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We value your feedback!

https://www.surveymonkey.com/r/PNNL051920

https://www.surveymonkey.com/r/PNNL051920
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National Security

Energy Independence
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PNNL is 
Focused on 
DOE’s 
MISSIONS
and
Addressing Critical
NATIONAL 
NEEDS
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PNNL is an 
ECONOMIC
ENGINE

Employees

$1.01B
Annual Spending

$465M
Total Payroll

265
Inventions

193

Patents

34
Licenses

4,722
Total Economic Output

Jobs Generated 
in Washington

Companies
with PNNL Roots

7,180

$1.46B

88
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50+ Years

Developing Goodwill

$28.5M
$0.52M

Philanthropic 
Investments

347,000
30,000

Team Battelle 
Volunteer Hours

>120
56

Community 
Organizations

Decades

FY19



7

1 of 17 
U.S. DOE 
Labs

Marine Sciences Laboratory



8

Marine 
Sciences 
Lab

Colleagues:
Ron Thom, Emeritus
Amy Borde
Lara Aston
Kate Hall
Sue Southard
Kate Buenau



9



Green and Short. 2003.  World Atlas of Seagrasses.



Local seagrass
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Short et al. 2007



Zostera marina (eelgrass)
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Project 
Seagrass 

http://www.seagrassli.org/ecology/eelgrass/taxonomy.html• Most widespread of ~60 seagrass species

• Grows in northern hemisphere 

• 3 – 7 ribbon-like leaves
 0.3 – 1.3 cm wide
 7 – 160 cm long

• Rhizomes

• Monoecious

• Water pollinated



Sexual reproduction



Asexual reproduction



Eelgrass functions
• Provides food for coastal food webs
• Juvenile salmon feed & find refuge in eelgrass meadows
• Provides habitat for microbes, invertebrates, & vertebrates (often endangered or 

commercially important finfish or shellfish)
• Provides natural nursery & spawning areas for some finfish (e.g. herring) & 

shellfish (e.g. Dungeness crab)
• Provides storm & shoreline protection (reduces nearshore erosion by lessening the 

impact of waves on shoreline )
• Stabilizes sediment & prevents sediment resuspension, can improve water clarity 
• Provides oxygen to water and sediment, reduce acidification
• Traps and cycles nutrients through the ecosystem
• Sequesters carbon from the atmosphere
• May kill pathogens and diseases in water
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Mumford 2007



Worldwide declines

17 Waycott et al. 2009

Increasing loss in area



Regional Declines

• In Puget Sound, eelgrass is considered a critical habitat for fisheries support 
and is protected at the federal, state, and local levels.  

• In the early 1990’s, Washington State established a “no net loss” policy for 
eelgrass

• Declines occurring in Puget Sound, particularly in back bay areas (DNR 
2005), likely due to combined effects of urban development, loss of water 
clarity, nutrient enrichment, and other effects. 

• In 2010, DNR and the Puget Sound Partnership set action item to increase 
eelgrass 20% by 2020 (~4,000 ha)

18
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What’s the problem?

What can we do?

• Protect existing plants

• Improve water quality

• Restore habitat
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Approach to Restoration 

1. Model shorelines

2. Identification of potential areas 

3. Field surveys

4. Test plots / evaluation

5. Full restoration planting

6. Evaluate and apply to next effort

Thom et al., 2018



21

Modeling

• Can provide general 
idea of processes and 
effects

• Saves:
 Time 
 Money
 Exposure
 Wear and tear
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Data Sources

Khangaonkar et al., 2011
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Eelgrass Biomass Model

Aboveground biomass
(mol C/m2)

Belowground biomass
(mol C/m2)

Translocation and 
exudation of carbon

Photosynthesis

Density 
dependence

Respiration

Mortality

Adapted from: Burd and Dunton 2001, Eldridge et al. 2004, Kaldy and Eldridge 2006 



Eelgrass Growth Model for Puget Sound

Puget Sound 
Hydrodynamic 

Model

Light 
Data

Eelgrass Model 
Output 

(numerical data) 

Model output 
for -5m depth
(point data)Physiological Response

Density dependence
Photosynthesis
Respiration
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Habitat suitability model

• Biomass model results

• Presence or absence of eelgrass

• Bathymetry / potential area

• Landscape conditions

• Stressors
 Overwater structures
 Shoreline armoring
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Site Surveys

• Presence of eelgrass

• Appropriate substrate

• Presence of stressors

 Water clarity

 Algae presence

 Shoreline modifications

• Surveyed over 75 areas and 

~400 sites
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Test Transplants

• 5 x 5 m plot

• Checkerboard planting

• Each 0.25 m2 has 20 
shoots

• 500 shoots per plot

Planted 77 test plots to date
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Harvesting

• Tanks at MSL
 Primarily if salvaged from an area nearby

• 16 donor sites
 Located near restoration sites

• Conducted donor harvest study to 
determine effects
 Preliminary results indicate recovery is rapid 

and little to no effect is discernable



Bundling



Bundling
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Planting methods
S h o o t

R h iz o m e s  +  R o o ts

T w is t T ie  
&
S ta p le



Planting



Test Plots

• Planted 78 test plots to date

Staple Method Rebar Method



Evaluation of Test Plots
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Assessment

• 49 Absent

• 28 Present

Planted 77 test plots to date
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Full planting
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Evaluation
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11 Large-scale Plantings

• 3 unsuccessful

• 8 successful
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Science is iterative

• Learn from our results 

• Apply lessons to next efforts
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Thom et al. 2011



Biological 
disturbances



Macroalgal 
deposition



Unconsolidated 
sediment
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Thom et al. 2011



Impacts to 
Donor Sites

Northern

Southern



Sampling sites

Mouth of Sequim Bay, WA
(Eelgrass growth rate in 21 
of 24 summers since 1991)
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Temperature

Thom et al., 2014
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What’s Next?
• Continued restoration in Puget Sound

 2 large scale sites this year based on test plot results
• Continue climate related research including new mesocosm 

tanks
 Temperature response of different populations from 

Puget Sound
 Evaluation of eelgrass wasting disease
 Metabelomics



THANK YOU!

5
1

John Vavrinec
Senior Scientist / Dive Officer

COASTAL ECOSYSTEMS

Phone: (360) 681-3665
john.vavrinec@pnnl.gov

1529 W. Sequim Bay Rd.
Sequim, WA 98382
www.pnnl.gov
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Take our survey and join our email distribution list

https://www.surveymonkey.com/r/PNNL051920

Soils Are 
Alive!
Aditi Sengupta
Tuesday, June 9
7:00 pm

Hacking Biology 
to Produce 
Energy and 
Fuels
Joseph Laureanti
Tuesday, June 16
7:00 pm

Glass: A Common 
Material Solving 
An Uncommon 
Problem – How 
Do We Immobilize 
Nuclear Waste?
Jaime George
Tuesday, May 26
7:00 pm

https://www.surveymonkey.com/r/PNNL051920
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Monitoring Results
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Monitoring Results (% of planted)

Joemma 
North

Joemma 
South Anderson CBay-West CBay-East

Harstine 
South

Harstine 
North

Planted year 2015 2015 2017 2018 2019 2018 2019
# Planted 12,000         10,200         10,525         10,825         16,400         9,688           13,320         
Year 1 19% 42% 64% 91% 137% 263%
Year 2 309% 791% 45% 94% 682%
Year 3 48% 614% 197%
Year 4 61% 2412%
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Depth Distribution

Light limitation

Desiccation Stress

Thom et al. 2003 and 2008
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Depth distribution throughout the Sound

DNR SVMP data
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Hypothesis: 
Drought 
induced diet 
switch from 
terrestrial 
grasses to 
eelgrass

June 2013

June 2015

June 2015

Rivers and Short 2007 documented 
similar Canada geese grazing effects

Recovery?

Eelgrass 
Biomass

Grazing

Burial in 
sediment

Export
to deep 
water

Respiration

Brant 
geese

Canada 
geese

Invertebrates

Productivity 
and biomass 
maintained

Productivity 
decreased; 
biomass loss

Consume 
leaves and 
rhizomes

Consume 
leaves 
above 
meristem

Consume 
epiphytes, 
and some 
leaf

Geese



Regional differences?



Donor impact experiment

• Randomized block design

• 5 blocks per site

• 5 harvest levels (0, 10, 20, 30, and 50%)



Methodology



Proportional change from harvest (T2)
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Caveats

We chose sites with higher densities

D
ep

th
Shallow

Deep



Caveats

• We harvested small patches



Conclusions

• Donor sites can probably recover quickly at moderate harvest rates

• Should conservatively harvest no more than 15 or 20% in dense areas

• Use best practices:
 Remove small patches
 Do not harvest the edges 
 Avoid low density areas
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Clinton Ferry Dock
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Take our survey and join our email distribution list
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