Graphics are based on provisional data and are subject to change. 
http:// www.ecy.wa.gov/programs/eap/mar_wat/weather.html, page 26.

tǳǘǘƛƴƎ ǘƘŜ ǇǳȊȊƭŜ ǇƛŜŎŜǎ ƻŦ ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ ǘƻƎŜǘƘŜǊΧ

lowerhigher expected No data*Upwelling Anomalies (PFEL)

*

http://www.ecy.wa.gov/programs/eap/mar_wat/weather.html


We use a chartered float 
plane and boat to access 
our monthly monitoring 
stations.

We communicate data and 
environmental marine 
conditions using:

1. Marine Water 
Condition Index 
(MWCI)

2. Eyes Over Puget 
Sound (EOPS)

3. Anomalies and 
source data
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Our long -term marine monitoring stations in Washington

Start here

Isl.

.

http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/stationinfo.html
http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/stationinfo.html
http://www.ecy.wa.gov/programs/eap/mar_wat/surface.html
http://www.ecy.wa.gov/programs/eap/mar_wat/surface.html
http://www.ecy.wa.gov/programs/eap/mar_wat/mwci.html
http://www.ecy.wa.gov/programs/eap/mar_wat/mwci.html
http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/data.zip
http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/data.zip
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Unusual Puget Sound conditions explained

In 2014, a massive pool of warm water developed in the NE Pacific (the Blob).  During the summer of 2014, Blob waters 
were held offshore by the process of upwelling, as northerly winds moved surface waters offshore to be replaced by  
cooler upwelled water.  This buffered the coast.  In the fall of 2014, northerly winds subsided and the Blob moved 
onshore, entering Puget Sound on a massive scale.  

Fraser River is the largest freshwater source for the Salish Sea - significantly affecting estuarine circulation

Higher than normal

Lower than normal

Expected

As of Aug 2015 
(left), the Blob is 
sitting offshore, 
separated from 
the coast by a 
thin band of 
cooler, upwelled 
water, like in  
summer of 2014. Estuarine circulation is now weak since the snowpack-starved 

rivers have record low flows. This reduces chances to bring cool, 
upwelled ocean water into Puget Sound.

The freshet of the Fraser River and 
other rivers flowing into Puget Sound came much 
earlier due to the mild winter, resulting in below 
normal flows. Water that is in Puget Sound will 
therefore remain longer. That means more warming 
and, potentially, an accumulation of pollutants.

Credit: Christopher Krembs
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Physical conditions tracked in historical context
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Higher Temperature! Expected OxygenHigher Salinity

Is lower oxygen 
in Hood Canal 
and South Sound 
due to lack of 
water exchange?

Explore profiles
at all stations

August temperaturesare still at record-breaking highs.  Ongoing drought effects (lower freshwater inputs) 
shift salinity to higher than normal levels.  Coastal Bays, Hood Canal, and South Sound exhibit lower 
oxygen. 

http://www.ecy.wa.gov/programs/eap/mar_wat/anomaly_frame.html
http://www.ecy.wa.gov/programs/eap/mar_wat/anomaly_frame.html


a) Pacific Decadal Oscillation Index (PDO, temperature) (explanation)

b) Upwelling Index (anomalies) (Upwelling, low oxygen) (explanation)

c) North Pacific Gyre Oscillation Index (NPGO, productivity)  (explanation)
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The ocean affects water quality:  Ocean Climate Indices
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Three-year running average of PDO, Upwelling, and NPGO indices scores

.

Ocean boundary conditions are in transition:  (a) water is warm (PDO), (b) upwelling of low oxygen and 
high nutrient ocean water is expected (Upwelling Index), and (c) higher surface productivity along the 
coast (NPGO) is expected.  Where are we heading next? 
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http://en.wikipedia.org/wiki/Pacific_decadal_oscillation
http://www.nwfsc.noaa.gov/research/divisions/fed/oeip/db-coastal-upwelling-index.cfm
http://www.o3d.org/npgo/


Is the food web changing in Puget Sound?

Follow the experts
WebEx 

Hypothesis!

Increases in 
nitrate 
concentrations 
could be caused 
by a top-down 
control on 
phytoplankton 
biomass.

Is Noctiluca
a visible 
harbinger of a 
food web 
change?

Hypothesis for combining a series of recent observations
affecting energy and material transfer to higher trophic levels

Are changes in higher tropic levels part of a story of the lower food web?

https://nwfsc200.webex.com/nwfsc200/ldr.php?RCID=98bc73bd3835de9205d05f5ffe9960f4
https://nwfsc200.webex.com/nwfsc200/ldr.php?RCID=98bc73bd3835de9205d05f5ffe9960f4


Summary:  Aerial photography 9 -21-2015

Large jellyfish aggregations are in some finger inlets of South Sound and present in inlets of 
the Kitsap Peninsula and East Sound (Orcas Island).  Phytoplankton blooms in colors of red-
brown in South Sound.  Brown bloom was in KilisutBay.  Occasional algal mats drift in Central 
Sound and Samish Bay.  Nooksack and Stillaguamish river plumes carry sediment.
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Start here

Mixing and Fronts:
Fronts visible around river plumes.

Debris:
Occasional mats in Central Sound and Samish Bay.

Visible blooms:
Green-brown:  Quartermaster Harbor.
Red-brown:  Eld, Budd, and HendersonInlets.
Brown:  KilisutHarbor, MarrowstoneIsland.

Jellyfish:
Very abundant and large jellyfish patches in southern inlets
of South Sound (Budd and Eld Inlets), Sinclair Inlet, and 
East Sound (Orcas Island).
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Suspended sediment:
Suspended sediments with brownish color suggest soil in 
Nooksack and Stillaguamish River plumes.  Skagit River with 
glacial flour.
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Greeted in the morning by moon jellyfish

Algal bloom in Quartermaster Harbor



Strait of 
Juan de Fuca

San Juan Islands

Padilla Bay

Main Basin

Hood Canal

South Sound

Whidbey Basin
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Observation Maps:

Good visibility in North Sound, 
broken clouds in South Sound.

Flight Information:
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Aerial photography
and navigation guide

Central and North Sound

South Sound
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Tide data (Seattle):

Time Pred High/Low
04:59 AM 0.96 L
12:13 PM 9.51 H
05:50 PM 6.82 L
11:02 PM 8.86 H
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Large patches of moon jellyfish mixed in with red-brown bloom.  Reflections and shadow of cloud. 
Location:  Budd Inlet (South Sound), 10:21 AM.

1 Aerial photography  9 -21-2015 Navigate

Field log Climate Water column Aerial photos Continuous monitoring Streams

B
lo

o
m

boat

jellyfish

jellyfish

jellyfish

jellyfishjellyfish

jellyfish

jellyfish

cloud reflections

cloud  shadow

jellyfish



jellyfish

boat

jellyfish

jellyfish

jellyfish

2 NavigateAerial photography  9 -21-2015
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Numerous patches of jellyfish in water containing red-brown algal bloom.
Location:Priest Point Park, Budd Inlet (South Sound), 10:22 AM.
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3 NavigateAerial photography  9 -21-2015

Large jellyfish patches in water containing fading red-brown algal bloom.
Location:EldInlet (South Sound), 10:24 AM.
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4 Navigate
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Aerial photography  9 -21-2015

Numerous large patches of jellyfish in water of turquoise color.
Location:Sinclair Inlet (Central Sound), 10:46 AM.
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5 NavigateAerial photography  9 -21-2015
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Mixing of water containing different colors due to algae bloom.
Location:Off IllaheeState Park, Port Orchard (Central Sound), 10:50 AM.
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Greenish algae bloom and fish pen.
Location:Port Gamble (Central Sound), 11:00 AM.
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Northern end of brown algal bloom bordering clearer water with a view to bottom.
Location:KilisutHarbor, MarrowstoneIsland (Central Sound), 11:09 AM.
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Greenish algal bloom in western portion of Penn Cove.
Location:Off Fort EbeyState Park, Penn Cove (South Sound), 11:50 AM.

8 NavigateAerial photography  9 -21-2015
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A. B.

Coastal erosion and suspended sediment near cliffs along shoreline.
Location:  A. Off Fort Ebey State Park, B. West Hastie Lake Road, Whidbey Island (North Sound), 11:52 AM.

9 NavigateAerial photography  9 -21-2015
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