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Green and Short. 2003. World Atlas of Seagrasses.
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Pacific

Northwest Z0Stera marina (eelgrass)

http://www.Seagrassli.org/ecology/eelgrass/taxonomy.html

 Most widespread of ~60 seagrass species
e Grows In northern hemisphere

e 3 — 7 ribbon-like leaves
= 0.3-1.3cm wide
= 7—-160 cm long

e Rhizomes
e Monoecious

« Water pollinated

Project
Seagrass

12
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Pacific Eelgrass functions

Northwest
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® 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




Zooplankton

Larval crab

Salmon

Herring

Epiphyticmacroalgae

Epiphyticmicroalgae,

Hydozoa, and bryozoa

Sea cucumber

Dungeness crab

Octopus

10. Sand dollars

11.  Clams and cockles

12. Pacific spiny
Lumpsucker

13. Caprellid amphipod

LEN oA WN =

Figure 2. The eelgrass meadow: A world of microhabitats (© permission Port Townsend Marine Science Center,

Port Townsend, WA).
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14.
15.
16.
17.
18.
19,
20.
21.
22.
23.
24,
25,
26.
27.
28.

Stalked jellyfish
Eelgrass isopod
Juvenile salmon
Bubble shell
Opalescent nudibrandh
Perch

Juvenile kelp crab
Alab aster nudibranch
Scallop

Gunnel

Bay pipefish

Sea urchin

Juvenile saulpin
Decorator crab
Juvenile clams

29.

30.
31.
32.
33.

35.
36.
37.
38.

39.

Juvenile flounder
And sole

Juvenile crab
Geoduck

Sediment miaofauna
Snail and snail eggs
Juvenile cod, tomcod
And wall-eyed pollodk
Herring eggs
Jellyfish

Larval fish
Melibae-hooded
nudibranch
Tubesnout

Shrimp

REURNBEESRGRERE

Brooding anemone
Prickleback
Sculpin

Bacteria on detritus

Mo onsnail
Sunflower seastar
Sea pen

Red rock crab
Hermit crab
Worms

Ghost shrimp
Sand lance
Black Brant
Canada Goose
Bufflehead

The Eelgrass Meadow — A World of Microhabitats

Mumford 2007
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Pacific

Northwest ~ Reglional 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 can we do?

e Protect existing plants
* Improve water quality

e Restore habitat




Restoration Ecola

THE JOURNAL OF THE SOCIETY FOR ECOL

TECHNICAL ARTICLE

Eelgrass (Zostera marina L.) restoration in Puget
Sound: development of a site suitability assessment
process
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Northwest
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Approach to Restoration

Ronald Thom'-*(®, Jeffrey Gaeckle®, Kate Buenau', Amy Borde', John Vavrinec', Lara Aston',
Dana Woodruff', Tarang Khangaonkar', James Kaldy*

The restoration of eelgrass (Zostera marina L.) is a high priority in Puget Sound, Washington, United States, In 2011, the state
set a restoration target to increase eelgrass area by 4,200 ha by 2020, a 20 increase over the 21,50M ha then present. In a region
as large, dvnamic, and complex as Puget Sound, locating areas to restore eelgrass effectively and efficiently is challenging. To
identify potential restoration sites we used simulation modeling, a geodatabase for spatial screening, and test planting, The
simulation model of eelgrass biomass used time series of water properties (depth, temperature, and salinity) output from
a regional hyvdrodynamic model and empirical water clarity data to indicate growth potential. The geographic information
system-based analysis incorporated results from the simulation model, historical and current eelgrass area, substrate, stressors,
and shoreline manager input into a gecdatabase to screen sites for field reconnaissance. Finally, we planted eelgrass at test
sites and monitored survival. We screened 2,630 sites and identified 6,292 ha of highly to very highly snitable conditions for
eelgrass —ample area for meeting the 20% target. Test plantings indicated that fine-scale data are needed to improve predictive
capabilitv. We summarized the results of our analysis for the majority of the approximately 3,220 km of shoreline in Puget
Sound on maps to support restoration site selection and planning. Our approach provides a process for identifying and testing
potential restoration sites and highlights information needs and management actions to reduce stressors and increase eelgrass
area to meet restoration objectives,

Key words: eelgrass model, eelgrass transplanting, nearshore restoration, Puget Sound, Zostera marina

1. Model shorelines
2. ldentification of potential areas

3. Fileld surveys

Implicati for Practice tniggenng the World Conservation Union (IUCN) to hist nearly

Test plots / evaluation

Full restoration planting

Evaluate and apply to next effort

Thom et al., 2018

# Simulation models in combination with a geodatabase
and test plantings provided a comprehensive yet efficient
grass in a large and complex estuary.

# Or analysis showed that eclgrass restoration of 4,200 ha
15 achievable pending site-specific assessments, possible
reduction in stressors, and following prudent restoration
procedures.

# The modeling and test planting identified fine-scale light
attenuation data and improved physiological data, partic-
ularly in regard to low-light conditions and phenotypic
or genotypic adaptations, as crnitical information needs to
improve this method of restoration planning.

# The model and database provide a methodology for
assessing cffects of chmate and land wse changes on
c through stressor reduction and improved site
selection.

Intreduction
Recent global declines in scagrasses have been attnbuted to
anthropogenic stressors (Orth et al. 2006; Waycott et al. 2000},

23% of the world's scagrass species as endangered or threat-
ened (Short et al. 2011). In Puget Sound, Washington, United
States, declines in eclgrass meadows and localized extinctions
have been attnibuted to anthropogenic shoreline modifications,
penodic disturbances, and degradation in water quality (Dowty
et al. 2010; Thom et al. 200 1). In 201 1, the Puget Sound Partner-
ship (PSP) established a challenging recovery goal of increasing
eelgrass arca by 20% by 2020, an approximate 4,200 ha increase
from the 20002008 bascline of 21,500 acres (Chnstiaen et al.
2017).

Author contributions: BT, )i, KB, AR designed the research and analyzed the daia;
J(, AR, IV conducted assessments and plantings; KI¥ refinsd and mn eelgrass model;
LA, 3G conducted planner surveys; W analyzed light dete; TK contributed
hydrodynamic modeling resuhis; JE contributed initis]l model; KB, KT, IG, AR, IV,
LA, YW wrole the manusoripl

"Coastal Sciences Division, Pacific Northwest National Laboratory, Sequim, WA
GE3R, U.S.A.

 Address comespondence to B. Tham, email ron.thom i@ panl.gos

*Mearshore Habitst Program, Washington Staie Department of Maotwml Besourves,
Diympia, WA Y8504, UL3.A.

*Pacific Coastal Foology Branch, ULS. Environmentsl Protection Apency, Mewport,
QR 97365, L5 AL

© 2018 Saciety fr Ecolagical Restoration
daii: 10111 Lirez. 12702

Restoration Ecology
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Modeling

e Can provide general
iIdea of processes and
effects

e Saves:
= Time
= Money
= EXposure
= Wear and tear

Controlling
Factors

» Structure _____ » Functions

Light
(3 moles photosynthetically

active radiation d1) Carbon Export
Temperature \ /
713°0 T

Salini Eelgrass

(18l (')r_"% opt) » Biomass —m Fisheries Resources
/ and Associated

Substrata Community

(sand-mud) \

Nutrients Shoreline

(mod. soil; Stabilization

low water col.)

Water Motion
(3m s7! tidal;
80cm s! burst)

21
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Pacific

Northwest  Ege|grass Biomass Model
Aboveground biomass Photosynthesis Respiration
(mol C/m?) l l
Ca
Ca,t+1 = Ca,t + At P(Iz:T: S)Ca,t (1 - Tt) - Ra(T)Ca,t o Maca,t]
Cat
Cper1 = Cpe + AL P(I,,T,S)Cq, (1 - T) —Rp(T)Cpe — My Cb,t]
Belowground biomass T T T
(mol C/m?) _ _ .
Translocation and Density Mortality
exudation of carbon dependence

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




\i;/ Eelgrass Growth Model for Puget Sound
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Water

Puget Sound
Hydrodynamic
Model

Physiological Response
Density dependence
Photosynthesis
Respiration
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MAP: 5A
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Kilometers

USA

. heatile

Current Extent

] Eelgrass present within site as determined from one or more datasets

Modeled Extent

Strong decline (<1.95 molC/m2/yr)
Moderate decline (1.95 - 2.00 molC/m2/yr)

Moderate growth (2.00 - 2.10 molC/m2/yr)
- Strong growth (>2.10 molC/m2/yr)

Current and Potential Eelgrass Extent
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e Bilomass model results

* Presence or absence of eelgrass
 Bathymetry / potential area

e Landscape conditions

e Stressors
= Overwater structures | DAy N\ Ceglad

- Shoreline armori ng Eelgrass Reséc:;a;t;%r:i:;tential (ERP) MAP: 5B

B s o s ~
__E 6 I 10 M 14 e norevest

Seatt!
USA o FEaHE - 3 7 1 I:l 0 Frawaiy {ipcrted by HaBlE Since 1567

4 8 - 12 Contact: Amy Borde or Kate Buenau,
Marine Sciences Lab (360) 681-4565
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= \Water clarity
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— Planted 77 test plots to date
<2 Test Transplants .,

Pacific
Northwest Test Plot
MNATIONAL LABORATORY o A Donor S|te
* 5x 5 m plot W
e Checkerboard planting
e Each 0.25 m? has 20
shoots
e 500 shoots per plot
. 2
®) )
! 3 "_'} f_.}} }1 p
\ = et
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Pacific

Northwest  Harvesting

e Tanks at MSL
* Primarily if salvaged from an area nearby

e 16 donor sites
= | ocated near restoration sites

e Conducted donor harvest study to
determine effects

*= Preliminary results indicate recovery is rapid
and little to no effect is discernable

30
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Twist Tie

25 shoots

Tied with twine
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Pacific

Northwest ~ Test Plots

* Planted 78 test plots to date

Staple Method Rebar Method
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Pacific

Northwest  Evaluation of Test Plots




4 | Assessment
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e 49 Absent

Planted 77 test plots to date
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Mid-North Joemma PNNL 2015
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11 Large-scale Plantings

e 3 unsuccessful

e 8 successful

40
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Northwest  Sclence IS Iterative
e Learn from our results

* Apply lessons to next efforts

41
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Stressors )
Controlling Factors
Invasive specie
Nutrient-dﬁven harmfu:\ L.
algal blooms Competition
Suspended sediment

Light

Sea level rise

pd

Overwater structure

Aquaculture
Bioturbation
Storms

Construction //

Boat grounding/anchoring

Substrata

Shoreline armorin

Dredging/fillin

Propeller wash/ boat wak

Anthropogenic contaminants Temperature

Disease
Organic matter discharge Salinity
/sulfides
Sea temperature rise Herbivory
Freshwater input
Overfishin Nutrients

Eelgrass

Structure/Health
Shoot density

Patch or meadow area
Shoot abundance
Aboveground biomass
Belowground biomass
Growth rate
Flowering

Genetic diversity

uoljeydepe |e207

Thom et al. 2011
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Macroalgal
deposition
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Stressors )
Controlling Factors
Invasive specie
Nutrient-dﬁven harmfu:\ L.
algal blooms Competition
Suspended sediment

Light

Sea level rise

pd

Overwater structure

Aquaculture
Bioturbation
Storms

Construction //

Boat grounding/anchoring

Substrata

Shoreline armorin

Dredging/fillin

Propeller wash/ boat wak

Anthropogenic contaminants Temperature

Disease
Organic matter discharge Salinity
/sulfides
Sea temperature rise Herbivory
Freshwater input
Overfishin Nutrients

Eelgrass

Structure/Health
Shoot density

Patch or meadow area
Shoot abundance
Aboveground biomass
Belowground biomass
Growth rate
Flowering

Genetic diversity

uoljeydepe |e207

Thom et al. 2011
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Impacts to
Donor Sites
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« ~— What's Next?

Pacific ¢ Continued restoration in Puget Sound

Northwest = 2 large scale sites this year based on test plot results

e Continue climate related research including new mesocosm
tanks

= Temperature response of different populations from
Puget Sound

= Evaluation of eelgrass wasting disease
= Metabelomics

Drivers Abiotic Biotic Habitat Response Eelgrass Response
River outflow Salinity Net primary
7Y productivity
Disease
Climate Temperature : :
Benthic organisms Survival
Light
/ Microalgae Sediment OM/
Exposure/ Suspended hydrogen sulfide
energy sediment
i Macroalgae

Land use Nutrients
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THANK YOU!

. John Vavrinec
Senior Scientist / Dive Officer

Pacific Northwest COASTAL ECOSYSTEMS
NATIONAL LABORATORY
Phone: (360) 681-3665

john.vavrinec@pnnl.gov

1529 W. Sequim Bay Rd.
Sequim, WA 98382

www.pnnl.gov

U.S. DEPARTMENT OF

ENERGY BATTELLE

PNNL is operated by Battelle for the U.S. Department of Energy
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Take our survey and join our email distribution list
m]. il-"' ]

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

Glass: A Common
Material Solving

Hacking Biology

An Uncommon Soils Are to Produce
Problem — How Alivel Energy and
Do We Immobilize Aditi Sengupta Fuels

Nuclear Waste?
Jaime George
Tuesday, May 26
7:00 pm

Tuesday, June 9
7:00 pm

Joseph Laureanti
Tuesday, June 16
7:00 pm
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Monitoring Results

Joemma | Joemma Harstine | Harstine

North South | Anderson |CBay-West| CBay-East | South North
Planted year 2015 2015 2017 2018 2019 2018 2019
# Planted 12,000 10,200 10,525 10,825 16,400 90,688 13,320
Year 1 2,286 4,326 6,950 14,892 13,252 35,065
Year 2 37,078 80,680 4,770 10,170 66,057
Year 3 5,769| 62,649 20,682
Year 4 7,340, 246,003
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Northwest  Monitoring Results (% of planted)
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Joemma Joemma Harstine Harstine
North South Anderson CBay-West CBay-East South 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%




xg/ Depth Distribution
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Regional differences?
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Northwest  [DONOr IMpact experiment
 Randomized block design

* 5 blocks per site

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

Hellcal Anchor
1 m?Test Plot

Transect

Randomlzed Treatments
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» We chose sites with higher densities
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* \We harvested small patches
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* Donor sites can probably recover quickly at moderate harvest rates
e Should conservatively harvest no more than 15 or 20% In dense areas

e Use best practices:
* Remove small patches
* Do not harvest the edges
= Avoid low density areas




Pacific

Northwest — Clinton Ferry Dock

R

¥=1392-1457 r=083%

;

2
L

=

25 50 75 10 135
Year 5 Density (no./sg.m)

Mean Years 8-10 Density (no./sg.m)
=

=
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Take our survey and join our email distribution list
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https://www.surveymonkey.com/r/PNNL051920
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