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Introduction  

Our task was to conduct a comparative program of field observations in Willapa Bay with additional 
measurements in Grays Harbor to create a near real-time data set for comparison with larval 
recruitment and spatfall, open-ocean water quality and upwelling events.  In addition, the program 
assisted the Whiskey Creek hatchery in establishing a water quality monitoring capability at the hatchery 
intake.   Also, key aspect of this study was to assess a range of potential environmental stressors, one or 
more of which are believed to be responsible for extended periods of larval and juvenile mortalities in 
the hatcheries, and possibly reduced spatfall in Willapa Bay.    

Originally, the WDFW Oyster Reserve contract allowed field and laboratory work to be billed to WDFW 
until December 31, 2009.  The reserve account also provided partial support for a companion project to 
identify oyster strains resistant to the poor conditions in the Whiskey Creek hatchery and to facilitate 
survival of planted hatchery-reared resistant seed as an alternative seed source to wild set.  
Unfortunately, efforts to identify resistant oyster strains proved difficult in 2009, as the necessary 
upwelling events were hard to predict.   As a result, funding for vibrio resistant strains was ended but 
samples already taken were preserved for later genetic analysis.  The unspent funds from the VRS 
project were reallocated to water quality monitoring in 2010.  Since project funds were not fully 
expended during the 2009 field season, a contract extension was applied for and granted to extend the 
project until February, 2011.  This extension allows for data collection and research during the 2010 field 
season, which has already begun.    

Key participants include: 

• Willapa-Grays Harbor Oyster Growers Association (WGHOGA) –grower representatives: Tim 
Morris, Brian Sheldon, Ken Wiegardt, Dick Wilson, David Nisbet, Eric Hall, Nick Jambor, and Don 
Harders 

• Whiskey Creek Hatchery -- Mark Wiegardt and Alan Barton 
• WDFW-Nahcotta Laboratory -- Bruce Kauffman and Alan Sarich 
• Pacific Shellfish Institute – Dan Cheney, Andy Suhrbier, Mary Middleton and Aimee Christy 
• University of Washington – Alan Trimble 
• Oregon State University – Chris Langdon, Burke Hales, Brett Dumbauld and Mark Camara 
• Aquatechnics – Ralph Elston 
• NOAA -- Richard Feely   
• Washington State Department of Ecology (Bay Center Mooring)—Carol Maloy, Marissa Jones, 

Christopher Krembs 
 
 
 
 



 
 

Field Study Roles 

Grower/PSI/Grays Harbor MRC volunteers 

Provided in-shore and on-shore sampling directed at determining the chemical, physical and biological 
characteristics in waters associated with remote setting sites in Willapa Bay, assist Grays Harbor 
sampling efforts, and supported continued operation of the WDOE Bay Center station.   Deployed YSI 
water quality sondes, conducted seasonal sonde calibration, conducted water quality and bacterial 
sampling.  Facilitated meetings among project participants, coordinated data collection and analysis 
prepared interim reports for presentation at PCSGA and WAS meetings, prepared progress report, and 
administered the project between WDFW, OSU, UW, Aquatechnics and other team members.  

UW – Trimble  

Provided open-water field support for sampling and measurement of a suite of chemical, physical and 
biological parameters in Willapa Bay.  Deployed YSI water quality sondes, conducted water quality, 
bacterial and plankton sampling, and assessed gametogenesis and spawning in oysters from selected 
stations.   

Whiskey Creek  

Whiskey Creek Shellfish Hatchery staff established a comprehensive water quality monitoring program 
at the site.  A YSI data logger was purchased and deployed near the hatchery’s seawater intake in 
Netarts Bay.  The data logger provided a continuous record of Chlorophyll, Temperature, Salinity, DO, 
pH, and ORP.  The remainder of the funds were used to send samples to Burke Hales at OSU, to better 
understand trends in important chemical properties, and to Dr. Ralph Elston at Aquatechnics, to 
establish a record of bacterial concentrations in the bay, including the prevalence of pathogenic vibrios.  

Results to Date 

Grays Harbor: 

 Sampling efforts in Grays Harbor were conducted by oyster grower and local volunteers with 
supplies provided by the Grays Harbor Marine Resources Committee (MRC).  PSI staff provided training, 
technical assistance and maintenance of a YSI data logger in the bay.  Field sampling locations were 
situated at 2 remote setting sites. One in North Bay, Lone Tree Oyster’s facility along the Campbell 
slough and one in South Bay, at Brady’s Oyster facilities on the Elk River channel (figure 1).   The YSI data 
logger was placed near the entrance of the bay, at the USCG station, to monitor incoming and outgoing 
waters at a 1m depth collecting continuous DO, pH, Salinity, Temperature, ORP and Chlorophyll data.   

 YSI data at the Westport station displayed a heavily oceanic influence, where pH dropped as 
temperature decreased and salinity increased (figure 2) during the summers of 2009 and 2010.  This can 
be directly attributed to upwelling events spurred by North winds (Figures 3 & 4).  These upwelling, low 
pH water events coincide with those witnessed at the Whiskey Creek shellfish hatchery in Netarts, OR.  
These events pushed pH levels below 7.7 and D.O. levels below 5 mg/l in a few instances. 

 



Water samples were collected weekly for bacteria, nutrients, DO and CO2/pH during peak incoming 
tides.  CO2/pH data collected at the 2 Grays Harbor sites in 2010 displayed interesting trends.  In North 
Grays Harbor Ω aragonite (omega –a) levels closely followed salinity trends as when salinity levels 
increased so did Ω aragonite (figure 6).   Local river discharge data indicate high water flows existing into 
June 2010 (figure 5) but dropping off sharply by the end of the month.  At this time salinities and Ω 
aragonite values start to increase at North Grays Harbor.   

Ω aragonite values are a means to quantify how likely aragonitic calcium carbonate is to dissolve or 
precipitate.  The lower the Ω aragonite value, the harder it is (takes more energy) to form a shell using 
aragonitic calcium.  This is thought to be especially detrimental to oyster larvae which depend more on 
this type of calcium during their development (Burke Hales, Personal Comm.).  Frequently, when CO2 
values increase, pH values drop and so does Ω aragonite.  As a rough rule, when Ω aragonite values are 
below 1, oyster larvae have a decreased chance of survival.   So, for an oyster setting management 
standpoint in North Grays Harbor it would be advantageous to start setting larvae after fresh water 
inputs are reduced in order to avoid low Ω aragonite levels and possibly high CO2 levels. 

South Grays Harbor displayed similar results but the trends were not as strong.  CO2 and Ω aragonite 
values did get “better” after the fresh water inputs started to decline in late June.  Data from 7-7-10 and 
7-22-10 displayed very high CO2 levels and corresponding low Ω aragonite values.  While these 2 data 
points may be outliers they also coincide with the most intense upwelling events of 2010 (figures 2 &3).   

For both years D.O. data provided interesting contrasts between the North and South bay stations, 
where South bay exhibited a stronger oceanic influence.  When upwelling events occurred, DO levels 
dropped noticeably in South Bay but not in North Bay.  This trend can also be witnessed in salinity and 
temperature measurements taken at these sites, where salinity was consistently lower and temperature 
consistently higher in North Bay.  Overall, DO values were never low enough for concern.   

Vibrio tubiashii was present in only one 2009 sample collected in Grays Harbor, at the North Bay site on 
6-22-09.  In 2010 only two samples contained Vibrio tubiashii, again at the North Bay site on 5-18-11 and 
8-14-11.  A link between reduced setting success and Vibrio tubiashii presence has yet to be established 
at this site. Additionally, upwelling events did not precede Vibrio tubiashii presence.  

Nutrient data did not exhibit consistent trends with water quality data or setting success although 
ammonium, silicate and nitrate levels did consistently increase with increasing fresh water input in 
North and South Bay.    

In 2009, the remote set operations monitored in South bay did not see significant drops in setting 
success until later in the year, in July and late August.   Both periods of limited success were preceded by 
upwelling events and decreases in pH.    It is unclear if the lower performance was influenced more by 
waters at the hatchery or at the remote setting site.  Either could have been influenced by the upwelling 
events.   As with many remote setting operators, both Grays Harbor operators have consistently 
experienced lower setting success later in the year.  The North Bay operator had early success in May 
but the concurrent sets in June were progressively worse (lower set).    

In 2010, remote setting success increased later in the year at North Bay, after salinities increased.   As 
previously mentioned, while salinities were low Ω aragonite values were below 1 and setting success 
was poor.   Setting oysters when salinities are higher than 18psu may increase setting success at the 
North Grays Harbor study site.   Additionally, water should be pulled from the bay during the last part of 



an incoming tide to reduce freshwater influence at sites with significant freshwater inputs.  Water pulled 
during the afternoon also has been shown to have lower CO2 and higher Ω aragonite values at other 
study sites as phytoplankton, seagrasses and macroalgae intake CO2 during respiration throughout the 
day.  Unfortunately data is not available to assess this potential daily fluctuation in CO2 and Ω aragonite 
values but it is likely present in Grays Harbor. 

Future Activities: 

To further our understanding of water chemistry in Grays Harbor it would be valuable to continue 
studies at the 2009 and 2010 study sites as oceanic and riverine inputs fluctuate.   If possible it would be 
beneficial to take samples in the morning and the afternoon at these sites to assess the contribution of 
phytoplankton, seagrass, and macroalgae respiration on CO2 and Ω aragonite values.   A deployment of a 
water quality meter would also be of interest at the study sites to gather detailed (every 15 minute) data 
on pH, salinity, DO, Chlorophyll, and temperature. 

 

 

 

 

 

 

 

 

 

 



 

Figure 1. Grays Harbor study sites.  US Coast Guard (USGC) continuous meter site, North and South bay sampling 
locations. 

 

 

 

Figure 2. Westport pH, Salinity and Temperature data during the summers of 2009 and 2010 with highlighted 
upwelling events. 
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Figure 3. Bakun Index (upwelling) for 45N, 125W, Northern Oregon.  Indices are in units of cubic meters per second 
along each 100 meters of coastline.  Positive numbers indicate offshore transport/upwelling.  From NOAA’s Pacific 

Fisheries Environmental Laboratory 
(http://www.pfeg.noaa.gov/products/PFEL/modeled/indices/PFELindices.html). 
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Figure 4. Bakun Index (upwelling) for 48N, 125W, Northern Washington.  Indices are in units of cubic meters per 
second along each 100 meters of coastline.  Positive numbers indicate offshore transport/upwelling.  From NOAA’s 

Pacific Fisheries Environmental Laboratory 
(http://www.pfeg.noaa.gov/products/PFEL/modeled/indices/PFELindices.html). 

 

 

Figure 5. Daily Chehalis River discharge rates from March 2009 to October 2010.  USGS 2011. 
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Figure 6.  2010 Salinity and Ω aragonite (omega –a) data from North and South Grays Harbor study sites. 
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