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Introduction

Our task was to conduct a comparative program of field observations in Willapa Bay with limited
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 December 2010. This extension allows for data collection and research during the 2010
field season, which has already begun.

Key participants include:

e 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

e WDFW-Nahcotta Laboratory -- Bruce Kauffman and Alan Sarich

¢ Pacific Shellfish Institute — Dan Cheney, Andy Suhrbier and Mary Middleton

e University of Washington — Alan Trimble

e Oregon State University — Chris Langdon, Burke Hales, Brett Dumbauld and Mark Camara

¢ Aquatechnics — Ralph Elston

¢ NOAA -- Richard Feely

e Washington State Department of Ecology (Bay Center Mooring)—Carol Maloy, Marissa Jones,
Christopher Krembs



Field Study Roles

Grower/PSI

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 ensure continued operation 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

Funds were allocated under the PSI contract to Whiskey Creek Shellfish Hatchery to establish a
comprehensive water quality monitoring program at the site. A portion of the funds were used to
purchase a YSI data logger which was deployed near the hatchery’s seawater intake in Netarts Bay. The
data logger provided a continuous record of temperature, salinity, dissolved oxygen, 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 supported by PSI staff by providing 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
South Bay, at Brady’s Oyster facilities on the Elk River channel. Sampling was conducted via volunteer
and supplies were provided by the Grays Harbor Marine Resources Committee (MRC). 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 to collect continuous D.O., pH, Salinity, Temperature, ORP and Chlorophyll data.

YSI data at the Westport station displayed a heavily oceanic influence, where pH dropped when
temperature was reduced and salinity increased (Figure 1). This can be directly attributed to upwelling
events spurred by North winds (Figures 2 & 3); these upwelling events coincided with those witnessed in
Netarts. These events pushed pH levels below 7.75 and D.O. levels below 5 mg/l in a few instances.
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Figure 1. Westport pH, Salinity and Temperature data during the summer of 2009 with highlighted upwelling
events.
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Figure 2. 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. Data from NOAA’s Pacific
Fisheries Environmental Laboratory (http://www.pfeg.noaa.gov/products/PFEL/modeled/indices/PFELindices.html).
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Figure 3. 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. Data from NOAA's
Pacific Fisheries Environmental Laboratory (http://www.pfeg.noaa.gov/products/PFEL/modeled/indices/PFELindices.html).



Water samples were collected weekly for bacteria, nutrients, DO and CO,/pH during incoming tides.
Unfortunately, the majority of the D.O. and CO,/pH data collected at the 2 Grays Harbor sites were
compromised due to poor attention to detail by the initial volunteer. The limited data for CO, was not
captured during upwelling events and did not show elevated numbers. D.O. data did provide interesting
contrasts between the North and South bay stations, where South bay exhibited a stronger oceanic
influence. This trend can also be witnessed in salinity and temperature measurements taken at these
sites, where consistently salinity was lower and temperature higher in North Bay. When samples were
properly collected and upwelling occurred, DO levels did drop in South and North Bay.

Vibrio tubiashii was present in only one sample collected in Grays Harbor, at the North Bay site on 6-22-
09. Nutrient data did not exhibit consistent trends with water quality data or setting success although
ammonium and phosphate levels in the South bay did show an inverse trend with that of pH. Where
ammonium and phosphate levels decreased as pH increased.

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 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).

Willapa Bay:

PSI, Alan Trimble and WDFW conducted water quality, Vibrio tubiashii, and oyster larvae/setting
sampling at multiple locations in Willapa Bay using a combination of continuous water quality data
loggers, and individual or discrete water and biological samples. The following discussion focuses on
the combined results from the Palix River, Grassy Island, Port of Nahcotta/Wiegardt Hatchery, Cougar
Bend, and Bear River sites.

Weekly water samples were collected for bacteria, nutrients, D.O. and CO,/pH during incoming tides at
the each location during a window of June to September 2009. YSI data loggers were deployed at each
site at a depth of 1m to collect continuous D.O., pH, Salinity, Temperature, ORP and Chlorophyll data.
Sites were selected due to their proximity to oyster hatcheries, remote setting operations or historical
natural seed setting areas.

Extensive sampling in Willapa for shellfish larvae was achieved by setting shell strings to capture setting
spat. Observations were as follows: 1) in June to mid July there was a strong freshwater influx and low
water temperatures; 2) small numbers of Pacific oyster larvae were seen by early July (although lower
than clam and native oyster larvae), growth was very slow, and reproductive condition of adults was
poor; 3) there were moderate numbers of larvae in mid to late July, however they were still growing
very slowly and seemed to be dying off; 4) during the mid-summer period there were possible associates
with low pH (from oceanic or upland sources), competition and predation (anchovies); 5) by mid August
to early September larval counts varied widely from low to high counts, but there was no set in areas
commonly used for setting; 6) remote setting worked well in many regions of the bay, indicating the



quality of incoming water for those facilities was not an issue to support larger larvae; and 7) no
significant or commercially useful sets of Pacific oysters were reported. No Willapa Bay samples were
positive for V. tubiashii.

Overall water quality conditions in Willapa Bay in the summer of 2009 were cooler than normal, with
higher freshwater volumes in the early summer and significant upwelling and events in mid to late June
and mid to late July that likely factor in the low pH and depressed Q aragonite values.

There were high CO, and very low pH and Q aragonite levels in Willapa Bay in 2009, especially in the
southern portions of the bay. Q aragonite values are a means to quantify how likely aragonitic calcium
carbonate is to dissolve or precipitate. The lower the Q 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 CO, values increase, pH values drop and so does Q aragonite.

Increased CO, values along with upwelling and rainfall data showcase how oceanic and upland/riverine
water sources and the bay itself influence bay water chemistry. In some cases CO,, pH and Q aragonite
values in Southern Willapa were much worse than what was seen in Netarts in 2009.

On 7-28-09 the numbers show a slight increase in Q aragonite in Cougar, Bear and the Port. But on 7-
31-09 there was a significant decrease (.26, .35 and .57 respectively) in Q aragonite. Alan Trimble
noticed an increase in larvae on July 27" with a decrease in these larvae by August 1*. A batch of new
larvae was present at this time too but the larvae seen on 7-30-09 were gone.

At Cougar on July 19" Q aragonite levels were higher (.98 Q aragonite) but on the 24™ of July levels
deteriorated to .24 . This coincides with Alan Trimble’s finding of a significant spawning event on the
19" with a subsequent absence of these larvae on the 22™ of July.

The limited CO, data along larval levels suggest that depressed Q aragonite values coincided with pacific
oyster larvae mortality. Consistent weekly data is needed to explore this correlation further, not only
during times of spawning but in times before and after spawning windows. This increased data will
also help to determine when and where major sources of CO, are being introduced and at what level
CO, takes are role in the natural set of pacific oysters in Willapa bay.

Bay Center:

This site was selected due to its proximity to a small scale oyster hatchery and remote setting
operations. This site also provided a good look at both oceanic and riverine influences. Figure 4 details
the daily fluctuations of water quality parameters due to tidal influence. As the tide recedes and the
waters are increasingly riverine pH, D.O., and salinity levels decrease while temperature increases.
Accordingly, when either significant rain fall (Figures 6 & 8) or upwelling events occurred, pH levels
subsequently dropped during all tidal cycles. The same upwelling events that were noticed at Westport
were picked up in Bay Center (Figure 5). Similar but more oceanic influenced trends could be seen



looking at Washington Department of Ecology’s Bay Center mooring data for temperature and salinity
(Figure 7).

The majority of D.O. samples collected at the Bay Center site tracked closely to those taken with the YSI
unit nearby. YSI values for D.O. tracked closely to pH where upwelling and rainfall events would also
push D.O. values down. During the upwelling event around August 29" pH levels reached their lowest
(<7.6) as did D.O. (<6 mg/l).
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Figure 4. Example of daily fluctuations of the tide at Bay Center and corresponding changes to D.O., pH,
temperature and salinity.
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Figure 5. Temperature, salinity and pH measurements at Bay Center during the 2009 field season. Dark shading
denotes time periods after rain fall events while the lighter shading denotes periods of upwelling along the coast.
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Figure 6. Daily rainfall data from Menlo and Long Beach compared with pH measurements at Bay Center during the
2009 field season. Weather Underground 2010.
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Figure 7. Temperature and salinity measurements at the Bay Center mooring during the 2009 field season. Dark
shading denotes time periods after rain fall events while the lighter shading denotes periods of upwelling along the
coast. Data supplied by the Washington Department of Ecology (www.ecy.wa.gov/programs/eap/mar_wat/data.html).
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Figure 8. Daily rainfall data from Menlo and Long Beach WA in 2009. Weather Underground 2010.
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Figure 9. Measured Q aragonite and pCO; levels at Bay Center during the 2009 field season.

Overall, the nearby oyster hatchery/remote setting operator in Bay Center had success in growing and
setting larvae it and others produced. On August 5" the manager did report having trouble getting
larvae up to size where they were stuck at 90 um. Unfortunately the YSI data logger “burned out”
during this period so continuous measurements are not available. CO, levels were slightly elevated and
Q aragonite values were low (.94 on July7™, 1.15 on July 31*") during periods in July and August (Figure 9)
when upwelling was occurring.

Smaller operations did have trouble setting seed although the larger hatchery/remote setting operator
attributed this to poor husbandry. A newly installed remote setting operation in Bay Center reported
poor survival/setting success from May to August and good survival/setting success in March and April
of 2009. Unfortunately data was not collected during the earlier months to compare earlier successful
periods with that of later unsuccessful periods. Upwelling data in 2009 suggest major upwelling first
occurred in late April, but direct correlations cannot be made without additional pH and/or CO, data.



Rainfall events over .4” (over 24 hrs) occurred in March and April, then again in early September of
2009.

An interview with a grower who operated a hatchery and remote setting facility in the 1970’s at Bay
Center highlighted frustrations in hatchery success in the summer months. Larvae were susceptible to
mortality when they reached the 140-150um stage. The operator saw correlations with lower levels of
phytoplankton and zooplankton with increased larval mortalities. These events also had and increased
presence of 1-1.5um phytoplankton/bacteria, and increases of tintinnids which prey on phytoplankton
and bacteria. To overcome these larval mortalities the operator started using algae paste produced at
his hatchery using a centrifuge, water treatments to kill background contaminates, and artificial
seawater. Each method would initially improve performance but would not consistently thereafter.
Eventually the operator closed the hatchery operation and started buying larvae from Whiskey Creek for
remote setting. Remote setting was successful with much lower mortality events. 2009 plankton data
(Figure 9) did show tintinnid increases during the summer months, steady decline after mid August, and
possible decreases after upwelling events.
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Figure 9. Weekly Bay Center plankton counts for the 2009 field season.



Grassy Island:

Data collected here was limited but does show upwelling influences: increased salinity, decreased pH
and temperatures (Figures 10 &11). Of the samples collected, pH and Q aragonite levels were high and
CO, low (Figure 12) when compared to other sites in Willapa.
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Figure 10. Temperature, salinity and pH measurements at Grassy Island during the 2009 field season.
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Figure 11. DO measurements at Grassy Island during the 2009 field season.
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Figure 12. Measured Q aragonite and pCO, levels at Grassy Island during the 2009 field season.




Port of Nahcotta- Wiegardt Hatchery and Mid-Channel:

The continuous readings of DO, pH, temperature and salinity at Nahcotta from mid July to mid August
did show the influence of the late July upwelling event, lower pH, increased salinity, decreased DO and
decreased temperatures, but data after July 28" is suspect (Figures 13 & 14) due to periods when water
was not pumped past the sensors. Data collected for CO, at Nahcotta was limited to two data points
which show an increase in CO, and decreased in pH and Q aragonite after an up welling event (Figure
15). The limited Mid-Channel CO, data also displays upwelling influences (Figure 16). Significant
problems from either hatchery or remote setting operations located in Nahcotta were not reported.
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Figure 13. Temperature, salinity and pH measurements at Nahcotta during the 2009 field season.

Nahcotta 2009 DO (%)

N
o
o

IS
o U
o O
l

50 L} | B ‘ v
0 T T T T T T 1
7/16 7/21 7/26 7/31 8/5 8/10 8/15 8/20

Dissolved Oxygen

Figure 14. DO measurements at Nahcotta during the 2009 field season.
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Figure 15. Measured Q aragonite and pCO, levels Nahcotta during the 2009 field season.
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Figure 16. Measured Q aragonite and pCO, levels at Mid Channel during the 2009 field season.
Cougar Bend and Bear:

A rainfall event on July 11 correlated with decreased pH, temperature and salinities until the 16" of July
(Figure 17, 18, 20, & 21). In the later part of July, upwelling off the coast increased as did salinity levels
at Cougar Bend and Bear. As salinities increased, pH levels decreased as did Q aragonite (Figures 19 &
22). Temperatures decreased initially but started increasing as air temperatures increased (18*C on July
26™, 27*C on July 28™) starting on the July 26™. Temperatures again decreased from July 31 until
August 7. Salinities started to decrease again on August 11", after a rain fall event where pH levels
actually increased.
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Figure 17. Temperature, salinity and pH measurements at Cougar Bend during the 2009 field season.
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Figure 18. DO measurements at Cougar Bend during the 2009 field season.
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Figure 19. Measured Q aragonite and pCO, levels at Cougar Bend during the 2009 field season.
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Figure 20. Temperature, salinity and pH measurements at Bear during the 2009 field season.
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Figure 21. DO measurements at Bear during the 2009 field season.
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Figure 22. Measured Q aragonite and pCO, levels at Bear during the 2009 field season.

Whiskey Creek:

Whiskey Creek Shellfish Hatchery personnel collected water quality samples of intake and treated water
and quantified oyster larvae/setting success inside the hatchery. Weekly water samples were collected
for bacteria, nutrients, D.O. and CO,/pH in the morning and afternoon at each source during a window
of June to December 2009. Sample collection was increased during upwelling and or larval mortality
events. A continuous water quality data logger was deployed at the intake to measure pH,
temperature, DO, salinity, ORP and chlorophyll every 15 minutes. A published report will be available
to later in the year describing the 2009 findings at Whiskey Creek.

Briefly, upwelling events were seen to decrease pH and temperatures while increasing CO, and
salinities. These increased CO, levels corresponded to slow growth and larval mortality events inside
the hatchery. These impacts to larvae are linked to their inability or increased energy needed to calcify

as Q aragonite levels were low during these upwelling events as well. Severe hypoxia and high Vibrio
tubiashii concentrations were not reported in 2009.



Additionally, it was found that CO, levels were consistently lower in afternoon samples when compared
with morning samples. This suggests that biological processes such as eelgrass respiration contribute to
measurable uptakes of CO, in the estuary. This provided the shellfish hatchery with a management tool
where they could focus their spawns to take place in the afternoon after CO, levels decrease.
Unfortunately prolonged upwelling resulted in too great of overall CO, increase for this method to be
effective.



