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2.0 Abstract 
The Washington State Department of Natural Resources developed an Eelgrass (Zostera 
marina L.) transplant site suitability model to improve eelgrass restoration throughout Puget 
Sound. The model was developed to address the Puget Sound Partnership’s “20% More 
Eelgrass by 2020” goal. The objectives of the Eelgrass Restoration in Puget Sound project is 
to implement the results of the “20% More Eelgrass by 2020” project and conduct eelgrass 
restoration at select test sites and large scale sites throughout Puget Sound that have a strong 
probability for transplant success. In addition, the project will monitor eelgrass shoots at 
donor sites and restoration sites (both test and large scale). Autonomous sensor packages will 
be deployed at large scale restoration sites to track water quality parameters, specifically 
temperature and pH. A final report will be submitted that summarizes the project, including 
the methods, work completed, data collected, data analyses, results, conclusions, and 
suggestions for future areas of research and restoration in Puget Sound. 
 
The funds for this project were awarded through the Puget Sound Marine and Nearshore 
Protection and Restoration Grant Program. The project will completed through a contractual 
agreement with Hart Crowser (DNR contract no. 16-17).  
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3.0 Background  
Puget Sound has an estimated 23,000 hectares (57,000 acres) of eelgrass (Zostera marina L.) 
(Gaeckle et al. 2011). Eelgrass and other seagrasses are considered indicators of estuarine 
health (Dennison et al. 1993, Krause-Jensen et al. 2005, Orth et al. 2006) and provide 
extensive ecosystem services worldwide (Constanza et al. 1997, Green and Short 2003, 
Larkum et al. 2006). In Puget Sound, eelgrass provides spawning grounds for Pacific herring 
(Clupea harengus pallasi), out-migrating corridors for juvenile salmon (Oncorhynchus spp.) 
(Phillips 1984, Simenstad 1994), and important feeding and foraging habitats for water birds 
such as the black brant (Branta bernicla) (Wilson & Atkinson 1995) and great blue heron 
(Ardea herodias) (Butler 1995). Due to its ecological importance and its rapid response to 
environmental degradation, eelgrass has been identified as a Vital Sign of ecosystem health 
and a 2020 eelgrass recovery target was adopted by the Puget Sound Partnership. 
 
Seagrass decline has been observed globally and is primarily attributed to anthropogenic 
activities such as nutrient loading and shoreline development (Duarte 2002, Orth et al. 2006, 
Short and Burdick 1996, Waycott et al. 2009). In Puget Sound, there is widespread concern 
that eelgrass is significantly less abundant than it was historically (Dowty et al. 2010). 
Human-induced disturbances, assumed to have caused most of the loss and threats to critical 
nearshore habitats, are expected to increase with population growth and coastal development. 
However, there are critical uncertainties about the intensity, extent, and reversibility of 
stressors affecting eelgrass in Puget Sound (Thom et al. 2011).  
 
The Washington State Department of Natural Resources has sought to achieve measurable 
increases in Puget Sound eelgrass area by strategically targeting eelgrass plantings at sites 
that have a strong likelihood for restoration success. Sites with a high probability of 
restoration success have been identified through an eelgrass transplant suitability model 
developed to address the Puget Sound Partnership’s “20% More Eelgrass by 2020” goal. In 
addition to eelgrass transplants, the project is investigating the effects of harvest on donor 
sites, potential amelioration by restored eelgrass beds on the effects from ocean acidification, 
and monitoring of transplant survival trajectories over time.  

3.1 Study area and surroundings 
The study area includes unvegetated, subtidal areas throughout greater Puget Sound. Greater 
Puget Sound includes the waters east of Cape Flattery (Neah Bay), and south of Pt. Roberts 
south to Olympia. 
 
Optimal eelgrass restoration areas require suitable fine grain sediments and adequate 
photosynthetically available radiation within subtidal lands between -1.4 m to -6 m depth 
relative to Mean Lower Low Water (MLLW). 
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3.1.1  Logistical problems 
The best time to transplant eelgrass in Puget Sound is between March and July to take 
advantage of optimal environmental conditions. The spring timing coincides with an increase 
in eelgrass growth rates and vegetative expansion which will improve the success of 
transplanted shoots.  
 
Most other logistical hurdles (e.g., permitting, access, transplanting techniques) have been 
resolved during previous eelgrass transplanting efforts over the last 5 years.  
 
3.1.2  History of study area 
It is believed that eelgrass (Zostera marina), the predominant local seagrass, area has been 
lost in Puget Sound because of increased shoreline development and periodic physical 
disturbances, as well as degradation in water quality (Thom and Hallum 1990, Thom 1995, 
Thom et al. 2011).  Climate change effects are expected to further exacerbate eelgrass losses 
(Snover et al. 2005). Because of its importance to nearshore food webs, resources, and 
shoreline processes, eelgrass restoration has been recommended throughout the Salish Sea. In 
response to regional and global needs, the Partnership’s Action Agenda specifically targets 
the restoration of 20% more eelgrass by 2020. Restoring eelgrass will benefit a multitude of 
species valued in Puget Sound, as well as contribute to water quality improvement, shoreline 
stabilization, and carbon sequestration. The eelgrass restoration project will enhance the 
recovery of eelgrass in Puget Sound.  
 
3.1.3  Contaminants of concern 
There are no known contaminants of concern at the sites where eelgrass will be transplanted. 
 
3.1.4  Results of previous studies 
There have been four other eelgrass restoration projects conducted throughout greater Puget 
Sound by the Washington State Department of Natural Resources. Although there has been 
limited eelgrass transplant monitoring conducted, preliminary results suggest a range of 
success from 0% to over 130% based on a shoot density metric (Thom et al. 2014).   
 
Since 2014, the Washington State Department of Natural Resources has also conducted 
experimental work to test whether eelgrass can locally counteract ocean acidification by 
drawing CO2 out of the water column via photosynthesis. Preliminary research shows that 
water passing over and through eelgrass beds growing in shallow environments – depths of 9 
feet or less – may cause pH to increase at a rate of 0.05 pH units per hour during daylight 
hours. This in turn may cause the aragonite saturation state (Ωarag) to increase 0.2 units per 
hour. The same preliminary research indicates no net change in pH or Ωarag of water flowing 
over unvegetated habitat (unpublished data, Acidification Nearshore Monitoring Network 
(ANeMoNe). 
 
3.1.5  Regulatory criteria or standards 
N/A  
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4.0 Project Description 
4.1  Project goals 
The goal of the project is to restore eelgrass in greater Puget Sound. In addition to eelgrass 
transplants, the project will investigate the effects of harvest on donor sites, assess the 
potential of restored eelgrass beds to ameliorate ocean acidification, and will monitor 
transplant survival over time.  

4.2  Project objectives 
The objectives of the proposed eelgrass restoration project are to: 

- Implement the results of the “20% More Eelgrass by 2020” project and conduct eelgrass 
restoration test plantings at select locations throughout Puget Sound to identify additional areas 
with the potential for successful large scale eelgrass restoration. 

- Conduct eelgrass transplantation at test sites. 
- Conduct eelgrass transplantation at large scale sites. 
- Monitor restoration performance at test sites and large-scale sites through documenting shoot 

survival (density) and natural expansion (distribution) over regular intervals of time. 
- Monitor shoot density recovery at donor sites over regular intervals of time. 
- Install and monitored autonomous sensor packages to assess changes in pH. 
- Collect continuous and reliable records for temperature and pH associated with transplanted 

eelgrass beds 
- Produce a final report summarizing the project, methods, results, and conclusions. 

4.3  Information needed and sources 
Information helpful to the completion of the project include historical distribution of eelgrass 
(e.g., DNR’s eelgrass monitoring data, ShoreZone data, PSEA) and the map booklet from Task 
5 of WDFW-DNR IAA 12-1117. In addition, the project will collect eelgrass shoot density 
data at donor sites and transplanted sites along with temperature and pH data at sites 
transplanted with eelgrass.  

4.4  Target population 
Native eelgrass, Zostera marina L. 

4.5  Study boundaries 
Greater Puget Sound includes the nearshore environment east of Cape Flattery (Neah Bay) 
and south of Point Roberts (north Puget Sound-southern extent of the Strait of Georgia) south 
to the southern reaches of Puget Sound (Olympia area and the southern inlets). Sites with 
high potential for eelgrass restoration were determined through an eelgrass site suitability 
modelling experiment (Borde et al. 2014, Thom et al. 2014) and verified in the field with 
eelgrass test transplanting (Vavrinec et al. 2014). Although the study area may include 
greater Puget Sound, the focus will be in south Puget Sound (Figure 1).  
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Figure 1. Map of Eelgrass (Zostera marina) restoration potential and eelgrass transplant sites in 
South Puget Sound, WA. Water quality sensors will be deployed at three sites: Joemma State 
Park 2015, 2016, and Delano Beach 2016. 

 

4.6  Tasks required 
1) Identify a minimum of 
a) five (5) eelgrass donor sites for a total harvest potential of 170,000 shoots, 
b) ten (10) eelgrass test sites that can support three (3) test plots (25 m2 in area) each, and 
c) eight (8) large scale eelgrass restoration sites (2,025 m2 in area or a total of 20,260 shoots) 

each. 
 
2) Develop a project plan and timeline to harvest eelgrass from donor sites and replant it in  

Joemma State Park 
2015 & 2016 

Delano Beach 
2016 
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a) thirty (30) test plots (three (3), 25 m2 test plots in each test site), and  
b) eight (8) large-scale eelgrass restoration sites (2,025 m2 in area or a total of 20,260 shoots). 
 
3) Implement the project plan to harvest and restore eelgrass at  
a) thirty (30) test plots (three (3), 25 m2 test plots in each test site) at a density of 20 shoots 

m-2 for a total of 780 shoots at each test site (3 test plots * 260 shoots), and  
b) eight (8) large scale eelgrass restoration sites (2,025 m2 in area) at a shoot density of 20 

shoots m-2 for a total of 20,260 shoots at each large scale site. Large-scale restoration sites 
can be smaller in area if shoot density is increased to more than 20 shoot m-2. 

 
4) Monitor eelgrass at all donor sites and analyze data relative to changes in eelgrass shoot 

density over time.  
 
5) Monitor eelgrass at all restoration sites (test sites and large-scale sites) and analyze data 

relative to changes in eelgrass shoot density and expansion (distribution) over time. 
 
6) Deploy, maintain, and retrieve water quality sensors at donor sites and restoration sites (test 

sites and large-scale sites). 
 
7) Produce a report indicating survival and recovery trajectories of the eelgrass at donor sites 

and restoration sites along with the results of the water quality monitoring data. The report 
should include statistically robust analyses of data with spatially explicit visualization of 
the shoot density, eelgrass distribution, and water quality results. 

4.7  Practical constraints 
Field work will be limited by environmental extremes and personnel safety.  High tidal 
currents, large wind waves, and poor visibility can all limit the effectiveness of field work.  
However, the field researchers are used to adverse conditions and are adept at planning 
around the worst of weather, so these constraints should be minimized and have limited 
impact on the project.   

4.8  Systematic planning process 
N/A 
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5.0 Organization and Schedule 
5.1 Key individuals and their responsibilities 
Jeff Gaeckle, Washington State Department of Natural Resources (DNR), will manage the 
project. 
 
Hart Crowser, Inc., has been contracted to complete the work for the Eelgrass Restoration in 
Puget Sound project. Hart Crowser, Inc., will oversee field operations and manage the two 
subcontractors; Marine Surveys and Assessments and Research Support Services, Inc. The 
subcontractors will conduct the field work – eelgrass harvest and transplant activities, 
monitoring and the deployment of scientific water quality instrumentation.  
 

5.2 Special training and certifications 
Hart Crowser is the primary contractor on the project. Hart Crowser has subcontracted 
Marine Surveys and Assessments (MSA), and Research Support Services (RSS). Hart 
Crowser, MSA, and RSS have working relationship on projects of varying scale and scope 
concerning distribution and restoration of eelgrass in the nearshore environment. Hart 
Crowser, MSA, and RSS have multiple research vessels and trained personnel to operate the 
vessels and conduct the SCUBA diving necessary to complete the restoration project. Micah 
Horwith, Research Scientist (Aquatic Assessment and Monitoring Team, DNR) has extensive 
experience calibrating, deploying, maintaining, retrieving, and interpreting pH results from 
Durafet-based pH sensors. 
5.3 Organization chart 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jeff Gaeckle 
Project Manager 

DNR 

Pam Gunther 
Principal in Charge 

Hart Crowser 

Jim Shannon 
Project Manager 

Hart Crowser 

Eelgrass Processing 
Hart Crowser 

Research Support Services 
Marine Survey & Assessments 

Eric Parker 
Boat & Dive Ops. 

Research Support Services 

Amy Leitman 
Dive Ops 

Marine Survey & Assessments 

Jessica Blanchette 
Field Operations 

Hart Crowser 
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5.4 Project schedule 
The project consists of five deliverables and extends from 2016 through 2017 (Table 1). 
 
Spring - Summer 2016  

• Identify five test transplant sites and four large scale transplant sites 
• Identify donor sites 
• Transplant eelgrass 

Fall 2016  
• Monitor eelgrass at transplant and donor sites 

Spring – Summer 2017 
• Identify five test transplant sites and four large scale transplant sites 
• Identify donor sites 
• Transplant eelgrass 
• Monitor eelgrass at transplant and donor sites 
• Deploy temperature and pH sensors (April – May 2017) 

Fall 2017 
• Monitor eelgrass at transplant and donor sites 
• Retrieve temperature and pH sensors (August – September 2017) 
• Finalize report 

 
 
Table 1. Tasks, deliverables and expected due dates for the contract between DNR and Hart 
Crowser (SC 16-17). 

TASK SUBTASK DELIVERABLES APPROXIMATE DUE DATE 

1  Donor and restoration site 
identification 28 Feb 2016 

2  Project plan and timeline 28 Feb 2016 
3  Eelgrass restoration  
 a 30 test plots 31 Oct 2016 
 b 8 large scale sites 31 Aug 2017 

4  Eelgrass donor and 
restoration site monitoring  

 a Donor sites 31 Oct 2017 
 b 30 test plots 31 Oct 2017 
 c 8 large scale sites 31 Oct 2017 
5  Water quality monitoring  
 a Sensor deployment 31 Oct 2017 
 b Sensor maintenance 31 Oct 2017 
6  Final report 30 Nov 2017 
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5.5 Limitations on schedule 
Inclement weather and personnel availability will likely be the primary reasons for 
limitations to maintain the project schedule. Project delays due to weather and personnel will 
be rescheduled later in the field season and should not affect project completion date. 

5.6 Budget and funding 
The project’s funding source for $500,000.00 is the Puget Sound Marine and Nearshore 
Grant Program (WDFW 14-02072, Appendix A). These funds are separated into two 
components:  
 
1) DNR for equipment, QAPP, and travel to conferences ($62,000.00) 
2) Hart Crowser to complete the eelgrass restoration and monitoring work ($438,000.00, 
Appendix B. SC 16-17).   
 
The budget for the Hart Crowser component of the project is included in Table 2. 
 
Table 2. Tasks, deliverables, expected due dates and budget for the contract between DNR 
and Hart Crowser (SC 16-17). 

TASK SUBTASK DELIVERABLES APPROXIMATE 
DUE DATE 

ESTIMATED 
BUDGET 

1  Donor and restoration site 
identification 28 Feb 2016 $8,000 

2  Project management, plan 
and timeline 28 Feb 2016 8,000.00 

3  Eelgrass restoration   
 a 30 test plots 31 Oct 2016 $17,000.00 
 b 8 large scale sites 31 Aug 2017 $372,000.00 

4  Eelgrass donor and 
restoration site monitoring  $22,000.00 

 a Donor sites 31 Oct 2017  
 b 30 test plots 31 Oct 2017  
 c 8 large scale sites 31 Oct 2017  

5  Water quality monitoring  (included in 
Task 4) 

 a Sensor deployment 31 Oct 2017  
 b Sensor maintenance 31 Oct 2017  
6  Final report 30 Nov 2017 $11,000.00 
     
  TOTAL  $438,000.00 

 
 
DNR will use the $62,000.00 for environmental monitoring sensors, the QAPP, and travel to 
conferences. 
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6.0 Quality Objectives 
6.1 Decision Quality Objectives (DQOs) 
N/A 

6.2 Measurement Quality Objectives 
The quality objective of the project is to provide eelgrass density data adequate for 
documenting conditions at donor sites and transplant sites. In addition, accurate and reliable 
data for water quality parameters (e.g., temperature and pH) will be collected at three 
transplant sites (Joemma State Park 2015, 2016, and Delano Beach 2016) using data loggers. 
 
6.2.1  Targets for Precision, Bias, and Sensitivity 
6.2.1.1 Precision 
  
The precision of the eelgrass density data will be determined based on replicated sampling at 
the donor and transplant sites (Appendix B).  
 
Durafet-based pH sensors, the sensors used to measure pH in transplanted eelgrass and 
outside of eelgrass on bare substrate, exhibit stability better than 0.005 pH units over periods 
of weeks to months, with short-term precision of ± 0.0005 pH units (Martz et al. 2010). 
However, field deployments introduce several factors that increase uncertainty, including 
biofouling on and around the sensing element and fluctuations in salinity. For this reason, 
DNR aims for a precision of 0.05 pH units in the field. This standard corresponds to a 
variance in E* no greater than 0.003.  
 
6.2.1.2 Bias 
 
The pH sensors are calibrated before and after each deployment in order to determine two 
sensor-specific properties: 1) the standard potential (E*) of the Durafet electrode, and 2) the 
temperature dependence of that standard potential (E*T). When these properties are known, 
pH can be calculated from Durafet voltage using the following equation (Martz et al. 2010): 
 
 pH = (Durafet voltage – E* - E*T x T) / (R x (T + 273.15) x ln(10)/F)  
 (Eq. 1) 
 
 Where R is the gas constant: 8.3145 J x K-1 x mol-1 
 T is temperature in Celsius 
 And F is the Faraday constant 96485 C x mol-1 
 
For calibration, Tris-buffered synthetic seawater is prepared following SOP 6a in Dickson et 
al. (2007). A cap filled with 30mL of this synthetic seawater is placed over the Durafet 
sensor. Sensors are left for 72 hours to equilibrate to matrix salinity of 35. Sensors are then 
programmed to log at 10-minute intervals, and fully immersed in a water bath at room 
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temperature (between 19 and 21 degrees Celsius), where a precise thermometer is taking 
contemporaneous measurements at 10-minute intervals. The water bath is intended to provide 
thermal mass. Sensors are left at room temperature for at least 24 hours and then moved to a 
refrigerator that maintains temperature between 1˚ and 3˚ Celsius. After at least 24 hours at 
the colder temperature, sensors and thermometers are removed from the water bath and data 
downloaded. 
 
The pH of the Tris-buffered synthetic seawater is calculated across the calibration period 
from thermometer observations following the equation from Dickson et al. (2007): 
 

pH = ((11911.08 – 18.2499 x S – 0.039336 x S2) x 1/(T + 273.15)) – 366.27059 + 
0.53993607 x S + 0.00016329 x S2 + ((64.52243 – 0.084041 x S) + log(T + 273.15)) 
– (0.11149858 x (T + 273.15))        
 (Eq.2) 

  
 Where T is as in equation 1 
 and S is the salinity of the Tris-buffered synthetic seawater (35) 
 
Durafet voltage is then regressed against temperature: 
 

Durafet voltage – (R x ln(10) x (T + 273.15) * pH) / F = T   
 (Eq. 3) 

 
Where R, T, and F are as in equation 1 and pH is the calculated pH of the Tris-
buffered synthetic seawater 

 
E* is the intercept and E*T the slope of the resulting model. The date of calibration and the 
calculated E* and E*T for each sensor are recorded and compared against previous 
calibration results to evaluate sensor drift and accuracy of observations in the field. 
 
If pre- and post-deployment calibrations yield E* values within this range, measurements 
across the deployment are reported with a confidence interval of 0.05 pH units, and 
reasonable assurance that sensor drift did not occur. If pre- and post-deployment calibrations 
yield E* values outside this range, pH across the deployment can be calculated using a 
variable value for E*, which uses the pre-deployment E* value and transitions linearly to the 
post-deployment value. 
 
Alternatively, pH sensor measurements can be compared against discrete water samples 
collected and preserved in the field by the addition of mercuric chloride. In the laboratory, 
these discrete samples can undergo pH measurement by spectrophotometry. In situ pH can 
then be calculated using in situ temperature, and the calculated in situ pH can be used to 
evaluate sensor accuracy. 
 
The manufacturer-determined stability (drift) for the Hobo Tidbit Temperature sensors is 
0.1˚C per year. Sensors will be calibrated prior to and after deployment with other Hobo 
Tidbit Temperature sensors to determine consistency in measured temperature between 
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multiple units. Sensors that measure values beyond 10% of the average between sensors will 
not be used for the project.  
 
6.2.1.3 Sensitivity 
 
The pH sensors have an expected precision of 0.05 pH units in field deployments. The 
accuracy of each sensor is evaluated over each deployment by comparing the pre- and post-
deployment calibration values of E*, with procedures and thresholds outlined in section 
6.2.1.2. 2016 deployments of the pH sensors demonstrated accuracies of at least ±0.15 pH 
units, excluding instrument failures due to extreme biofouling or battery exhaustion. 
 
Based on the range of seawater temperatures the Hobo Tidbit Temperature sensor will be 
exposed to, the resolution is 0.03˚C and the accuracy is ±0.25˚C. Additional sensor 
specifications are at this link: http://www.onsetcomp.com/products/data-loggers/utbi-001.   
 
6.2.2  Targets for Comparability, Representativeness, and 
Completeness 
6.2.2.1 Comparability 
 
All shoot densities will be measured using a 0.25 m2 quadrat. All water quality parameters 
(e.g., pH and temperature) will be measured by autonomous sensors at frequencies of 30 
minutes or less. In 2016, DNR established the Acidification Nearshore Monitoring Network 
(ANeMoNe). ANeMoNe consists of 8 sites in Puget Sound and on the Washington Coast, 
with sensor arrays deployed in and outside of eelgrass. Each sensor array includes 
instruments measuring pH, temperature, conductivity, dissolved oxygen, and chlorophyll. 
The objectives of this network include the collection of long-term data to evaluate temporal 
and spatial variation in the effect of eelgrass on carbonate chemistry. The sensors and 
calibration procedures used in this project will be identical to those deployed through 
ANeMoNe, which will allow immediate comparability with 8 other sites in Washington 
waters. The analysis of data generated through this project will leverage DNR’s investment 
in ANeMoNe by comparing the chemical effects of eelgrass restoration with the effects of 
established eelgrass beds across seasons and across a broad geographic swath. 
 
6.2.2.2 Representativeness 
 
Eelgrass shoot density data is scheduled to be collected seasonally (Jan, Apr, Jul, and Oct). 
Water quality data is continuously collected for the duration of the sensor deployment.  
 
6.2.2.3 Completeness 
 
The number of samples collected for shoot density is described in the project SOW 
(Appendix B). Funding prohibits multiple water quality sensors for repeated sampling with 
these instruments at each site. 

http://www.onsetcomp.com/products/data-loggers/utbi-001


Eelgrass Restoration in Puget Sound – Page 17 

7.0 Sampling Process Design (Experimental 
Design) 

7.1 Study Design 
7.1.1 Field measurements  
Eelgrass shoot density (shoots m-2) will be quantified along with any increase in area planted. 
However, area planted will likely not expand during the 2 year project period.  
 
7.1.2 Sampling location and frequency 
The sampling location and frequency is described in detail in Appendix B and C. 
 
Donor sites 
Shoot density will be measured in thirty (30) to fifty (50), 0.25 m2 quadrats within each 
donor site to track donor site recovery. Sample size and design will depend upon donor site 
characteristics and will be determined through discussions between the Contractor and DNR. 
Monitoring will occur once every 2-3 months through November 2017. Preferred monitoring 
will occur in April, July and October of each year of the project (2016 and 2017). Quadrat 
selection and monitoring interval will be determined and agreed upon through discussions 
between the Contractor and DNR. 
 
Test transplant sites 
Shoot density will be quantified in all (N=13) of the 1 m2 quadrats planted with eelgrass in 
each of the three (3) test plots at all ten (10) test sites. Therefore, shoot density will be 
quantified in a total of 390, 1 m2 quadrats across the thirty (30) test plots at the ten (10) test 
sites. Monitoring, determined through discussions between the Contractor and DNR, will 
occur once every 2-3 months through November 2016. However, it is preferred that 
monitoring occur in April, July and October of each year of the project (2016 and 2017). 
 
Large-scale transplant sites 
Shoot density will be quantified in thirty (30) to fifty (50) of the 1,013, 1 m2 quadrats planted 
with eelgrass in each of the eight (8) large scale restoration sites. Therefore, shoot density 
will be quantified in a total of 240-400, 1 m2 quadrats across the eight (8) large scale sites. 
Monitoring will occur once every 2-3 months through November 2017. However, it is 
preferred that monitoring occur in April, July and October of each year of the project (2016 
and 2017). Quadrat selection and monitoring interval will be determined and agreed upon 
through discussions between the Contractor and DNR. 
 
Environmental sensors (pH and temperature) 
Sea water pH and temperature will be measured at 3 sites; Joemma State Park 2015 large 
scale transplant, Joemma State Park 2016 large scale transplant and Delano Beach 2016 large 
scale transplant. Sensors will be deployed in transplanted eelgrass and at an adjacent area 
within the same bathymetry in bare substrate. Sensors will be deployed in April – May 2017 
and recovered in August – September 2017. All sensors will record every 30 minutes 
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continuously from the time of deployment (Mar – Apr 2017) until recovered (Aug – Sep 
2017). Sensors will be deployed along similar depth contours between the three sites at a 
depth deeper than -1.5 m (MLLW) and shallower than -2.5 m (MLLW).  
 
7.1.3 Parameters to be determined 
Shoot density will be quantified at all donor sites, test transplant sites and large scale 
transplant sites. Large scale transplant efforts are not conducted until a test transplant effort is 
determined successful. Sea water pH and temperature (˚C) will be measured in three large 
scale transplant sites (e.g., Joemma State Park 2015, 2016 and Delano Beach 2016) between 
April and September 2017. 
 
7.2 Maps or diagram 
The transplant areas are unknown prior to evaluating a site during field visits and conducting 
test transplants. Sensors placement will be within successfully transplanted eelgrass at a 
large-scale restoration site. 
 
7.3 Assumptions underlying design 
A major assumption underlying the eelgrass restoration is that the restoration is successful 
and plants persist in subsequent months to years to measure shoot density and the effects the 
eelgrass has on seawater pH. 
 
7.4 Relation to objectives and site characteristics 
Site characteristics need to be sufficient to support eelgrass. To test this, the project conducts 
a test transplant effort in the area prior to committing to a large scale restoration effort. A 
successful test transplant area will be monitored for 6 months to a year prior to a full, large 
scale eelgrass transplant. The iterative process of test transplanting – monitoring – large scale 
transplant effort ensures a greater transplant success rate. 
 
The collection of water quality parameters (pH and temperature) is to determine the effect 
transplanted eelgrass has on these variables.   
 
7.5 Characteristics of existing data 
There is limited existing data for the transplant sites, particularly since eelgrass does not 
currently grow in these sites. There may be some data for eelgrass donor sites from DNR’s 
eelgrass monitoring program (http://www.dnr.wa.gov/programs-and-
services/aquatics/aquatic-science/puget-sound-eelgrass-monitoring-data-viewer).  There is 
also no prior record of temperature or pH data at the eelgrass transplant sites. 
 

http://www.dnr.wa.gov/programs-and-services/aquatics/aquatic-science/puget-sound-eelgrass-monitoring-data-viewer
http://www.dnr.wa.gov/programs-and-services/aquatics/aquatic-science/puget-sound-eelgrass-monitoring-data-viewer
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8.0 Sampling Procedures 
8.1 Field measurement and field sampling SOPs 
SOPs for eelgrass restoration and monitoring are included in Appendix C. Restoration Plan 
and Timeline: Puget Sound Eelgrass (Zostera marina) Restoration and Monitoring.  

8.2 Containers, preservation methods, holding times 
N/A 

8.3 Invasive species evaluation 
N/A 

8.4 Equipment decontamination 
N/A 

8.5 Sample ID 
N/A 

8.6 Chain-of-custody, if required 
N/A 

8.7 Field log requirements 
The contractor maintains field logs and provides scanned copies as part of the required 
deliverable for the project. As part of the contract, the field log includes the following 
information: 

• Name and geographic coordinates (Latitude / Longitude) of the project 
• Maps 
• Bathymetry data to demonstrate project activities are deeper than -1.4 m (MLLW) 
• Field personnel 
• Sequence of events 
• Environmental conditions (e.g., sediment type) 
• Photographs and/or videos 
• Date, time, location, ID, and description of each sample 
• Field measurement results 
• Unusual circumstances that might affect interpretation of results 

8.8 Other activities 
N/A 
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9.0 Measurement Methods 
9.1 Field procedures table/field analysis table 
The field procedures involve deploying a pH sensor that measures seawater pH and 
temperature. DNR sensors will measure the pH and temperature of seawater. The custom 
sensors are built around a Honeywell Durafet – an established technology employed in the 
commercially available SeaFET pH sensors. Durafets use ion sensitive field effect transistor 
technology (ISFET) to measure pH. An ISFET is a Metal Oxide Semiconductor Field Effect 
Transistor (MOSFET), where the conduction channel is covered by a layer of amphoteric 
material rather than a metal gate electrode. The pH of the matrix controls the 
protonation/deprotonation state and surface charge of the insulator material, which in turn 
controls the strength of the electric field in the conduction channel of the FET. The 
conduction channel of the FET is located between the source and drain, and a feedback 
circuit is used to hold the drain-source current constant. Finally, a reference electrode is used 
in place of a metal gate electrode. The matrix pH is proportional to the reference electrode to 
source voltage. 
 
Identical custom-built sensors have been used in multiple peer-reviewed studies (Hofmann et 
al. 2014, Price et al. 2012, Kroeker et al. 2011). 
 
9.1.2 Matrix 
Puget Sound water (i.e., seawater). 
 
9.1.3 Number of samples 
DNR pH sensors will record measurements every 30 minutes from deployment in April 2017 
through August 2017. Each sensor will record approximately 10,000 observations. 
 
9.1.4 Expected range of results 
Based on previous deployments of DNR sensors, pH measurements will likely range between 
7.5 and 8.5 pH units, depending upon freshwater input, temperature, and biological 
processes, including eelgrass photosynthesis and respiration. Temperature measurements will 
likely range between 8 and 20 degrees Celsius. 
 

Analyte Sample 
Matrix 

Samples 
[Number/ 
Arrival 
Date] 

Expected 
Range of 
Results 

Reporting 
Limit 

Sample 
Prep 

Method 

Analytical 
(Instrumental) 

Method 

pH Seawater 10,000 7.5 – 8.5 
pH units 

4.0 – 10 pH 
units N/A Autonomous sensor 

Temperature Seawater 10,000 8 – 20°C -20 - 70°C N/A Autonomous sensor 
 
9.1.5 Analytical method 
N/A 
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10.0   Quality Control (QC) Procedures 
10.1 Table of field and lab QC required 
DNR pH sensors are only calibrated before and after each deployment in order to determine 
two sensor-specific properties: 1) the standard potential (E*) of the Durafet electrode, and 2) 
the temperature dependence of that standard potential (E*T). When these properties are 
known, pH can be calculated from Durafet voltage using the following equation (Martz et al. 
2010): 
 
 pH = (Durafet voltage – E* - E*T x T) / (R x (T + 273.15) x ln(10)/F)  
 (Eq. 1) 
 
 Where R is the gas constant: 8.3145 J x K-1 x mol-1 
 T is temperature in Celsius 
 And F is the Faraday constant 96485 C x mol-1 
 
For calibration, Tris-buffered synthetic seawater is prepared following SOP 6a in Dickson et 
al. (2007). A cap filled with 30mL of this synthetic seawater is placed over the Durafet 
sensor. Sensors are left for 72 hours to equilibrate to matrix salinity of 35. Sensors are then 
programmed to log at 10-minute intervals, and fully immersed in a water bath at room 
temperature (between 19 and 21 degrees Celsius), where a precise thermometer is taking 
contemporaneous measurements at 10-minute intervals. The water bath is intended to provide 
thermal mass. Sensors are left at room temperature for at least 24 hours and then moved to a 
refrigerator that maintains temperature between 1˚ and 3˚ Celsius. After at least 24 hours at 
the colder temperature, sensors and thermometer are removed from the water bath and data 
downloaded. 
 
The pH of the Tris-buffered synthetic seawater is calculated across the calibration period 
from thermometer observations following the equation from Dickson et al. (2007): 
 

pH = ((11911.08 – 18.2499 x S – 0.039336 x S2) x 1/(T + 273.15)) – 366.27059 + 
0.53993607 x S + 0.00016329 x S2 + ((64.52243 – 0.084041 x S) + log(T + 273.15)) 
– (0.11149858 x (T + 273.15)) 

  
 Where T is as in equation 1 
 and S is the salinity of the Tris-buffered synthetic seawater (35) 
 
Durafet voltage is then regressed against temperature: 
 

Durafet voltage – (R x ln(10) x (T + 273.15) * pH) / F = T   
 (Eq. 3) 

 
Where R, T, and F are as in equation 1 and pH is the calculated pH of the Tris-
buffered synthetic seawater 

 



Eelgrass Restoration in Puget Sound – Page 22 

E* is the intercept and E*T the slope of the resulting model. The date of calibration and the 
calculated E* and E*T for each sensor are recorded and compared against previous 
calibration results to evaluate sensor drift and accuracy of observations in the field. 

10.2 Corrective action processes 
The quality and utility of the data downloaded from the pH sensors will be determined 
following post deployment calibration. Since there will not be a mid-deployment pH sensor 
calibration, issues related to data collection will not be determined until after deployment. 
Faulty or malfunctioning pH and temperature sensors will result in the loss of data. 
 
11.0   Data Management Procedures  
11.1 Data recording/reporting requirements 
pH data will be downloaded from DNR pH sensors using MadgeTech 4 software. Data will 
be exported to *.xlsx and *.csv formats, and archived onto DNR servers. pH will be 
calculated from Durafet voltage following methods in Section 10.1 (above).  
 
Temperature data will be downloaded from the Hobo Tidbit Temperature sensors using 
Hoboware software (ver 3.7.8), exported to *.csv and *.xlsx formats, and stored onto DNR 
servers.  
 
Data will be reviewed in MS Excel to identify outliers. Minor and major outliers will be 
determined using the inter-quartile range (IQR) x 1.5 and 3, respectively. Data beyond the 
value of the minor outlier (IQR x 1.5) will be omitted from further assessment.   
 
After data are reviewed, data will be uploaded to the Washington State Department of 
Ecology’s Environmental Information Management (EIM) database. EIM will upload these 
data to EPA’s STORET database.  

11.2 Lab data package requirements 
N/A 

11.3 Electronic transfer requirements 
Data will be transferred in MS Excel and .csv formats.  

11.4 Acceptance criteria for existing data 
N/A 

11.5 EIM/STORET data upload procedures 
Water quality data will be submitted to Ecology’s Environmental Information Database 
(EIM) database system. EIM will upload these data to EPA’s STORET database. 
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12.0   Audits and Reports  
12.1 Number, frequency, type, and schedule of audits 
N/A 

12.2 Responsible personnel 
N/A 

12.3 Frequency and distribution of report 
Each of the tasks listed in Section 4.6 has detailed deliverables listed. The frequency and 
distribution of these products is outlined in the project SOW (Appendix A and B). In 
addition, Nearshore Habitat Program staff will review and submit a draft project report to 
peer reviewers and the NEP QC for comments. Jeff Gaeckle is responsible for these products.  

12.4 Responsibility for reports 
Hart Crowser will write the interim progress reports for eelgrass transplanting and 
monitoring along with the draft and final reports for the project. The Nearshore Habitat 
Program staff will review and submit the draft project report to peer-reviewers and the NEP 
QC for comments. Jeff Gaeckle is responsible for these products.  
 
13.0   Data Verification  
13.1 Field data verification, requirements, and 
responsibilities 
All sample location data for the project will be verified with GPS-plotted latitude and 
longitude data and corresponding to field notes provided by the Contractor. Instrument 
sensors will be calibrated as described in Section 6. Otherwise, water quality parameters will 
not be field-verified with other instrumentation or procedures. Temperature and pH valued 
logged on sensors will be screened for outliers as described in Section 11.0. Instrument 
sensor drift will be detected and addressed as described in Section 6.2.1.2. 

13.2 Lab data verification 
N/A 

13.3 Validation requirements, if necessary 
N/A 
  



Eelgrass Restoration in Puget Sound – Page 24 

 
14.0   Data Quality (Usability) Assessment  
14.1 Process for determining whether project objectives 
have been met 
The project objectives will be met through the collection of shoot density data and the water 
quality (e.g., temperature and pH) data. It is possible that both data sets will have zeros (0). 
In the case of shoot density data, a zero value will indicate an unsuccessful transplant effort 
as a result of a number of factors (e.g., biotic and abiotic factors). Even so, these data will be 
valuable for refining the eelgrass transplant process. A zero value from the water quality 
sensors would likely be due to a malfunctioning sensor. Unfortunately, determination that a 
sensor malfunctioned cannot be determined until it is retrieved and the data are downloaded. 
If the sensor malfunctions, there is no way to recover lost data under these circumstances. 
Project deliverables can still be generated considering either result. 

14.2 Data analysis and presentation methods 
Data collected for the project is designed to provide an assessment of eelgrass transplant 
success based on the number of eelgrass shoots that survive after transplanting. Water quality 
parameters (e.g., temperature and pH) will provide additional evidence for how eelgrass may 
affect these properties. Analysis and presentation of data will be conducted using programs 
commonly employed by the Nearshore Habitat Program. 

14.3 Treatment of non-detects 
When measuring eelgrass shoot density, zero (0) values indicate the transplant effort was not 
successful. These data will be included in the analyses. 
 
As for measuring water temperature and pH, zero (0) values would not be realistic 
measurements for Puget Sound seawater. Therefore, zero (0) values would suggest a 
malfunctioning or faulty sensor. 

14.4 Sampling design evaluation 
The eelgrass transplant method implemented in this study is slightly different than used for 
previous projects (Thom et al. 2014). Eelgrass will be transplanted at higher densities (~60-
120 shoots m-2) and secured to the substrate using a hemp (burlap) fabric and staples. 
Preliminary test transplants have observed some success using this modified method and 
subsequent transplant method assessments may lead to modified eelgrass transplant 
techniques for future efforts that will increase transplant success.  
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16.0   Appendices 
Appendix A.  IAA 14-02072 - Contract between WDFW and 
DNR 
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Appendix B. SC 16-17 – Contract between DNR and Hart 
Crowser 
(Contains Statement of Work) 
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Appendix C. Timeline: Puget Sound Eelgrass (Zostera 
marina) Restoration and Monitoring Timeline 
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Restoration Plan and Timeline  

Puget Sound Eelgrass (Zostera marina) 

Restoration and Performance Monitoring 

 

INTRODUCTION AND SCOPE 

Hart Crowser’s Team has been selected to help the Washington State Department of Natural 

Resources (DNR) restore Zostera marina (eelgrass) to help support target outcomes of the “20% More 

Eelgrass by 2020” project. The restoration will be conducted at select large-scale and test sites 

throughout Puget Sound chosen for their strong probability for transplant success of eelgrass shoots 

from healthy donor beds. This project includes monitoring the recovery of eelgrass at donor sites 

following harvest activities and the success of the eelgrass plantings within the test and large-scale 

restoration sites. Hart Crowser will test water quality using sensors provided by DNR in areas with 

transplanted eelgrass and in areas without eelgrass at the donor, large-scale, and test sites.  

This document provides our team’s approach to restoration and monitoring and includes a draft 

schedule for this work. 

RESTORATION SITE CRITERIA  

DNR has established requirements for the donor, large-scale, and test sites at which the restoration 

work will be conducted. Across site types, all work must be conducted on state-owned aquatic lands 

deeper than –1.4 m, relative to mean lower low water (MLLW). Identified test sites must be large 

enough to support three eelgrass test plots and large-scale sites must be large enough to support a 

minimum of 2,025 square meters (m2) of eelgrass restoration area. Large-scale sites can be subdivided 

into smaller areas as long as the sum of the smaller areas is a minimum of 2,025 m2, and that a 

minimum of 20,260 eelgrass shoots are planted at a minimum density of 20 shoots per meter (m).  

DNR has established that restoration must occur at a minimum of 10 test sites and 8 large-scale sites, 

and that shoots for these efforts will be harvested from a minimum of 5 healthy donor beds.  

We have already identified candidate donor, large-scale, and test sites using the model output data 

from Pacific Northwest National Laboratory, data from DNR’s Submerged Vegetation Monitoring 

Program, and our local knowledge. On February 17, 2016, we presented a draft list of candidate sites 

to DNR for initial review and feedback. After discussion and preliminary field assessments, these sites 

will be finalized and presented in a subsequent memo as a supplement to this plan.  
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FIELD PROCEDURES 

Donor Site 

Site Setup 

Donor sites will be selected through a combination of data review and field verification. Information 

on candidate sites will be researched through the Marine Vegetation Atlas, DNR’s eelgrass monitoring 

data, and local knowledge. Once donor sites are initially selected by screening available 

documentation, top candidates will be field verified for areal coverage, health of the bed, and dive 

conditions at the site. Field verification will be largely done through video survey to confirm the 

general size of the bed and to identify the shallow and deep edges of the bed (Figure 1). If the bed 

meets the necessary criteria for size and density and the dive conditions are favorable, two divers will 

deploy a tape between the shallow harvest limit (–1.4 m) and the deep edge, perpendicular to shore. 

Divers will then mark the center of the bed along that tape.  

 

Figure 1 – Donor bed setup 

This center point will be permanently marked (denoted with a “C” on Figure 1). From this center point 

divers will lay a 26-meter transect line parallel to shore and then mark the end (opposite the 

permanent center point) with another permanent marker. This will serve as the permanent 

monitoring transect that we will revisit during our monitoring efforts for this project. A second 26-

meter transect will be set within the same donor bed but offset from the center marker of the donor 

harvest transect by a 3-meter buffer and heading in the opposite direction. This will serve as a control. 

Divers will verify that the depth and density of grass along the control transect is similar to that along 

the donor harvest transect before placing the permanent monuments at each end. The donor site 

monitoring transects are illustrated in Figure 1.  
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The markers will consist of small helical anchors and PVC posts that divers will install into the substrate 

(WDFW 2015). To facilitate repeat monitoring, coordinates for each marker will be recorded using a 

survey-grade Global Positioning System (GPS) with a horizontal accuracy of less than 1 meter. 

Horizontal coordinates will be referenced to DNR’s preferred standard of 

“NAD_1983_HARN_StatePlane_Washington_South_FIPS_4602_Feet.”  

Transect Sampling 

Eelgrass density will be determined within each plot before harvesting to provide a baseline for 

average shoot density, spatial variability in shoot density, and to help inform how many shoots may be 

available for harvest. A team of two divers, each with a 1-m2 quadrat, will count shoots in an offset 

pattern along each 26-meter transect line, beginning with the first quadrat (Quadrat 1) placed 

downslope of the transect tape on the deeper harvest edge (Figure 1) at the sampling monument 

furthest from the center marker (Figure 2). Quadrat 2 will be placed 1 meter away from the sampling 

monument, but upslope of the transect line. Quadrats 3–26 will be placed on alternating sides of the 

transect tape according to this pattern. To be consistent, shoots will always be counted beginning with 

Quadrat 1. The two-person dive team will then survey each of the 26 quads. Each diver (one upslope 

and one downslope from the transect line) will count 13 quads along the transect line. This practice 

will be identically repeated along the control transect and in subsequent survey efforts over time.  

 

Figure 2 – Generalized monitoring transect placed within harvest portion of donor bed and in control area 

Large-scale Transplant Effort 

Harvesting Eelgrass 

Once the pre-harvest data have been collected along the 26-meter transects in the donor bed as 

described above, the divers will begin to harvest shoots at a predetermined density along a narrow 

depth range. The divers will harvest shoots by hand or with light tools (depending on substrate) in 

order to minimize damage to the plants. These harvested shoots will ideally be bundled in clusters of 
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100 with a rubber band and then placed in a dive bag. If this bundling cannot be done efficiently, 

divers will fill the bags with harvested shoots and a processing crew will sort and bundle them on 

shore. Harvested plant bundles will be deposited into larger, permeable laundry bags when brought to 

the surface and handed off to a kayak support vessel. The kayaker will take the filled laundry bags to 

the shore where they will be processed by a designated processing crew.  

Processing Eelgrass 

All eelgrass processing will be done on shore by taking the diver-filled laundry bags from the kayaker 

and emptying them into a shaded shallow container of sea water (e.g., a kiddy pool). The bundled 

shoots will first be trimmed to length and then separated into individual plants. Once separated, the 

shoots will be “woven” into pre-cut strips of burlap to create discrete planting units. These planting 

units will have five to ten eelgrass shoots per burlap strip depending on the site they are destined for. 

These assembled burlap strips will be collected onto a “key ring” so that multiple planting units can be 

handled with minimal damage. Once a “key ring” is completely loaded with planting units, it will be 

placed back into a laundry bag, or “purse,” which the shore crew will hand off to the kayaker so that it 

can be stored on a floating buoy system (Figure 3). Processed eelgrass purses will continue to be 

added to the buoy system until all harvested eelgrass has been processed. We estimate that 

approximately six purses will fit along each buoy system.  

  

Figure 3 – Buoy system with attached purses and planting units 

Transport and Transplanting Eelgrass 

Once processing is complete at the donor site, the buoy system (with attached purses) will be pulled 

out of the water using the A-frame aboard the vessel. Each individual buoy system will be deposited 
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into a large tote, filled with fresh seawater. These buoy systems can be transported up to six at a time 

aboard the boat.  

Once at the large-scale planting site, the buoy systems will be lifted out of the totes and deployed 

within the planting area. After unloading the harvested eelgrass, we will locate the minimum and 

maximum planting depths via diver or video. Transplant sites will be matched with suitable donor sites 

so that eelgrass is planted along a similar depth range. Transplanting depths will be to the shallow limit 

of the bed to 20 percent of the deep edge of the donor bed. Teams of two divers will use a 2-m by 3-m 

PVC grid “jig” as a guide to plant the eelgrass. Beginning on the established deeper edge of the bed, 

divers will set the jig and install stakes within the inside of each corner and the outside of each corner 

on the right side as shown in Figure 4. Once the jig is set, kayakers will give each diver a “purse” 

(permeable laundry bag filled with processed eelgrass; see Figure 3). The divers will begin to install the 

PU’s by fixing the eelgrass woven strips to the substrate with garden stables. Divers will plant within 

each square of the jig to achieve a density of 20 shoots/m2. Once the divers are finished planting 

within the jig, the jig will be moved up slope, guided by the stakes left in place. Once the jig reaches 

the shallow planting limit, the jig will be moved to the deeper planting limit of the adjacent column, 

guided by stakes left in place from the previous columns (Figure 5).  

 

Figure 4 – Transplanting schematic for the initial swath 
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Figure 5 – Transplanting schematic for the second swath 

Using stakes left from the previous column will ensure that the bed is planted evenly and consistently. 

Divers finishing a “purse” will come to the surface for another one so that swimming is minimized. 

Once the area is completely transplanted, a survey transect will be installed using permanent markers, 

as previously described for the donor beds (Figures 1 and 2). This will allow for a consistent, repeatable 

survey methodology for all beds. DNR has established that each large-scale site will have a minimum 

area of 2,025 m2 and a planting density of 20 shoots per square meter, for a total of 20,260 shoots at 

each large-scale site. 

Test Site Transplanting Effort 

Eelgrass will be harvested, transported, and staged according to the same methodology for the large-

scale transplanting sites described above. The difference at test sites is in how the eelgrass will be 

planted and subsequently monitored. Within each test site will be three test plots and each test plot 

will be 25 m2. These test plots will be established along the center transect line with 6 meters of 

separation between each. Transplant efforts at a test site will begin with the divers establishing a 

center transect line at a depth similar to that of the plants harvested from within the donor bed 

(harvest transect line depth). From there, the divers will transplant using the 2-m by 3-m jig to create 

the checkerboard pattern shown in Figure 6. The jig allows for the planting of two rows and will be 

flipped a total of 2.5 times from deep to shallow to establish the first swath. To complete the test plot 

planting area, the jig will then be placed at the same deep edge as the initial swath, to complete a 

second swath. During the second swath, only two of the three columns of the jig will be used so that 

only two more columns will be added to the initial swath by flipping the jig 2.5 times from deep to 

shallow. These test plots will either all be planted upslope or downslope of the transect line, 

depending on conditions at the test site. Figure 6 illustrates a scenario where all test plots are below 

the center transect line. DNR has established criteria that 780 shoots will be planted at each test site; 
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therefore each of the three test plots will require 260 shoots. To achieve this total within the required 

checkerboard pattern, shoots will be planted at a density of 20 shoots per meter.  

 

Figure 6 – Example test site planting schematic 

RESTORATION MONITORING  

Donor Sites 

Donor sites will be monitored to quantify the recovery rates within each bed. The recovery of these 

sites depends on the resilience of the bed and the specific environmental conditions within that area. 

As described above and shown in Figures 1 and 2, two 26-meter transects will be permanently 

installed within the donor bed, one within the harvest area and a second adjacent to the harvest area 

to serve as a control transect. Monitoring will be conducted along each of these 26-meter transects by 

a team of two divers, each with a 1-m2 quadrat. Eelgrass shoots will be counted in an offset pattern 

beginning at the sampling monument furthest from the center monument. To be consistent, shoots 

will always be counted beginning with Quadrat 1, downslope of the transect tape on the deeper 

harvest edge (see Figure 2). From there, each diver will count 13 quads so that a total of 26 density 

counts are collected along the transect line.  

Large-scale Sites 

Since large-scale sites were transplanted at a density of 20 shoots/m2, we can employ the same 

monitoring methodology established for the donor sites. Large-scale sites will be monitored using 

methods nearly identical to those described for the donor site. Large-scale sites will not have a control 

transect, however, and density counts will be measured to assess the success and survival of 

transplants. These density counts will be collected along the 26-meter center transect line by a pair of 

divers, each with a 1-m2 quad, to count in an offset pattern beginning at the sampling monument 

furthest from the center monument. To be consistent, shoots will always be counted beginning with 
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Quadrat 1, downslope of the transect tape on the deeper harvest edge (see Figure 2). From there, 

each diver will count 13 quads so that a total of 26 density counts are collected along the transect line. 

Test Sites 

Test sites will be monitored using the permanent transect established during the initial planting 

(Figure 6). Divers will match the corner of the 2-m by 3-m jig with the marker to count all shoots within 

the quad and flip once away from the center line to count the last row. This will be repeated at the 

remaining two test plots within the test site so that all shoots at an individual test site are counted. 

The divers will also make qualitative notes on the location and density of shoots that have recruited 

outside of the originally planted area.  

WATER QUALITY MONITORING 

DNR will provide the Hart Crowser team with pre-calibrated water quality instruments (e.g., PAR, 

temperature, and pH sensors), equipment necessary for deployment, and instructions on deployment 

procedures. These water quality instruments will be placed at locations identified by DNR along the 

transect(s) at each site. Water quality instruments will be deployed and serviced (i.e., cleaned, 

swapped) every three to six months during eelgrass transplant monitoring events. Hart Crowser will 

collect water samples at the pH sensors during sensor retrieval to compare the sensor pH reading with 

the actual pH of the water. These water samples will be fixed on land (not aboard vessel) using 

approximately 50 microliters (µl) of mercuric chloride (HgCl2) provided by DNR or by dispensing the 

collected water sample into pre-fixed sample bottles containing approximately 50 µl of mercuric 

chloride. DNR will retrieve collected water quality instruments and samples at the end of each field 

event when the Hart Crowser team is demobilizing. Water quality monitoring data from the 

instruments will be downloaded and reviewed by DNR and then provided to the Hart Crowser team in 

Excel spreadsheet or Access database format for use in the Final Report. DNR will process the collected 

water samples, review the data, and then provide the data to Hart Crowser for use in the final report. 

SCHEDULE 

The 2016 field schedule will begin in April, when we will start site assessments to identify all donor 

sites. Our plan for the first season is to identify, set up, and harvest from at least three donor sites and 

to transplant at ideally seven of the 10 test sites and four of the eight large-scale sites. In-water work 

will stop in October. Sites not planted during 2016 will be transplanted as early in the field season as 

possible, ideally at the beginning of May 2017. In addition, the 2016 sites will be monitored in April, 

July, and October 2017 to evaluate the recovery at the donor sites and the success of the transplants 

at the large-scale and test sites.  

We will complete a draft report by the end of October 2017; DNR will then review the report and 

provide comments. We will finalize the report by the contract end date of November 30, 2017. This 

report will summarize the completed work, indicating recovery and survival trajectories of the eelgrass 

at donor sites, eelgrass growth and survival at the restoration sites, and an analysis of effectiveness of 

the planting design used at the test sites. Statistical analysis of the data will be conducted as 
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appropriate, and the report will include maps containing spatially explicit visualization of the shoot 

density, eelgrass distribution, and water quality results. The report will also include the results of the 

water quality monitoring data. 

PROJECT PERSONNEL AND RESPONSIBILITIES 

Key staff members for the work are listed below with their project roles:  

 Jeff Barrett, PhD, Natural Resource Business Unit Manager at Hart Crowser, will be the Principal in 

Charge for contracting matters with DNR, and as the senior internal reviewer responsible for all 

work conducted under the contract.  

 Jason Stutes, PhD, Marine Ecologist at Hart Crowser, will be the Project Manager. He will manage 

all office work (project planning and reporting) and assist with managing field efforts.  

 Emily Duncanson, Environmental Scientist at Hart Crowser, will be the Field Operations Manager, 

managing field operations and assisting Jason with office work as needed.  

 Amy Leitman, MS, Marine Biologist and Scientific Diver, Owner of Marine Surveys & Assessments, 

will assist with transplanting efforts, eelgrass surveys, and water-quality probe deployment.  

 Nam Siu, MS, Marine Biologist and Scientific Diver at Marine Surveys & Assessments, will 

implement transplanting efforts, eelgrass surveys, and water-quality probe deployment.  

 Eric Parker, Vessel and Video Owner/Operator of Research Support Services, will lead all boat and 

diving operations, managing any staff that assist in boat operation or diving-related surveys.  

 Chris Fairbanks, MS, Marine Biologist and Scientific Diver at Research Support Services, will assist 

with transplanting efforts, eelgrass surveys, and water-quality probe deployment.  
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Appendix D. Glossary, Acronyms, and Abbreviations 
Quality Assurance Glossary 
 
Accuracy - the degree to which a measured value agrees with the true value of the measured 
property. USEPA recommends that this term not be used, and that the terms precision and 
bias be used to convey the information associated with the term accuracy. (USGS, 1998) 
 
Analyte - An element, ion, compound, or chemical moiety (pH, alkalinity) which is to be 
determined. The definition can be expanded to include organisms, e. g. fecal coliform, 
Klebsiella, etc. (Kammin, 2010) 
 
Bias - The difference between the population mean and the true value. Bias usually describes 
a systematic difference reproducible over time, and is characteristic of both the measurement 
system, and the analyte(s) being measured. Bias is a commonly used data quality indicator 
(DQI). (Kammin, 2010; Ecology, 2004) 
 
Calibration - The process of establishing the relationship between the response of a 
measurement system and the concentration of the parameter being measured.  (Ecology, 
2004) 
 
Comparability - The degree to which different methods, data sets and/or decisions agree or 
can be represented as similar; a data quality indicator. (USEPA, 1997) 
 
Completeness - The amount of valid data obtained from a project compared to the planned 
amount. Usually expressed as a percentage. A data quality indicator. (USEPA, 1997) 
 
Dataset - A grouping of samples organized by date, time, analyte, etc (Kammin, 2010) 
 
Measurement result - A value obtained by performing the procedure described in a method. 
(Ecology, 2004) 
 
Method - A formalized group of procedures and techniques for performing an activity (e.g., 
sampling, chemical analysis, data analysis), systematically presented in the order in which they 
are to be executed.  (EPA, 1997) 
 
Precision - The extent of random variability among replicate measurements of the same 
property; a data quality indicator. (USGS, 1998) 
 
Quality Assurance Project Plan (QAPP) - A document that describes the objectives of a 
project, and the processes and activities necessary to develop data that will support those 
objectives. (Kammin, 2010; Ecology, 2004) 
 
Quality Control (QC) - The routine application of measurement and statistical procedures to 
assess the accuracy of measurement data. (Ecology, 2004) 
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Replicate samples - two or more samples taken from the environment at the same time and 
place, using the same protocols. Replicates are used to estimate the random variability of the 
material sampled.  (USGS, 1998) 
 
Representativeness - The degree to which a sample reflects the population from which it is 
taken; a data quality indicator. (USGS, 1998) 
 
Sample (field) – A portion of a population (environmental entity) that is measured and 
assumed to represent the entire population. (USGS, 1998) 
 
Sample (statistical) – A finite part or subset of a statistical population. (USEPA, 1997) 
 
Sensitivity - In general, denotes the rate at which the analytical response (e.g., absorbance, 
volume, meter reading) varies with the concentration of the parameter being determined.  In a 
specialized sense, it has the same meaning as the detection limit. (Ecology, 2004) 
 
Standard Operating Procedure (SOP) – A document which describes in detail a 
reproducible and repeatable organized activity. (Kammin, 2010) 
 

Glossary – General Terms 
 
Conductivity:  A measure of water’s ability to conduct an electrical current.  Conductivity is 
related to the concentration and charge of dissolved ions in water.   

Dissolved oxygen (DO):  A measure of the amount of oxygen dissolved in water. 

Parameter:  A physical chemical or biological property whose values determine 
environmental characteristics or behavior.   

pH:  A measure of the acidity or alkalinity of water.  A low pH value (0 to 7) indicates that 
an acidic condition is present, while a high pH (7 to 14) indicates a basic or alkaline 
condition.  A pH of 7 is considered to be neutral.  Since the pH scale is logarithmic, a water 
sample with a pH  
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Acronyms and Abbreviations 
 
Following are acronyms and abbreviations used frequently in this report. 
 
e.g.  For example 
Ecology   Washington State Department of Ecology 
EIM  Environmental Information Management database 
EPA  U.S. Environmental Protection Agency 
et al.  And others 
GIS  Geographic Information System software 
GPS  Global Positioning System 
i.e.  In other words 
QA  Quality assurance 
SOP  Standard operating procedures 

Units of Measurement 
 
°C   degrees centigrade 
m   meter 
mg   milligram 
mgd   million gallons per day 
mg/d   milligrams per day 
mg/Kg  milligrams per kilogram (parts per million) 

mg/L   milligrams per liter (parts per million) 
mg/L/hr   milligrams per liter per hour 
mL   milliliters 
mm  millimeter 
mmol   millimole or one-thousandth of a mole. A mole is an S1 unit of matter.  
psu   practical salinity units  
s.u.  standard units 
ug/g   micrograms per gram (parts per million) 
ug/Kg  micrograms per kilogram (parts per billion) 
ug/L   micrograms per liter (parts per billion) 
um   micrometer   
uM   micromolar (a chemistry unit) 
umhos/cm  micromhos per centimeter 
uS/cm  microsiemens per centimeter, a unit of conductivity 
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