
Kelp (Order Laminariales) are a foundationspecies
in the PugetSound(Kain, 1989) providing many essential
ecosystemservices including buffering of wave energy,
decreasingbeacherosion,and serving as habitat, nursery,
andforaginggroundfor a greatnumberof species(Springer
et al., 2007). In the Sound,only the two canopy-forming,
floating kelp have beenextensivelyresearched,leaving a
substantiallack of data on the 23 subtidal speciesfound
there(Mumford,2007; Bartschetal., 2008).

Therearemorethan9,000 overwaterstructuressuch
as docks and piers in the PugetSound(Rehr, 2014) that
potentially impact kelp viability, principally through
reductions in photosynthetically active radiation (PAR)
caused by shading (Mumford, 2007). The Washington
Department of Fish and Wildlife (WDFW) routinely
encounters costly permit appeals for not adequately
consideringsubtidal kelp when issuing Hydraulic Project
Approval (HPA) permitsfor suchstructures(SoundAction,
2014).

This researchhas developeda rapid subtidal kelp
monitoringprotocolfor theWashingtonStateDepartmentof
NaturalResources(WDNR) that will help expediteWDFW
HPA permitting decisions, potentially reducing permit
appeals. To determine how overwater structures affect
productivity anddistributionof subtidalkelp, pairsof dock
and control sites were sampled once during the early
summer, and once during the late summer of 2017.
Statisticalanalysisrevealedsignificantly lesskelp coverage
and biomassat docksthan their pairedcontrols,as well as
significant differences in several related environmental
conditions.
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PRELIMINARY RESULTS 
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FISH ACTIVITY MONITORING�+�6�P�L�W�K�V�R�Q�L�D�Q�¶�VSquidpop Protocol (MarineGEO,
2016) wasmodified to be deployedfrom a boat
for this research:
- 15 mm circlesof squidwereattachedto 0.6

metergardenstakes
- A cork float kept the stakeserect in the

water while their baseswere tethered,at
0.6 m intervals,to a15 m heavychain

- GoProTM cameraswere deployedalong the
chainsto countfish andidentify species.�+A Squidpopchainwasdeployedateverysite.�+Bait losswasrecordedasall-or-nothingat:

- Onehourafterdeployment
- Twenty-four hours after deployment,when

theSquidpopchainswereretrieved.

�+Bowman Bay, Deception Pass State Park, Washington (BB).�+Cornet Bay, Deception Pass State Park, Washington (CB).�+Camano Island State Park Boat Launch, Washington (CI).�+Existing overwater structures in each area served as impact sites 
with control sites established nearby (within 200 meters) at 
equivalent depths ranging from 1.5 meters to 3.4 meters, MLLW.�+Two meter survey transects were created out to eight meters from 
each dock and were replicated in the controls.

The floating research platform for video survey

Deployed Squidpops and benthic PAR sensor

Significant differencesin subtidal kelp coverageacrossall
sitesand for both study visits suggestthat docksare impacting
subtidalkelp distribution in a negativeway; as distancesfrom
docksincrease,sodoesquantityof kelp.

Kelp coverageand biomasswere significantly lower within
the25 foot buffer establishedunderWAC 220-660for minimum
new constructiondock distancefrom existingkelp bedsthan in
pairedcontrolsatall sites.

Biomasssamplingandmorphometricmeasurementsrevealed
significantlysmallerandfewerkelp specimensat eachdockthan
its pairedcontrol, suggestingthat docksnegativelyimpact kelp
productivity in addition to kelp distribution. Nearly all kelp
speciesidentified by video surveyand biomasssamplingwere
sugar kelp (Saccharinalatissima), with only a few bull kelp
(Nereocystisluetkeana) bladesandstipespresent.

Substrateanalysissuggestsparticlesizeandorganiccontent
has little effect on kelp presenceas differencesbetweendocks
and controls varied by site or were insignificant. The varied
resultsof substrateparticle size analysisin this study revealed
that, in someinstances,kelp weremoreabundantat controlsites
with finer grainedsubstratethanat docksiteswherethesubstrate
is likely moresuitablefor kelp recruitment. This furthersuggests
that the shadingeffectsof dockshavea negativeeffect on kelp
that outweighs this known preferencefor coarser substrate.
Furthermore,many large specimensof sugar kelp were also
found anchorednearthe watersurfaceto the unshadedportions
of floatingdocks,butnot in themoreshadedsubstratesbelow.

The researchplatform developedfor this project efficiently
surveyedpotential dock footprints and the 25 foot buffer in
approximately 45 minutes. The lasso biomass sampler was
effectivewhenthe transectswerewalkedor theboatwasdouble
anchored. Two meter transectswere sufficiently precise for
survey,accommodatingdrift, tidal current,andGPSaccuracy.

�+Thelassobiomasssamplershouldbeconstructedout of amorerigid
materiallike lightweight,metalconduitfor biomasssamplingby
boatat depthsgreaterthantwo meters.�+Greenlaserswereeffective for scalingimagerybut would be improved
by usingahigherwattage.�+Using a singlecamerafor live feedandrecordingwould improveminor
discrepanciesin live field of view versusrecordedvideo.�+StandardSquidpopprotocolwouldhavebeenineffectivein this
environmentwithout supplementaryvideorecording.�+A furtherexperimentalprojectmight beconductedwheretemporary
floating docksconstructedwith varieddeckingtypes,e.g. glass
block, metal grating, etc., would be anchoredaboveexisting kelp
bedsto determinewhich deckingmaterialwouldhavetheleast
impactto light penetrationandassociatedkelpproductivity.

OBJECTIVES

VIDEO-GEOREFERENCEDKELP SURVEY�+A floating researchplatform, with three meter
depth adjustable survey array, was created
featuring:
- GPSandlive feedcameramonitor
- Aqua-VUTM camerafor live feed
- GoProTM camerafor recordingbenthos
- Onespotandoneflood light for illumination
- Two lasersprojecting parallel green beams

atonemeterapartfor scalingimagery.�+The transectswere followed on the GPSwhile it
simultaneouslyrecordedpositionsof thevideo.�+The GoProTM camerarecordedthe seafloorand
projectedlasersfor horizontalspatialreference.�+The depth of the survey array was manually
adjusted.

MEASURING LIGHT ATTENUATION�+Eight OdysseyTM submersiblePAR sensorswere
deployed in an array 2.5 m and 7.5 m from
eachdock at depthsranging from abovewater
surfaceto ½ m aboveseafloor.�+ThreePAR sensorswere deployedin eachof the
control sites at depths ranging from one cm
belowsurfaceto ½ m aboveseafloor.�+Incoming solar radiation measurementswere
recorded every two minutes for a full tidal
cycleandweresummed to tenminuteintervals.�+Tide levelswereretrievedfrom the University of
South �&�D�U�R�O�L�Q�D�¶�VBiological SciencesTide and
CurrentLog website(Pentcheff,2017).

BIOMASS SAMPLING�+To enablesubtidal kelp biomasssampling from
the boat, a �³�O�D�V�V�R�V�D�P�S�O�H�U�´was createdwith
threadedPVC segments,weights, stoppers,a
swivel,andcoatedwire calibratedto ¼ m2.�+The samplerwasloweredto the seafloorwith the
lassoopen,encirclingbenthicspecies.�+After pulling all slack from the wire, the sample
was lifted from the benthos. If no samplewas
presentasecondattemptwasmade.�+Thirty sampleswere collected from each site.
Only kelpspecieswereretained.�+Sampleswerebagged,labeled,placedon ice, and
transferred to �&�:�8�¶�VAquatic Systems and
HydrologyLab for wet-weightmeasurements.�+Morphometric measurementsrecorded species,
stipe count,and bladelengthsand widths from
five randomsamplesateachsite.�+Five sampleswere retainedfrom eachsite to be
dried for determining a dry-weight to wet-
weightcarboncontentratio.

SUBSTRATESAMPLING�+A ¼ m3 Petersengrabwasdroppedfrom the boat
to collectsubstratesamples.�+Nine sampleswerecollectedat eachcontrol site:
3 ateachendand3 in thecenterof thetransects.�+15-18 sampleswerecollectedat eachdock site in
anarray2.5 metersand5 metersfrom thedock.�+Substrate samples were bagged, labeled, and
transportedon ice to �&�:�8�¶�Vlab for analysis.
- Substrate particle size analysis was

conducted using standard sieves and a
Ro-TapTM sieveshaker.

- Cobblestoo large for particle size analysis
weremeasuredby meanmedialaxis.

- Organiccontentof sedimentwasdetermined
by organiclosson ignition by heatingsub-
samplesto 550�ƒC.

VIDEO-GEOREFERENCEDKELP SURVEYANALYSIS�+Usingapythonscript,imageswereextractedfrom videoat
onesecondintervalsandmatchedwith GPSpositionsby
timestamp. Theseimageswere viewed to encode1 m
kelppresence/absencegrid cellsalongeachtransect.�+Dock transectswerefurtheranalyzedby core(0-4 m from
dock)andperimeter(6-8 m from dock).�+Kelp cover rangedfrom 1.32 % at BowmanBay dock to
97.48% atCornetBaycontrol.

PAR sensor for one 
centimeter from surface

PAR sensor for one 
meter from surface

Petersen grab used for substrate sampling

Saltwater perch feeding on Squidpop

�/�D�V�V�R���E�L�R�P�D�V�V���V�D�P�S�O�H�U�¶�V���L�Q�W�H�U�Q�D�O���F�R�Q�V�W�U�X�F�W�L�R�Q

LIGHT ATTENUATION ANALYSIS�+BathymetrydatawasrecordedMarch 15th and16th, 2018,
for correlationwith PAR sensorreadingsandtide levels.�+Light extinctioncoefficientsarebeingcalculated.

�+Only dock data from the early summervisit to Bowman
Baywasanalyzedasno kelpwaspresentin thecontrol.�+The dockstrappedlarge amountsof detritusas kelp was
going into senescenceduring the late summervisit to
CamanoIsland: makingcoveragemappinginaccurate.�+With the exceptionof the late summervisit to Camano
Island, kelp cover was significantly less at docks than
pairedcontrolsatall sites(Mann-WhitneyU, p < 0.05).

1. To measurethedensity,distribution,andproductivityof
kelpbedsat impactsiteswith overwaterstructures
andpairedcontrolsites.

2. To measurepotentialenvironmentalcontrolsfor subtidal
kelpdistributionsateachsiteincludinglight availability,
depth,andsubstrate.

3. To determinedifferencesin fish activity betweenthe
impactandcontrolsites.

Construction of research platform
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BIOMASS SAMPLING ANALYSIS�+Thirty biomass samples were collected along three
transectsat eachcontrol site and five transectsat each
docksite. Wet-weightmeanswerecalculatedby transect.�+Largespecimensof kelpwereanchoredto thefloating
docksatCornetBayandCamanoIsland.�+There was significantly less kelp biomassat docks than
pairedcontrolsatall sites(Mann-WhitneyU, p < 0.05).�+Core biomass weights were only significantly distinct from
�S�H�U�L�P�H�W�H�U���D�Q�G���F�R�Q�W�U�R�O���D�W���&�R�U�Q�H�W���%�D�\�¶�V���O�D�W�H���V�X�P�P�H�U���Y�L�V�L�W����
(Kruskal-Wallis and mean ranks comparison, p < 0.05)

SUBSTRATESAMPLING ANALYSIS�+Particle size was significantly larger at Cornet Bay dock
but smaller at CamanoIsland and Bowman Bay dock
thantherespectivecontrols(Mann-WhitneyU, p < 0.05).�+Cornet Bay and Camano Island dock cores had
significantly larger substrate particle size than the
respectivedockperimeters(Mann-WhitneyU, p < 0.05).�+Sediment analysis only revealed significantly lower
organic content in the control than at the dock at
BowmanBay (Mann-WhitneyU, p < 0.05).

The Resultssection of this poster features
mapsof Cornet Bay as an illustrative example.
Eachsite wassetup, studied,andanalyzedusing
equipment deployments at respective docks
similar to the map below. Equipmentwas also
similarly deployedin a central location at each
pairedcontrol.
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FISH ACTIVITY MONITORING ANALYSIS�+Significantly more fish were present at two minute
intervalsat thedocks(medians: 0-12) thanat thecontrols
(medians: 0-5) at all sites, with the exception of the
early summer visit to Cornet Bay (Mann-Whitney U,
p < 0.05).
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