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Biology of Kelp and Eelgrass

Kelp and Eelgrass
in Puget Sound

Prepared in support of the Puget Sound Nearshore Partnership

Thomas F. Mumford, Jr
Washington Department of Natural Resources
Aquatic Resources Division

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



Kelp and Eelgrass Function

Slow eresion and wave energy (Fonseca and Cahalan 1992)

Increase recruitment of larval invertebrates (Reusch and Chapman
1995)

Eelgrass remove nutrients directly (Thursby and Harlin 1982) and

Increase nitrogen processes (Luening et al. 1980, Flindt et al. 1999)

Eelgrass adds oxygen to sediment (Kraemer and Alberte 1995,
Goodman et al. 1995)

Kelp remove nitrate and ammonia (Ahn et al. 1998)

Eelgrass is a direct food source for black brant (Wilson and Atkinson
1995) and supplement the diet of other waterfowl (Baldwin and
Loworn 1994)

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

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

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

Pacific Herring spawn predominantly within eelgrass meadows
(Barnhart and Moran 1988, Rooper and Haldorsen 2000).



Kelp and Eelgrass Regulation

« Kelp and eelgrass protected under federal, state and
local laws

 Kelp and eelgrass designated as critical habitat under
the Critical Areas Ordinance (currently GMA but shifting
to SMA)

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



DNR Kelp and Eelgrass Inventory
and Monitoring Projects
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Washington State ShoreZone
Inventory

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



and Eelgrass Distribution

Eelgrass Distribution
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Submerged Aguatic Vegetation
Monitoring

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



Eelgrass Area Sound-wide

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

Total Z. marina area in Greater
Puget Sound is approximately
21,000 hectares (52,000 acres) — S, A v
Thayer and Phillips (1977) e a2 Whidbey
estimated 50,586 hectares e i X0 (I
(125,000 acres)

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

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




Eelgrass Depth Sound-wide

Szl Minimum Depth (m) Maximum Depth (m)
Absolute  Range in Site Means Absolute Range in Site Mea
Central Puget Sound +1.6 +1.1to-3.0 -11.9 -0.5t0-6.9
Hood Canal +1.8 +1.1to-1.7 -7.3 -14t0-4.4
North Puget Sound +1.4 +0.6 t0-3.3 -8.4 -0.7 t0-6.6
San Juan-Straits +1.5 +0.4to-54 -12.4 -0.4 10 -11.0
Saratoga-Whidbey Basin +1.3 +0.5 to-1.7 -8.0 -0.3t0-4.5

09 to -34m

-35to 44m

45 to -59m

6.0 to -T4m

-7.5 to -9.0m

20 40 Miles

= 60 Kilometers
[ e o




Eelgrass Monitoring Project Key
Findings

Puget Sound — No evidence of decline at a level that Is
measurable by our year-to-year analysis

Regions — Data suggest Hood Canal and San Juan / Strait
of Juan de Fuca are regions of greatest concern

Sites — Strong evidence of decline identified at 18 sites
~ throughout Puget Sound

Causal factors -
— Eelgrass Stressor Response Project
e Investigate stressors at different spatial scales




Stressor Research
- A series of collaborative projects
— 4 with the University of

The Eelgrass Stressor Response Project GeoogealSuney o

compieted to investigata intial
hypolhesas conceming the
caus=s of eelgrass decine.

Geplogical Survey have besn

What is Eslgrass?

Eelgrass [Zostera mading) I 3 marne piant that pravides ey ecOSYSiEm functians In
nearshare areas. Eelgrass |5 used a5 spawning grounds by farage fish, migration This infarmation sheet provides an
cormdors by juvenile salmon, and faraging areas by birds. It profects shoraling overview of the Eelgrass Siressor
teatumes through sediment siablization, |t produces plant matedal for the marne food | Response Project We are

web, and It 1§ an important component In marine nutrient and cxygen busgets. rivestigating causes of S2igrass losses
in greater Pugst Sound. This work wil
guide managament actians o pratact
and restare one of Puget Sound's
craical nabitats by kenteying the most
mponant sireesors

Feszarch has facused an bwo
areas of congam that were
Ig=nified by DNA's Submerged
Viegetation Monliorng Program:
Hood Canal and the San Juar
Arcnlpelago. Environmental
condiions and eeigrass 1055
patsms differ greaty In thase
bwia reglons, which nias led to
spacializad reszarch
hygathesas and experments.

Summary

Eslgrase k& 3 good Indicalor of environmental healih becauss It responds to natural
and human-caused environmental conditions. Lasses ave been documentzd in
many estuarkes in e US and around the world. Comman causes of eeigrass decline
Inciude

Mape of Areas of Concern

I-"-____--' = Zan Juan Archip=iago (wkh
nitial focus on Westool Say)

Changes In waser quallty and water clanty

Physical disturbance maoing or propefler sears, dredging
develapmant, aquacuture and fishing practices)

High levels of sulfides In sediments

Episodes of exiramely low oxygen condiions

The project was estabisned In 2005 by
the Washingion State Deparment of
Matural Resowrces. Cur regaanch s
CuTently focusad on fad areas of
concem: Hood Canal and the San
Juan Archipelago. Faterns of Ioss and
suspeche:l siressore In Miese areas are
very difierent

+ In the San Juan Archip2iago, losses
have besn restriciad fo small bays.
Suspected SIrSE5ars INSIUdE oW
water clarlty (and assoclatzd
processes), and disease cutbrzak.

Logses have ocourrad at gltze
troughout Hood Canal Suspacizd
stress0rs Inclde anthropoganic
nutrients and green algae booms.

Fhoios of esigrass In a healhy condor feft) and sparse esigrass cvergromn by green algae (5ghtl.

How is Eelgrass Doing in Puget Sound?
Eelgrass beds occur slorg approsimalely 43% of greater Pugel Sound's snorglings. Long term menforng by OMT's
Submarged Vegatalion Monforing Project has Kerifiad two reglons of concern for recent 2eigrass fosses: Hood Canal and
Sar Juan Archipelage. E2igrass decines In thesa reglons inmcata deeraasad nearshare habitat funcians. Sgualy mporant,
ihe siressors that hawe trigpered 2elgrass c2clines could impact oiher ecosystzm compananis.

What is the Eelgrass Stressor Response Project?

Tns Egigrass SUeEss0r R2sponss Praject was estabishad In 2005 to kentty causss of Seigrass decing in greater Pugst
Sound. It Is closely connecied ta DNR's long term eeigrazs monitoring program. Soth projects are part of the Puget Sound
Assassment and Monltoring Pregram (FSAM®), a muR-agency monioring effort that is coordinated by the Pugst Sound
Parinarship.

Dur slreseor research |s angang. The back skle of MIE page summarizes our research findings ta date. The ouerall finding &=
ihat there Is no single, =aslly Ioeniifed stregzar causing eses; eslgrass lnss2E are one manifesiation of change In complex,

nterconnecied ecosystems. Conlinulng work will 3im (o understand this sysiem-laval change and how It affacts esigrass
For mara Infermation:
Aexdihe ful report St one wa powitfoocsaqnhshreaipass sesshin!

& Matural Resources Confact the DNR Nearshore Hanital Frogram 360,002 1100, nearstaragionr ua gov n-“
L S—— January 2008

http://www.dnr.wa.gov/ResearchScience/Topics/AquaticHabitats/Pages/agr_nrsh_eel
grass_stressor_response.aspx

San Juan Archipelago

Hood Canal

Hypothesized|
Stressors

* Hood Canal

Highlights of
Research Findings

Eelgrass loss2E have besn confned to shallow
embayments. The maos? extenslve losses have
besn cbeervad In Wesicol Bay, where eslgrass
complelely mEappaanes Tom e Inner bay.

Qur canceplual mosel of $NSE50rE TICUBES on low
water clarity. This could be caused by
phyzoplankton biooms, turtidiy plumes (tidal or
wind-ariven resuspension, perodc Fraser River
PIUMEE), OF oysier famm detrius.

Genetic Isoiation of papulatians at the heads of
bays could raduce population viablity.

An outbraak of eslgrass wasting disease ks
analher potential siressor.

The remnant esigrass population In nner
Westcott Gay at Bell Point has the lowest genetic
giwerslty of all populations analyzed.

Surface water samping suggests at the Fraser
RIver plume doss not Nave 3 sirang Infugnce In
the Wesizott Bay anea.

Respiration and photasyrihesis rales suggest that
physiologlcal performance of eelgrass |s reduced
at tne Elte with remnant e2igrass In Wesicott Say.

Hign resclulion mapping was completed o
characterize nabltat conditions In Wiastool Bay.
Thes= data wil Be usad In future eMors to mossl
sediment transport and hatiat condsions.

Leosses ocourred In multiple habizat types,
throughout Hood Canal.

Cur conceptual model of Siressers 1oCUseEs on
aninropogenis nulrient inputs and gresn algas
blooms. Hood Canal s widely recognized to
experignce periodic low mssolved ceygen kevels.
This condition ks commanty asseciated with nign
nusrient loads. Multiple research efforts ars
examining dissolved caygen levels, tausal factors,
and effects on blota.

Stable I50%0pe analyss of EIQrass leaves showsd
a refatlvely large contribution of anthrapogenic
nitragen In Sauthern Hood Canal and Catab Bay.
This inding cerfirms that anthropogenic nitogen
gragients afact eaigrass bed condltion and, likely,
ofher NEarsnars SCOBYEIEM SomMpanents.

Hood Canal eslgrass populations have higher
gENTYRIC Menness than Infhe 3an Juan
Arcnlpelago. The lowsst geretic dvershy was
mieazsurad at @ stable seigrass slte (Lynch Covel
This inding suggests Ihat genefic divarsy doss
net play a role In e=igrass decine In Hood Canal




Floating Kelp Monitoring

Friends of the San Juans (2007)

2004 San Juan Kelp Flightlines and 2006 Proposed Flightlines
DNR Nearshore Habitat Program

2004 Kelp Flightlines and Area Names ..
DMR Mearshore Habitat Program

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



So, what about geoduck
aguaculture siting considerations?



Human Impacts

- physical disturbance -

7-30-96 =500 R-3

— Agquaculture (Rumrill & Poulton
2004, Ruesink 2007)

— shoreline developmen

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

— sediment accumulation

(Ibarra-Obando & Escofet 1987)

— boats & docks (Burdick &

Short 1999




Other Stressors

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

* |ow oxygen (Holmer & Bondgaard 2001, Koch
2001, Greve et al. 2003, Kemp et al. 2004)

e grazing & bioturbation
— waterfowl (Buchsbaum & Valiela 1987)
— sand dollars (Backman 1984)
— limpets (Zimmerman et al. 1996)

e disease
— Labyrinthula (Short et al. 1986)

o competition with algae

— Ulva (Kentula & Mclntire 1986)
[formerly Entermorpha (Gabrielson et al. 2006)]




Recommended Guidelines for Geoduck
Aguaculture Siting and Operation*

Site Selection

— Conduct vegetation survey and avoid areas with significant vegetation

Bed Preparation / Planting

— Plant an area no closer than 10 feet from an eelgrass bed (4 shoots or more per square
meter)

— Adhere to BMP’s (equipment staging, accessing site, etc.)

Bed Maintenance

— Maintain activity log and maintenance plan
— Adhere to BMP’s (equipment staging, accessing site, etc.)

Harvesting

— < 50 feet from eelgrass - dry harvest only
— > 50 feet from eelgrass - dry or wet harvest (divers)

Adaptive Management

— Use best available science to inform BMP’s
— Address research gaps

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



Research Gaps

e Kelp
— Substrate requirements for sporophytic phase
— Degree of loss and relationship to WQ
— Relationship to other primary producers
— Role of fisheries

o Eelgrass

— Substrate requirements and sensitivity to increased
sedimentation rates

— Role of degraded WQ and sensitivity to direct or
Indirect changes in amount of light

— Relationship to other primary producers
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