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Biology of Kelp and EelgrassBiology of Kelp and Eelgrass

http://http://www.pugetsoundnearshore.org/technical_papers/kelp.pdfwww.pugetsoundnearshore.org/technical_papers/kelp.pdf



Kelp and Eelgrass FunctionKelp and Eelgrass Function
•• Slow erosion and wave energy (Fonseca and Slow erosion and wave energy (Fonseca and CahalanCahalan 1992)1992)
•• Increase recruitment of larval invertebrates (Increase recruitment of larval invertebrates (ReuschReusch and Chapman and Chapman 

1995)1995)
•• Eelgrass remove nutrients directly (Eelgrass remove nutrients directly (ThursbyThursby and and HarlinHarlin 1982) and 1982) and 

increase nitrogen processes (increase nitrogen processes (Luening et al. 1980, et al. 1980, FlindtFlindt et al. 1999)et al. 1999)
•• Eelgrass adds oxygen to sediment (Kraemer and Eelgrass adds oxygen to sediment (Kraemer and AlberteAlberte 1995, 1995, 

Goodman et al. 1995)Goodman et al. 1995)
•• Kelp remove nitrate and ammonia (Kelp remove nitrate and ammonia (AhnAhn et al. 1998)et al. 1998)
•• Eelgrass is a direct food source for black Eelgrass is a direct food source for black brantbrant (Wilson and Atkinson (Wilson and Atkinson 

1995) and supplement the diet of other waterfowl (Baldwin and 1995) and supplement the diet of other waterfowl (Baldwin and 
LowornLoworn 1994)1994)

•• Kelp is direct food source for abalone and sea urchins (Shaffer Kelp is direct food source for abalone and sea urchins (Shaffer 
2000)2000)

•• Eelgrass provides habitat and refuge for juvenile fish (Dean et Eelgrass provides habitat and refuge for juvenile fish (Dean et al. al. 
2000, 2000, PastenPasten et al. 2003, Guido et al. 2004) and invertebrates et al. 2003, Guido et al. 2004) and invertebrates 
(Armstrong et al. 1988, McMillan et al. 1995), with pinto abalon(Armstrong et al. 1988, McMillan et al. 1995), with pinto abalone e 
inhabiting kelp beds (Shaffer 2000, Sloan 2004).  inhabiting kelp beds (Shaffer 2000, Sloan 2004).  

•• Eelgrass is particularly important to juvenile Eelgrass is particularly important to juvenile salmonidssalmonids (Webb 1991, (Webb 1991, 
Shaffer 2004).  Shaffer 2004).  

•• Pacific Herring spawn predominantly within eelgrass meadows Pacific Herring spawn predominantly within eelgrass meadows 
(Barnhart and Moran 1988, (Barnhart and Moran 1988, RooperRooper and and HaldorsenHaldorsen 2000).  2000).  



Kelp and Eelgrass RegulationKelp and Eelgrass Regulation
•• Kelp and eelgrass protected under federal, state and Kelp and eelgrass protected under federal, state and 

local lawslocal laws
•• Kelp and eelgrass designated as critical habitat under Kelp and eelgrass designated as critical habitat under 

the Critical Areas Ordinance (currently GMA but shifting the Critical Areas Ordinance (currently GMA but shifting 
to SMA)to SMA)

•• Commercial harvest of kelp and eelgrass prohibited Commercial harvest of kelp and eelgrass prohibited 
everywhere in WA with one exception, herring spawneverywhere in WA with one exception, herring spawn-- 
onon--kelp fishery with approval of WDFW and DNR, and kelp fishery with approval of WDFW and DNR, and 
personal use harvest is limited to 10 pounds per person personal use harvest is limited to 10 pounds per person 
per day with valid WDFW license (RCW 79.135.410)per day with valid WDFW license (RCW 79.135.410)



DNR Kelp and Eelgrass InventoryDNR Kelp and Eelgrass Inventory
and Monitoring Projectsand Monitoring Projects



Washington State ShoreZone 
Inventory

http://www.dnr.wa.gov/ResearchScience/Topics/AquaticHabitats/Pages/ 
aqr_nrsh_inventory_projects.aspx (GIS Data available for download)



Kelp and Eelgrass DistributionKelp and Eelgrass Distribution



Submerged Aquatic Vegetation 
Monitoring

http://www.dnr.wa.gov/ResearchScience/Topics/AquaticHabitats/Pages/aqr_nrsh_ 
eelgrass_monitoring.aspx (GIS Data available upon request)



Eelgrass Area SoundEelgrass Area Sound--widewide

•• Total Total Z. marinaZ. marina area in Greater area in Greater 
Puget Sound is approximately Puget Sound is approximately 
21,000 hectares (52,000 acres) 21,000 hectares (52,000 acres) –– 
Thayer and Phillips (1977) Thayer and Phillips (1977) 
estimated 50,586 hectares estimated 50,586 hectares 
(125,000 acres)  (125,000 acres)  

•• Greatest amount in Padilla & Greatest amount in Padilla & 
Samish Bays (approx. 25%)Samish Bays (approx. 25%)

•• The The Z. marinaZ. marina in Greater Puget in Greater Puget 
Sound is evenly distributed Sound is evenly distributed 
between Flats and Fringe sitesbetween Flats and Fringe sites

•• Sampled 270 sites since 2000, Sampled 270 sites since 2000, 
230 (85%) have eelgrass230 (85%) have eelgrass



Eelgrass Depth SoundEelgrass Depth Sound--widewide
 

Minimum Depth (m) Maximum Depth (m) 
Region 

Absolute Range in S ite Means Absolute Range in Site Mean

Central Puget Sound +1.6 +1.1 to -3.0 -11.9 -0.5 to -6.9  

Hood Canal  +1.8 +1.1 to -1.7 -7.3 -1.4 to -4.4 

North Puget Sound +1.4 +0.6 to -3.3 -8.4 -0.7 to -6.6 

San Juan-Straits  +1.5 +0.4 to -5.4 -12.4 -0.4 to -11.0 

Saratoga-Whidbey Basin +1.3 +0.5 to -1.7 -8.0 -0.3 to -4.5 
 



Eelgrass Monitoring Project Key Eelgrass Monitoring Project Key 
FindingsFindings

Puget SoundPuget Sound –– No evidence of decline at a level that is No evidence of decline at a level that is 
measurable by our yearmeasurable by our year--toto--year analysisyear analysis

RegionsRegions –– Data suggest Hood Canal and San Juan / Strait Data suggest Hood Canal and San Juan / Strait 
of Juan de Fuca are regions of greatest concernof Juan de Fuca are regions of greatest concern

SitesSites –– Strong evidence of decline identified at 18 sites Strong evidence of decline identified at 18 sites 
throughout Puget Soundthroughout Puget Sound

Causal factorsCausal factors --
–– Eelgrass Stressor Response ProjectEelgrass Stressor Response Project

•• Investigate stressors at different spatial scalesInvestigate stressors at different spatial scales



http://www.dnr.wa.gov/ResearchScience/Topics/AquaticHabitats/Paghttp://www.dnr.wa.gov/ResearchScience/Topics/AquaticHabitats/Pages/aqr_nrsh_eeles/aqr_nrsh_eel 
grass_stressor_response.aspxgrass_stressor_response.aspx



Floating Kelp Monitoring

http://www.dnr.wa.gov/ResearchScience/Topics/AquaticHabitats/Pages/aqr_nrsh_kelp_ 
monitoring.aspx (GIS Data available for download)

Friends of the San Juans (2007)



So, what about geoduck So, what about geoduck 
aquaculture siting considerations? aquaculture siting considerations? 



Human Impacts 
- physical disturbance -

(WA DNR 1996)

– shoreline development 
(Short & Burdick 1996, Nielsen 
et al. 2000)

– sediment accumulation 
(Ibarra-Obando & Escofet 1987)

– boats & docks (Burdick & 
Short 1999)

–– Aquaculture (Aquaculture (RumrillRumrill & & PoultonPoulton 
2004, 2004, RuesinkRuesink 2007)2007)

(Short 1997)



Other StressorsOther Stressors

•• loss of water clarity loss of water clarity (Short et al. 1991, (Short et al. 1991, 
Zimmerman 2006)Zimmerman 2006)

•• low oxygen low oxygen ((HolmerHolmer & & BondgaardBondgaard 2001, Koch 2001, Koch 
2001, 2001, GreveGreve et al. 2003, Kemp et al. 2004)et al. 2003, Kemp et al. 2004)

•• grazing & grazing & bioturbationbioturbation
–– waterfowl waterfowl ((BuchsbaumBuchsbaum & & ValielaValiela 1987)1987)
–– sand dollars sand dollars ((BackmanBackman 1984)1984)
–– limpets limpets (Zimmerman et al. 1996)(Zimmerman et al. 1996)

•• diseasedisease
–– LabyrinthulaLabyrinthula (Short et al. 1986)(Short et al. 1986)

•• competition with algaecompetition with algae
–– UlvaUlva ((KentulaKentula & McIntire 1986)& McIntire 1986)
[formerly [formerly EntermorphaEntermorpha ((GabrielsonGabrielson et al. 2006)]et al. 2006)]



Recommended Guidelines for Geoduck Recommended Guidelines for Geoduck 
Aquaculture Siting and Operation*Aquaculture Siting and Operation*

•• Site SelectionSite Selection
–– Conduct vegetation survey and avoid areas with significant vegetConduct vegetation survey and avoid areas with significant vegetationation

•• Bed Preparation / PlantingBed Preparation / Planting
–– Plant an area no closer than 10 feet from an eelgrass bed (4 shoPlant an area no closer than 10 feet from an eelgrass bed (4 shoots or more per square ots or more per square 

meter) meter) 
–– Adhere to Adhere to BMPBMP’’ss (equipment staging, accessing site, etc.)(equipment staging, accessing site, etc.)

•• Bed MaintenanceBed Maintenance
–– Maintain activity log and maintenance planMaintain activity log and maintenance plan
–– Adhere to Adhere to BMPBMP’’ss (equipment staging, accessing site, etc.)(equipment staging, accessing site, etc.)

•• HarvestingHarvesting
–– < 50 feet from eelgrass < 50 feet from eelgrass -- dry harvest onlydry harvest only
–– > 50 feet from eelgrass > 50 feet from eelgrass -- dry or wet harvest (divers) dry or wet harvest (divers) 

•• Adaptive ManagementAdaptive Management
–– Use best available science to inform Use best available science to inform BMPBMP’’ss
–– Address research gapsAddress research gaps

*These guidelines are based on best professional judgment by the DNR Aquatic Resources Scientific 
Support and Operations Sections



Research GapsResearch Gaps
•• KelpKelp

–– Substrate requirements for Substrate requirements for sporophyticsporophytic phasephase
–– Degree of loss and relationship to WQDegree of loss and relationship to WQ
–– Relationship to other primary producersRelationship to other primary producers
–– Role of fisheries Role of fisheries 

•• EelgrassEelgrass
–– Substrate requirements and sensitivity to increased Substrate requirements and sensitivity to increased 

sedimentation ratessedimentation rates
–– Role of degraded WQ and sensitivity to direct or Role of degraded WQ and sensitivity to direct or 

indirect changes in amount of lightindirect changes in amount of light
–– Relationship to other primary producersRelationship to other primary producers
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