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INTRODUCTION


The Elwha River is located on the Olympic Peninsula in northwest Washington State. The Elwha 
River has a north-south orientation and is 45 miles long with over 100 miles of tributary streams.It 
has a drainage area of 321 squaremiles,of which267 square miles are within Olympic National Park. 
Two hydroelectricprojectshave been constructed on the Elwha River; Elwha Dam in 1913, about 
5 miles upstream from the river mouth,and Glines Canyon Dam in 1926, about 7 miles upstream from 
the lower dam. 

TheElwhaRiver Ecosystem and AnadromousFisheriesRestorationAct (P.L. lO2-495)authorizes 
the Secretary of the Interior to acquire and remove the two Elwha River hydroelectric projects, 
providing removal is necessaryto achieve the goalsof the Act andCongressappropriatesthe required 
funding. TheDepartment of the Interior (Interior)documentedand submitted its finding to Congress 
that removal of the dams was necessaryto achieve the Act's goal of full ecosystem restoration 

@epartmentof Interior 1994). The National Park Service, aslead agency, along with the U.S. Fish 
andWildlife Service,Bureau of Reclamation and Bureau of Indian Affairs, as cooperating agencies, 
are currently preparingthe requireddocumentationfor compliancewith the National Environmental 
Policy Act (NEPA). 

Dam removal and restoration of the watershedis a major federalaction that could cause significant 
impacts to the environment (Departmentof Interior 1994). Of particularconcern is the project's 
potentialeffecton the Elwha River estuarylocated in the Strait of Juan de Fuca. An estimated12 
to 15 million cubicyardsof sediment (clay,silt, gravel, cobble, and boulder) have accumulated in the 
reservoirs since the construction of the dams (Departmentof Interior 1994). The dam removal and 
sedimentmanagementalternativesbeing developed would resultin different sediment quantitiesbeing 
released to the marine environment over a varying time periods. Other impactswould result by 
retumingthe Elwha River sedimentsupply of about 280,000 cubic yards per year to the coastal zone 
(Federal Energy Regulatory Commission 1993). Previous work failed to adequately consider the 
impactsofthese higher sedim,ent loads on the marine environment. The FERC andInterior reports 
both recommended further study to assesstheseimpactsand to recommendpotentialmeasuresto 
mitigate the impacts (FederalEnergy Regulatory Commission 1993;Department of Interior 1994). 

The seaweed or macroalgaecommunity was identified during the scoping of this study as a 
particularlyimportantresource because of its ecological functions. Existing biological information 
for the nearshoremarine environment was found'to be extremelylimited or unsuitedfor use in 
describing the biological community near the Elwha River mouth because of the lack of site 
specificity.Ofthe informationreviewed,the kelp distributionmapsprepared by the Washington State 
DepartmentofNatural Resourceswere the most useful for our purposes.Essentially all other sources 
of informationthat were reviewedconsisted of regional data, a small numberof data entries from field 
notebooks,or generalobservationstaken over a periodofyears. 

Druehl (1970) reported that Washington State has one of the most diverse and abundant kelp 



community of any area worldwide. Previous surveysof these resourcesshow that bull kelp 
(Nereocystisluetkeana) andgiant kelp (Macrocystisintegrifolia) arethe dominant surface 

"unopykelpsof Washington's Strait of Juan de Fuca andopencoast. The Strait of Juande Fuca contains 
79% ( 3,Q61hectares)of these kelp beds @ept. of Natural Resources 1993). Other kelp surveys 
provideinformationfor the Puget Soundregion. Whenexamininghabitatchangesover time, Levings 
and Thom (1994) found that kelp bedsincreasedin Puget Sound by 53% between l9l2 and 197g. 
However, lack of information prevented them from estimatingtrends for the hundreds of other 
macroalgaespeciespresentin the Sound. 

The purposeofthis study was to characteizethe existingmarine resources which dam removal could 
affectandto assessthe impact of an increased sedimentload on the estuary. It shouldbe noted that 
the 1994marineresourcescharacteizationofthe studyareawas not intended or designedto establish 
a quantitative baseline against which post dam removal data would be compared. The 
chuacteization,however,would be used in the developmentof a plan of study for monitoring pre-
andpost-damremoval changes in substrateand its associatedbiological community. It is anticipated 
that permanentmonitoring stationswould be establishedin 1996,pendingapprovaland funding of 
dam removal by Congress. 

STUDY AREA 

The Elwha Riveris foundon the Olympic Peninsula State,andentersthe Straitofof Washington 
Juan De Fuca at Freshwater Bay,about l0 miles eastof the City of Port Angeles.TheLower Elwha 
SKlallamTribal lands are at the mouth of the river. Theselandsencompassabout340acres and are 
in theriver'shistoricfloodplain.The river's mouthis near the eastern boundaryof Freshwater Bay.
Thebay is crescentshapeanddefinedby two prominentpoints,ObservatoryPointto thewestand 
AngelesPointto theeast. The coastalshorelineis steepwith coarse sediments, like cobble,nearthe 
mouthofthe river. Generally, decreasesthis steepness with increasing distanceto theeast and west 
of the river'smouth. 

Thestudyareaincludesthe intertidal and shallow subtidalzoneadjacentto, and including theElwha 
Riverdelta. This zone extends from about+g to -50 feetMLLW beginningapproximately2 miles 
westofthe ElwhaRivermouthandextendingeasterlyfor a distanceof about 5-milesto Dry Creek 
(Figurel). Theboundariesof the study area wereselectedfor three reasons. Firstly, the tiansport 
of coarsesediment(sandandgravel)fromthe Elwha Riverwould occur mainlyalong the shoieat 
water depthslessthan-20 feetMLLW once it entersthe marine environment lgg4).(Sch-wartz
Secondly,higherturbidityfrom an increased quantityof fine sediment (clayandsilt) could affect 
plantsto -50feetMLLW, the expected depthof abundantmacroalgaegro*th. Theextent of most 

growthis about 100 feet and diminishes macroalgae quicklywith depth(Scagel 1972).Finally,the 
gastern becauseboundaryof thestudyareawasselected of the presenceof actively r.u Llufft

"rodingimmediatelyeastof Angeles Point. This areaof erosion contributesturbidiiyand a significant 
to theadjacent environment.quantrtyof sediment nearshore The conditions of this areaarenot likelv 



to change significantly following dam removal. 

METHODS 

The intertid al andsubtidal observations were collected during June1994throughthe first week of 
September1994. The intertidalzone(about+8 feetto -2 feet MLLW) was surveyedby walking the 
beach during daylight hours at low tide, and collecting information on macroalgae, 
macroinvertebrates,fish within tide pools,and substrate.This surveywas consideredadequate for 
characteinngthe mid to upper intertidal zone because of few marine algae and macroinvertebrates. 
Characterization of the low intertidal zone was included within our surveyefforts of the shallow 
subtidalzone. The lower intertidal and shallow subtidal zones (0 to 50 feet MLLW) were sampled 
by conducting SCIIBA surveysduringdayhght hours. As with the intertidal observations,the survey 
characterizedthe nearshore community ofmacroalgaeandmacroinvertebratesnearthe river's mouth. 
The study includedsampling along seventy-eight 600-foot-long transects. 

The study efforts were concentrated east of the river, nearerto shore,and closerto the river's mouth 
because of our expectationswith sediment transport. Forty-nine transects were placedeast of the 
river compared to 29 transectsto the west. More transects were placed in shallow water (56 
transects) than in deeperwater (22 transects). The shallow transects covered from 0 to -30 feet 
MLLW with an average station depth of about -14 feet MLLW. The deeper transects ranged from 
-19 to -49 feet MLLW with an averagedepth of -31 feet MLLW. 

The transects were not setrandomlyby design. Two startingpointswere arbitrarilyselected in the 
field. One startingpoint was west of the river's mouth; the other was east. The transects were 
orientedpeqpendicularto the shoreline,and were spacedabout 300 and 900 feet apart dependingon 
whether the transects were shallow or deep, respectively. Some of the transects towards the 
perimeterof the study area were spaced further apart. Map 1 illustrates the location of each transect. 

Eachtransectwas marked with 11 sampling stations at 60 foot intervalsincluding the two endpoints. 
A square yard quadrat was used at eachstationto record depth, substrate type (10 classes),total 
percent plant cover (4 classes),presenceor absenceof 22 speciesof marine algae,the number and 
species of 19 types of macroinvertebrates, and the geographiccoordinatesof the station. A 
preprinted form facilitated data collection by listing the marine algae,macroinvertebratesand 
substrateobservedduring the reconnaissancedives (Appendix A). Space was provided on the form 
to record species that were not listed. Substratewas classified according to the WashingtonState 
Department of Natural Resources' classification system,asmodified from Dethier (1990). Percent 
cover was a subjective determinationof four classes(Qto 24Yo, 25 to 49Yo,50 to 74oA,and 75 to 
100%). For macroalgae,the datarecorderidentified dominant species. A dominant specieswas the 
specieswith the greatestaerial coverage. The datarecorderoften noted more than one dominant 
specieswhen multiple canopy layers occurred within the quadrat. Besidesthe data collected within 
the quadral the surveyteam also recordedits generalobservationsoutsidethe quadrat. Throughout 



this document,we usethe terms quadratand station synonymously. 

The speciesandsubstratemapswere developed by converting the transectdata to a grid with a cell 
size of 10,000 feet2 as the map base. A grid is like latticework in that a map is dividedinto many 
discreteuniform units (i.e., the square holes in the lattice)called cells. A cell represents a specific 
geographiclocationwith each cell representing 10,000feet2 of the study site. Each cell on the grid 
was expanded into adjacent empty cells usingnearestneighboranalysis. A cell was expandedby three 
cellswhere a species was presentor dominant and by five cells for substrate.When two cells were 
competingto expand into the same cell, the conflict was resolved basedon the value of the majority 
ofthe surroundingcells. The depth or bathymetry map was created by interpolating the bathymetry 
valuescollectedat each station. Interpolation was first completedby creating a triangulated irregular 
network (Tf$ of the site. A TIN is a set of adjacent,non-overlappingtrianglesthat connect each 
station. Depth contours were createdfrom the TIN using bivariate quintic interpolationwith five 

ofthe TINtriangles. Environmentalsubdivisions SystemsResearch Institute (199lb) providesa full 
discussionof creating and expandinggrids and Environmental SystemsResearchInstitute (1991a) 
describesthe use of TIN andbivariatequinticinterpolation. 

RESULTSAND DISCUSSION 

This section hasdescriptionsofthe intertidaland subtidal zones,the study's findings, anda discussion 
ofthesurveylimitations. Descriptions of the intertidal and subtidalzonesareintendedto providea 
qualitativeoverview of the resources that dam removalcouldaffect. The findings sectionpresents 

view of the data and discusses aquantitative pertinentliteratureabout the resources foundduring the 
are discussed study.Thestudy constraints in the surveylimitationssection.Thedata collection effort 

commonlyidentified15 species of brown algae,22speciesof red algae,two species of greenalgae, 
50 type3of macroinvertebrates,oneseagrass, and six types of fish. In total, twelvephylawere 

present about150speciesonsiterepresenting (Table1). The most significantresourceidentifiedwas 
themacrophytecommunity. This community was found over most of the area surveyed during the 
intertidaland subtidal survevs. 

DESCRIPTION OF INTERTIDAL ZONE 

Theintertidalbeacheseastandwest of the Elwha River mouth aremarkedlydifiterent. The survey 
identifiedfourareasalong the shorewith differing geomorphology.Theseareas supported different 
plantandanimalcommunities.Figure2 shows these four areasthat we labeledas directly east, 
furthereast,directlywest, and further west of the river. 

Directlyeastof theriver,the beach consistsof largecobblesand boulders with a small amount of 
gravelandsand.Theslope of the beach is steep,which allows waves to more frequently reach the 
upperbeach.Thisstretchof the beach is alsomoreexposedto the ocean swell. As a consequence, 



the marine plant and animal community utilizing the middle to upper intertidal zone is extremely 
sparse.The communityin this zone is limited to species adaptedto the abrasiveaction of the grurr.l 
and small cobbles moved by the breaking waves. Within the high intertidalzone,only amphipods 
were cornmonlyfound, primarily in the wrack. The primaryintertidalmarinelife observedin the 
middle intertidal zone included limpets, the acorn and thatched barnacles,blue mussels, and I 

Iperiwinkles. Thewatereddepressionsunderneathbouldersprovidedhabitatfor clingfish and gunnels. 
IThreespeciesof algae (Porphyra sp., UIva sp., and Acrosiphonia coalita) were found in this zone. : 

The distributionofthese specieswaspatchyandwas typically found in the more protected areaslike ,
cracksand spaces betweenlargerrocks. 

Within the low intertidal zone, the number of species and abundance of marine life increased 
markedly. The substratewas primarilycobblesandboulders,but contained more sandand gravel 
than occurred in the middleand upper beach. Most of the species observedin the middle to high 
intertidalzonewere also found in the lower zonebut in greaterabundance.Other macroinvertebrates 
observed included Dungeness,red rock and hermit crabs, sculpins, whelks, and native littleneck and 
horseclams. The surveyidentifiedmorethan 35 speciesof marine plants, including suchgreen algae 
as Ulva sp., Enteromorpha spp., and Acrosiphonia coalita, such red algaeas lridaea cordita, 
Gigartina exaqterata, andMastocarpusspp., and such brown algae as Alaria marginata, Cymathere 
tr ip Iic at a, P t e rygophora c a liforni c a, and Laminari a s ac c har ina. 

I 
ofvertical seabluffsborder the beach. The presenceof landslidesand sites (Furthereast,a sequence 

of active erosionsuggeststhe bluffs are a significant sourceof sediments to the marine environment. 
J 

Consequently,the substratein this area is less coarseandconsistsof a mixture of silt, sand,gravel 
and cobble. Thewater offshore was consistentlymore turbid than the area closerto the river mouth. 
By the eroding bluffs,the marine plantand animal communitieswithin the intertidal zone were sparse 
and less abundant than the communities found immediately to the west. Speciesobservedincluded 
periwinkles, limpets, barnacles,and algae (Porphyra sp. and Utva sp.). Substratein the lower 
intertidal zone consistedprimarily of cobble, silt and sand, and supporteda plant community 
consisting mainly of Porphyra sp., Mastocarpus sp., Alaria marginata, and UIva sp. 
Macroinvertebratesobservedincludedthe acornbarnacle,blue mussel,limpets,andperiwinkles. 

Directly west of the river, the substrate and marine community is very similar to that which was 
observeddirectly eastof the river. Further west, the substrate is almostentirelysandwith a small 
amountof gravel. The beach slope is moderately steep. The survey found no attachedplantsand 
very few macroinvertebrates.Amphipodswere abundantin the wrack. A few shrimp, Cragon sp., 
were found in the wave wash. These observationsar6typical of exposedsandbeaches.Few marine 
speciescan reside in this environment throughoutthe tidal cycle. The scopeof the surveydid not 
includeeffortsto determinewhich speciesmovein and out of this zonewith the tides. 

DESCRIPTION OF' SUBTIDAL ZONE 

Substrateand the plantandanimal communities observedin the nearshore subtidal zone was similar 



to the adjacentintertidalzone. Again,thesurveyidentifiedseveralareasthatweredifferent.Refer 
to Figure2 for the location of theseareaslabeledasdirectly east, furthereast,directlywest,west, 
andfurtherwestof the river. 

Directlyeastof theriver,thesubstratebetweenthe-20 foot contourandthe intertidal zoneincluded 
andgravelwith lesseramountsofbouldersandsand.Between-20 and-50 feetin depth,thecobbles 

substratewas either gravel, sand,or mixed fines.Brown algae, collectively calledkelp,dominatethe 
marineplantcommunityin this area.ThemoreabundantspeciesobservedincludeAliria marginata,
Cymatheretriplicata,Pterygophoracalifornica, and,NereocystisluetkeanawithDesmarstiiviridis 
and Costaria costatabeing less abundant.Of the red algae, Iridaea cordata,Mastocarpzsspp.,and 

gaudichaudiiwerethemostfrequentlyobservedspecies.With a fe*Sarcodiotheca 
populations ""."ptlons,ofmacroinvertebrates huge*ur,o,werelow. Thesurveyteamfrequentlyencountered 
ofmysids,skimp likecrustaceans.Manysmallsnailswerefoundattachedto thebladesoflany kelp
species'Severalspeciesof chitonsand limpets werealso found on larger rocksat shallowaepttr,bui 
only in smallnumbers.Bivalves(littleneck,horse,geoduckclams,cockles,andpink androck 
scallop)werepresentin only low numbers,exceptin a few smallisolatedareaswlierehorseand 
geoduckclamswere locally abundant.Seastars, including thesunflower,sun,blood,andbatstar 
werepresentin low densities.Kelp,red rock, Dungeness,graceful,andhermitcrabswerealso found 
in low numbers. Fishobservedincludedjuvenilesalmon,herring,sand lance, kelpgreenling,several 
speciesof flatfish andsculpin,tube-snouts,clingfish, gunnels, dogfishshark, ra-tfi;h, andieaperch. 

Furthereast,the substrateconsistedprimarilyof finer sized sediment (sand,gravelandsilt) due to 
thesedimentcontributionfrom nearbyerodingseabluffs. An increasein turbiditywasalsoevident. 
Additionally,therewasan increase in the diversityandabundancein Ulva spp. anda decrease of 
brownandredalgae. Macroinvertebrate continuedto be low, but includeddiversityandabundance 

likeghostshrimpandDungenessmorespecies, crab,that are adaptedto the finer grained sediments. 

Directly west of the river, the substrateandmarinecommunityis very similarto that whichwas 
directlyeastof the river shorewardobserved ofthe -20foot contour. Thesubstrateis sand at greater

depths.Thisis differentfrom the coarsergravelandsandmix foundat similardepthsdirectlyeast
of the rivermouth. Themarine plant communitywasclearlylessabundantandconsistedof fewer
species.Uva sp.,andSarcodiothecagaudichaudilwere the primaryplantspeciesobservedin this
area'Thefeatherdustertubeworm,blood star, snail,andseveralunidlntifiedspeciesof flatfish were
alsofoundin thiszone. 

Westoftheriver,thesubstrateis almostentirelysand:Vegetationin this area was sparse,exceptthe
occulrenceof diatoms,which formed a brown scumoverlargeareas Ulva sp.and Zostera marina. 
werefoundat somelocations. Nearlyall hard surfaces,irictuaingshells, rock outcropsandtube 
1j,1i_1u:i"gs,

supportedboth brown and red algae, primarily Cyiathere triplicata,pterygophora
catryornica,andBotryoglossum/arlowianum.Macroinvertebratesobservedin this area iniluded 
Dungeness,decoratorand hermit crabs,cragonshrimp,bivalves,includingthebasketcockleandhorseandgeoduckclams,the feather dusteitubeworm, severalspeciesof snails,anda yellow
sponge'Thefishmostfrequentlyencounteredwereflatfish,dogfishshark,andsculpins. 



Furtherwestof the river, the substrate becomesmore diverse. Areasofjust sand, gravel,hardpan, 
boulders, and mixed coarsesubstrateswere common. Plant and animal communitiesobserved in 
association with the sand, graveland mixed coarsesubstrateswere similarto those found nearthe 
riverin areas of like substrate.The hardpan and boulder substrateswere very rare eastof the river 
mouth. Thesesubstratessupporteddense communities of brown algae, including Pterygophora 
californica, Nereocystisluetkeana, Laminaria saccharina, and Costaria costata. Red algae,such 
as lridaea cordata, Mastocarpus spp., and Botryoglossum farlowianum, were alsovery common on 
these substrates. Sea urchins, sea cucumbers and anemones were more abundant here than any other 
area surveyed during this study. They were usually found on the large boulders scatteredthroughout 
this area. Large populations of mysids were often present, especially in associationwith 
Pterygophora californica. Tube-snoutswere the most abundantfish observed, followed by kelp 
greenling. 

FINDINGS OF SURVEY 

The frequency of fish andmacroinvertebratesobservedduring the study was low. Of the 57 species 
that were present,only five species were found at more than 10 percentof the 820 quadrats. Table 
2 summarizes the frequency of the fish and macroinvertebrates. The lack of fish and motile 
macroinvertebrateswas largely a resultof quadratsampling which does not efiiciently survey motile 
species. Most of the commercially or recreationallyimportant macroinvertebrates like sea urchins, 
sea cucumbers, scallops, clams, crabs, and shrimp were found infrequently. Of these species, the red 
rock crab was found at 9 percentof the stations,yet the next most frequent species,the horse clam, 
was found in only 3.4 percentof the quadrats.Generally, the bed size of the species, not density,was 
well below that which is considered commercially harvestable (Table 3). Densitiesof geoduck 
averaged0.275 geoducks per ft2(show-corrected)which is well over commercial minimum density 
of 0.037 geoducksper ft2 but they were presentin only 2I of 820 quadrats(Bradbury 1995a). 
Likewise, red sea urchins and giant sea cucumbers were found infrequently during the survey(2 and 
10 quadrats respectively) at densities which averaged 0.111 individuals per ft2. Typically, the 
commercial densities of the red seaurchin and giant sea cucumber are 0.03 urchins per ft2 and 0.005 
cucumbersper ft2 (Bradbury 1995a). Clamswere also very infrequentlyencounteredduring the 
survey. Littleneck, butter,horse clams were found at 0.1, 0.5, and3.4 percentof the stations. Rough 
piddock and heart cockle distributions were also very limited beingpresentat2 and 10 of the 820 
quadrats,respectively. 

Others have examined the macroinvertebratedistiibution and abundancenear the Elwha River. 
Goodwin (1994) determinedthat geoducksexist in the Juan de Fuca Strait, but not in the high 
concentration found in Puget Sound or Hood Canal. Near Angeles Point, he identified threesmall 
geoduckbedsbut did not determine the bed densities. Two of these beds are east of AngelesPoint 
andlocatedoffshore ofthe erodingbluffs. Bradbury (1995b) reported that red sea urchins are found 
in commercial quantitiesat an average depth of -55 feet MLLW directly offAngeles Point. Harvest 
of seaurchins offshore ofAngelesPointtotaled about1,100,000 pounds which represents45 percent 
ofthe statewide harvest during the 1992193season(Bradbury1995b).High densities of sea urchins 



werenotfoundduringour survey. This couldbedue to thelimitsof our study that did not exceed 
-31 feetMLLW for the deeper transects divers-49 feetMLLW andaveraged or that commercial 

thesea urchins beforeour survey.Seaurchin harvest occursfrom Novemberto Februarv. harvested 
occurwidely in PugetSound,Seacucumbers HoodCanal,and the Straitof Juan de Fuca. Bradbury

in Straitof Juan de Fuca accountsQ99aQfound the harvest for about 30 percent (449,375pounds) 
sea cucumber ofthe statewide harvest.TheareabetweenWhiskeyCreekand Angeles point u..ount, 

for about12percentof the Straits'sea cucumberharvestand 3 percentof the statewideharvest. 
Bradburydidnot report this data with enoughspecificityfor usto compare his sea cucumber results 
withourfindings. Commercial betweenMay andJulysoit is not likelydivers harvest seacucumbers 
that harvest occurred beforeour data collection efilort. Clams in the intertidal zonearealsoan 
importantresource.TheStateof WashingtonprimarilysurveysnativelittleneckandManilaclams 
(Cook 1995). Because thesesurveyscovera limitedarea,the State has little information on the 
widespreaddistributionof these resources.No quantitativeinformationis availablefor our studv 
area. 

The abundance weremostevidentduringthestudy. The surveyrecordedanddiversityof macroalgae 
totalvegetativecoverin quartiles.Themostfrequentcoveragewasin the highest quartile,75 to 100 
percentplantcoverageof the quadrat(Table4). About60 percent of thequadratshadmacroalgae 
coverage 50percent(Mapl). The highest densityof vegetation is eastof the river indthat exceeded 
withinthe-20foot MLLW contour.Thirty-onespecieswere recorded as dominant, speciescovering
the greatestarea within a quadrat(Table5). Of these, Alaria marginata,Cymatheretriplicati,
Pterygophoracalifornica, and lridaea cordatawereconsistentlydominant.ExceptPterygophora
califurnica, all these species were more abundanteastof the river (Maps 2-5). Pterygiphora
califurnicawas more evenly distributedeast and westof the river. A total of 40 rp.-i.r *ut 

in thequadrats(Table6). Thistableillustratesrecorded thegreatdiversityof seaweed thatwasfound 
duringthe survey.Almosthalfof thesespecies(19)were found at more than 10 percentof the 
stations.Generally,the dominant algaewerepresentmost frequently. 

Nereocystisluetkeanaor bull kelp is oneof two surfacecanopykelpsfoundin Washington.It is 
considered statebecausea priorityhabitatfor Washington of its highresourcevalueanJpotential 

importancecommercial @uckley1995).Bullkelpwas present in 1.5 percent of the quadratssampled 
lor thi.ssurvey.Thedistributionmap (Map 6) estimates to be about 87 acres.Thisthe areal coverage
data is inconsistent Inventoryconductedby the with the WashingtonCoastalKelp Resources 
Washington ofNaturalResourcesDepartment between1989and1992. Thisinventoryestimatedthe 

arealcoverageaverage of bull kelp to be about 780acres.Our surveytechniquedid not surveybull 
kelpaccuratelydueto the quadratsizeand the difiicultyin settingtransectsin dense bull kelp beds. 
fhen. samplinglarge canopy forming macroalgaelike NereocystisluetkeanaandMaciocystis
rntegrifolra, et. al. (1991)recommended 

,
Simenstad large quadrat sizesof between4 m2 andlOtj m2. 

Thisrecommendedsizeisfourto 100 times larger than lhe quadrantusedon this survey. The smaller
quadratsizepreventedaccuraterepresentationofi/e reocystisluetkeanadensityand extent. Map 7 

theresultsof theWashington Inventory.Thismapshowsthe areal illustrates CoastalKelpResources 
extentofthebullkelpfor l992,themostrecentyearof the survey.For ihisyear,the areal extent for 
all the bedsin thestatewasabout 5,625 acresof which 426 acreswas in thestudvarea. Given this 



j

additional data, Nereocystis luetkeanacan be considered one of the more importantdominant 
macroalgaefound during the study. 

Zosteramarina(eelgrass) foundduringtheandPhyllospadixscouleriweretheonly two seagrasses 
study. Like kelp, seagrasses Stateand are believedto bearealso a priorityhabitat for Washington 
declining(LevingsandThom 1994). Eelgrass duringthe survey. It waswasfound in low abundance 
the dominantvegetativecoverin eightquadrats(1 percent)and was presentat 5.6 percentof the 
stations(46 quadrats). Map 8 illustrates whichis more abundantthe distribution of eelgrass, west 
of the river, though stillrelativelysparse. 

Thesurvey also collectedinformationonbathymetryand substrate. Map 9 illustratesthe bathymetry 
of the study area. This map shows that the beach close to theriver's mouth is steepand becomes 

distance types in themoregradualwith increasing fromthemouth. We recorded eightsubstrate 
studysite(Table7). Ofthesetypes,mixedcoarse,sand,gravel,or mixed fine substrateswere found 
most frequently andcollectivelyrepresent Map 10 showsthe93percentof the total observations. 

types. The distributions correspondsdistributionof substrate of the dominantmacroalgae to the 
distributionof the sediment type. This is evident when comparing speciesrichnessfor the different 
substrate richness,types. Species thenumberof different speciesfound in anarea,is consideredone 
measureof ecological diversity. Figure 3 shows the species for differentrichnessof macroalgae 
substratetypes. Generally, speciesrichnessfor macroalgae with an increase in substrateincreased 
coarseness.Figure3 shows that at least four specieswerefoundin 50 percentof the quadrats 
classifiedas sand substratecomparedto nine speciesassociatedwith graveland mixed coarse 

Thefiguredoesnot include cobble,boulder,andhardpansubstrates ofthe few substrates. because 
quadratsfound with these substrates (29 for cobble,12 for boulder, and 5 for hardpan). 

Existingstudiesofthe kelp community indicateit providesimportantrecruitmentand nursery habitats 
forjuvenilemarinefish. Levings and Thom (1994)reportedthatPacificherringusemacroalgaefor 

and that density of young-of-the-yearspawning copperrockfishwas higher in Nereocystisbedsthan 
in other habitats. They alsofoundthatjuvenilesof pink,coho,and sockeye salmonwereassociated 
with kelps bedsat Discovery Passage, a migrationrouteout of the Straitof Georgia for young 

et. al. (1991)identifiedseveralmacroalgae importantto sympatricsalmon.Simenstad assemblages 
speciesof invertebrates crab), fish (buffalosculpin,pile perch,white(redrock crab, Dungeness 
spottedgreenling,kelp perch, stripedseaperch,baypipefish,crescentgunnel,pinpointgunnel,chum 
salmon,shinerperch,tube-snout),and wildlife (Americanwidgeon, black brant, gadwell). Emmett 
et. al. (1991)identifiedmarine algae as important to the early life stages of Pacificherringandthree-
spinesticklebackandjuvenileandadult lingcod. After survdyingthe shoreline in the Strait of Juan 
de Fuca, the San Juan Islands, and Puget Sound,Doty and Norris (1992)concludedthatkelpbeds 
are a seasonally copper,quillback,andblackrockfish.importanthabitatfor young-of-the-year 
Buckley (1995) anecdotally theuse of kelpby sandTance,lingcoddocumented and true cod nearthe 
Elwha River during some of these statesurveys.Macroalgae,specificallyNereocystisluetkeana, 
Macrocystis sp., and Fucus distichus,is alsovery important whenit breaks loose from its holdfast 
and forms large drifting mats. These drift mats are especiallyimportant for splitnoserockfish 
recruitmentandgrowthfrom Juneto November(Buckleyet. al. 1995). 

{;
il 

{ r  
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duringoursurveyin closeassociationSwarmsof mysidswerefrequentlyobserved with the kelpbeds, 
Pterygophoracalifornica. Little information is availablethat describes the significanceoarticularly 

have anecdotally documentedof trtp bedsin the mysidslife cycle, yet someinvestigators the 
(1995) have observedgray whalesassociation.Garner(1990), Duffirs (1995), Calambokidis 

commonly for marinefish,Buckley(1995)andDotyfeedingonmysidsin kelp beds. While surveying 
(1995)observedswarmsof mysids in kelp bedsyet they observedfew mysidsoutside the beds. 

suggestan association ih.t. observations betweenkelpbedsandmysids. 

SURVEY LIMITATIONS 

Thesurveywasdesigned onwhichto characterize the area potentiallyaffectedto collectinformation 
Thesurveywas not designed to establishabydamremoval and theresultantreleaseof sedimentsl, 

quantitativebaselinefrom which to compare post damremovaldata. For our objectives,it was 
our sampling effortsimportantthatthe survey cover as mucharea as possibleandto concentrate 

the surveydesignhadsomelimitations.effort in areas of greaterrisk. Becauseof this emphasis, 
techniques,Someof theselimitationsconcernthe survey technique. Staticsampling like quadrats, 

donotefficientlysurveymotile species. Also,no informationwas collected on seasonal or diel use 

of the site. Abundance excepttotalpercent vegetative cover,wasnot measuredbecauseor biomass, 
of theneedto cover alargearea. Themappingeffortwas limited to the GPS accuracyof 72 to 40 

of the survey data. We recognizedmeters.Otherlimitations,pertain to the consistency therewas 

observer in the survey. Gving divers underwater visualbiasfrom the sixteendiversthatparticipated 
keys and pairing divers experienced identificationwith thoselessexperiencedin macroalgae helped 

of somediversin identifying marine algae andreducethis bias. Becauseof the limitedexpertise 
thetaxonomicclassificationsmacroinvertebrates, usedfor this studymaynot be asrigorous as other 

studies. 

CONCLUSION 

The studylimitationsprecludea rigorousanalysisof the data, particularlyconcerningmacroalgae 
associationsor determiningwith reliability the effectof depth or sediment type on the macroalgae 

the originalgoalsof the project. These communitysupported.However,the survey accomplished 
goalsincludedthe characterization andmacroinvertebrateof the macroalgae communitywithin the 
studyareaandmapping the locationof theseresources.Theresults of this study will be used to 
assessimpactsduringtheNEPA processandto formulate a monitoring planthatwill establish a 
quantitative to measurebaseline post dam removal effects. Thissurveysuggeststhat the macroalgae 
community, monitoringplan.particularlythekelps,shouldbe emphasizedinthe 

l 0  
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Table1. 

Elwha River Intertidal and SubtidalSurvey 
SpeciesOccurrenceList 

ScientificName Common Name 
i:i:::::::::i:::::::::::::: 

ir:U*1;;t. 
i:::i:::::::::ii 

Phyllospadixscouleri Surf Grass 

Zosteramarina Eelgrass 
:::i 

Class Bacillariophyceae Diatoms 
(Schizonema/Berkeleva 

Acrosiphoniacoalita(Spongomorpha SpongeShape 
coalita) 

Cladophorasp. 

Enteromorphaso. 

Phyllospadixsp. Surf Grass 

Ulva spp. SeaLettuce 

Agarumfimbriatum 

Alariamarginata WingKelp 

Costariacostata 

Cymatheretriplicata 

Desmarestialigulata Thick Desmarestia 

Desmarestiaviridis Thin Desmarestia 

Egregiamenziesii FeatherBoa Kelp 

Fucuseardneri Rock Weed 
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Scientific Name Common Name 

Hedophyllumsessile 

L aminariagroenlandi ca 

Laminaria saccharina OarWeed 

Laminariasetchellii 

Macrocystis integrifolia Giant Kelp 

Nereocystis luetkeana Bull Kelp 

Pleurophycusgardneri 

Pterygophoracalifornica 

Scytosiphon lomentaria LeatherTube 

$#€fiffi4{i+u$+ut 
Bangiafuscopurpurea DarkHair 

Bonnemaisonianootkana 

B otryoglossum farlowianum 

Callithamnionpikeanum 

Callophyllisedentata 

Callophyllisflabellulata 

Callophyllissp. 

Coralline Articulated 

CorallineCrustose 

Cryptopleurasp. 

Delesseriasp. 

Erthrophyllumdelesserioides 

Ggartina cristata 

Gigartinaexasperata TurkiskTowel 

Gigartinapapillata 



Scientific Name Common Name 

Halo saccion glandiforme SeaSack 

Halymeniasp, 

Hymenenaflabelligera 

Iridaeacordata IridescentAleae 

Iridaeasplendens 

Mastocarpuspapillatus 

Mastocarpussp. 

Microcladiaborealis 

Odonthalliakamehatalensis 

Odonthaliawashingtoniensis 

Plocamiumsp. 

Porphyranereocystis 

Porphyra perforata 

Porphyrasp. 

Prionitislanceolata 

Prionitissp. 

Ptilotafilicina 

Ptilotasp. 

Rhodoglossumsp. 

Rhodoptilumsp. 

Rhodymenia pertusa 

Sarcodiothecafurcata 

Sarcodiothecagaudichaudii 

Smithoranaiadum 



Scientific Name CommonName 

Thelepuscrisous SpashettiWorm 

Balanusamohitrite 

Balanuselandula Acorn Barnacle 

Balanusnubilis GiantBarnacle 

Semibalanuscariosus Thatched Barnacle 

Cancer masister DungenessCrab 

Cancerproductus Red Rock Crab 

Hemisraosusnudus PurpleShore Crab 

Oregoniasracilis DecoratorCrab 

Pagurusso. HermitCrab 

Pugettiaproducta KelpCrab 

Callianassacaliforniensis Ghost Shrimp 

Crangon so. Crangon 

Idoteasp. Rockweedor EelgrassIsopod 

Order Mvsidacea Mvsids 
i. 

i!: 

PhylumBryozoa Bryozoans 

Cnidoousritteri 

Ptilosarcusgurneyi Sea Pen 

Urticina(Tealia)crassicornis Red and Green Anemone 

ClassHvdrozoa Hvdroids 



Scientific Name 

Class Scvphoza 

Haliclvstussteineserr 

Agonus acipenserinus 

Ammondytes hexapterus 

Aulorhvnchusflavidus 

Clupeaharenquspallasi 

Familv Cottidae 

Familv Pholididae 

Familv Pleuronectidae 

Familv Salmonidae 

Gobiesoxmaeandricus 

Hexagrammossp. 

Hydrolasus colliei 

Raia binoculata 

Sebastessp. 

Squalus acanthias 

Amphipholis squamata 

Cucumariaminiata 

Dermasteriasimbricata 

Eupentactaquinquesemita 

Henricia leviuscula 

Leotasteriashexactis 

Common Name 

Scyphozoan 

Stalked Jellvfish 

SturgeonPoacher 

PacificSandLance 

Tube-Snout 

Pacific Herrinq 

Sculpin 

Gunnel 

Flounder 

Salmon, Trouts, and Chars 

Northern Clinsfish 

Greenline 

SpottedRatfish 

Bie Skate 

Rockfish 

SpinyDoefish 

Brittle Star 

Orange Cucumber 

White Sea Cucumber 

Blood Star 

Six-ravedSeaStar 



ScientificName 

Mediasteraequalis 

Orthasteriaskoehleri 

Parastichopuscalifornicus 

Patiriaminiata 

Pisasterochraceus 

Pycnopodiahelianthoides 

Solasterstimpsoni 

Strongylocentrotusdroebachiensis 

Strongylocentrotusfranciscanus 

purpuratusStrongylocentrotus 

ffi $** 
Collisellasp. 

Cryptochitonstelleri 

Diodoraaspera 

Katharina tunicata 

Tonicellalineata 

Aeolideapapillosa 

Dironaalbolineata 

Hermissendacrassicornis 

Chlamvshastata 

Clinocardiumnuttallii 

Hinnites giganteus 

Macomanasuta 

Mvtilus edulus 

Common Name 

VermilionSeaStar 

Long-rayedSeaStar 

Gant SeaCucumber 

WebbedStar 

PurpleSeaStar 

SunflowerStar 

Sun Star 

Green Sea Urchin 

ReaSeaUrchin 

PurpleSeaUrchin 

Giant Pacific Chiton (Gumboot) 

KeyholeLimpet 

BlackChiton 

Lined Chiton 

SeaMouse 

FrostedNudibranch 

OpalescentNudibranch 

Pink Scallop 

HeartCockle 

Purple Hineed RockScallop 

Bent-nosedClam 

Blue Mussel 



Scientific Name 

Panopeagenerosa 

Protothacastaminea 

Saxidomusgiganteus 

Tresus capax 

Zirfaeapilsbrvii 

Calliostoma annulatum 

Calliostomalisatum 

Ceratostoma foliatum 

Fusitritonoregonensis 

Littorina sitkana 

Nucella lamellosa 

Olivella biplicata 

Poliniceslewisii 

Halichondriasp. 

Haliclonasp. 

Ophlitaspongiapennata 
t:?::::::::: *::::: 

Pyurahaustor 

Styelamontereyensis 

Common Name 

Geoduck 

Native Littleneck 

Butter Clam 

Horse (Gaper)Clam 

RoughPiddock 

Rineed Top Shell 

Top Shell 

LeafvHornmouth 

HairvTriton 

SitkaPeriwinkle 

PurpleWhelk(smoothform) 

PurpleOlive Shell 

Moon Snail 

Bread Crumb Sponge 

Haliclona 

Red Sponge 

Warty Sea Squirt 

Long-stalked Sea Squirt 



Table2. 

Elwha River SubtidalSurvey 
Fish and Macroinvertebrate Frequency 

Class Gastropoda 

Diodoraspp. 

Phvlum Porifera 

Eudistvliavancouveri 

Class Scyphozoa 

Urticina(Tealia)crassicornis 

Cancerproductus 

PhylumBacillariophyta 

Pagurusspp. 

Ore.qoniagracilis 

Balanusspp. 

ClassCrustacea 

Katharinatunicata 

PhylumBryozoa 

Pycnopodiahelianthoides 

Pugettiaproducta 

SubclassOpisthobranchia 

Tresuscapax 

Panopea generosa 

ClassAmphineura 

Henricialeviuscula 

Cancermagister 

Snail 1 8 8  22.9 

Limpet r44 t 7 . 5  

Sponge 93 I  1 . 3  

FeatherDusterWorm 88  10.7 

Jelly Fish 87 10 .6  

Red and Green Anemone 76 9 .3  

RedRock Crab 74 9 .0  

Diatom 7 1  8 . 6  

HermitCrab 5 1  6.2 

DecoratorCrab 46 5 . 6  

Barnacle 4 l  5 . 0  

Shrimp 3 9  4 .8  

Black Chiton 3 1  3 . 8  

Brvozoan 30  J . l  

SunflowerStar 3 0  

KelpCrab 29 3 . 5  

Nudibranch 29 3 . 5  

Horse(Gaper)Clam 28 3 . 4  

Geoduck 2 l  2 .6  

Chiton 20 2.4 

BloodStar 1 8  2 .2 

DungenessCrab t4  1 . 7  

20 
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Schizobranchiainsisnis PlumeWorm T2 1 . 5  

Nucellalamellosa PurpleWhelk l 1  1 . 3  

Parastichopuscalifornicus Gant Sea Cucumber t 0  T,2 

Clinocardiumnuttallii Heart Cockle l 0  1 . 2  

FamilvPleuronectidae Flounder 8 1 . 0  

Solasterstimpsoni Sun Star 8 1 . 0  

Cucumariaminiata OrangeSeaCucumber 6 0 .7  

PhylumUrochordata SeaSquirts 6 0 .7  

Amphipholis squamata Brittle Star 5 0 .6  

Callianassacaliforniensis GhostShrimp 5 0 .6  

Strongylocentrotusdroebachiensis GreenSea Urchin 5 0 6  

FamilvPholididae Gunnel ) 0 .6  

Ptilosarcusgurneyi SeaPen ) 0 .6  

Samidomusgiganteus ButterClam 4 0 .5  

Class Bivalva Clam3 4 0 .5  

Cryptochitonstelleri GumbootChiton A
T 0 .5  

Gobiesoxmaeandricus NorthernClinsfish a 
J 0 .4  

ClassCrustacean Crab3 J 0 .4  

Dirona albolinea FrostedNudibranch J 0.4 

ClassCrustacean Isopod a 0.4 

Tonicellalineata Lined Chiton 0.4 

Strongylocentrotuspurpuratus Purple Sea Urchin ,
J 0 .4 

FamilvCottida Sculpin J 0 .4 

Hexagrammmosspp. Greenline 2 0 .2  

Strongylocentrotusfranciscanus RedSea Urchin 2 0 .2  



Zirfaeapilsbrvii Roueh Piddock 2 0 .2  

Chlamvshastata Pink Scallop z 0.2 

Leptasterias hexactis Six-rayedSea Star 2 0.2 

Thelepuscrispus SpaehettiWorm 2 0.2 

Squalusacanthias SpinyDogfish 1 0 . 1  

Protothacastaminea Native Littleneck I 0 . 1  

Poliniceslewisii Moon Snail I 0 . 1  

Hemigrapsusnudus Purple Shore Crab I 0 . 1  

ClassEchinoidea Sea Urchin I 0 . 1  

Eupentactaquinquesemita White Sea Cucumber t 0 . 1  

I The number of quadratswith at leastonespecimen
2Thetotal numberof quadratswith at leastone specimen dividedby the total numberof quadrats 
surveyed
3 Frequencyandpercentcalculationsdo not include specimensthatwereidentifiedto a lower 
taxonomiclevel 
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Table 3. 

Elwha River Subtidal Survey 
Selected Macroinvertebrate Density(number/ ft2) 

:::::::::::::::i:::i.ii:::::::::::::::::::;i:::::i:iii::::i;:ii,,l,:,:,:rji::::i:i:iiiiii,:i+:li::jiiii:::;:::::ii::il::ji:::i
jii::::::i::::::iGo-'mmoilil$#ffi*ffi' ffi i f1;;x.uu*_*rffi.::::;:i ujii:::liiiiiiiliri

iiiii ffi$itl iii'fi DeAtf iffi :::::l:i:;::li:rii:i::,0uadEA ff i:i:iiili: 

ButterClam 0 . 1 1 1  0. t67 0 .333 

DungenessCrab 0 . 1 1 1  0 . 1 3 5  0 .333 

Geoduck 0 . 11 1  0.206 0.667 

Ghost Shrimo 0 . 1 1 1  0.200 0 .556 

Gant Sea Cucumber 0 . 1 11  0 . 1 1 1  0 . l l t  

Green Sea Urchin 0 . 1 1 1  0 . 1 1 1  0 . 11 1  

HeartCockle 0 . 1 1 1  0.144 0.444 

HorseClam 0 . 1 1 1  0 . 1 9 8  1 . 1 1 1  

LittleneckClam 0 . n t  0 . 1 1 1  0 . 1 l 1  

Oranee Sea Cucumber 0 . 1 1 1  0 . 11 1  0 . 1 1I  

PuroleSea Urchin 0 . 11 1  0 . 11 1  0 . 1 1 1  

Red Rock Crab 0 . 11 l  0.134 0 .333 

RedSea Urchin 0 . 1 1I  0 . 1 1 1  0 . 1  1 1  

Roush Piddock 1 . 1 1 1  1.667 2.222 

White Sea Cucumber 0 . 1 1 1  0 . 1 1 1  0 . 1 1I  

4 

t4  

21 

5 

l 0  

5 

1 0  \ :  

28 

( r  

( ,  

I , i  

6 

a 
J 

1 At 1  

2 

2 

1 

23 



Table4. 

Elwha River SubtidalSurvey 
MacroalgaePercentCover 

75 to l00Yo 

25 to 49o/o 

0 to24oh 
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Table5. 

Elwha River SubtidalSurvev 
DominantMacroalgaeFrequ.o.y 

ffi _q:u ,:!:,i:Pgi 

Alaria marginata 232 28.3 

Cymathere triplicata 1 3 5  16.4 

Pterygophoracalifornica t28 1 5 . 6  

Iridaeacordata 65 7 .9  

Mastocarpussp. J I  4 . 5  

Costariacostata 3 5  4 .3  

Red Foliate 3 5  4 .3  

Laminaria saccharina 3 1  3 . 8  

Desmarestiaviridis 25  3 . 0  

Laminaria groenlandica 24 2 .9  

Desmarestialigulata 23 2 . 8  

Botryoglossumfarlowianum 2T 2 .6  

Erthrophyllumdelesserioides 2 l  2 .6  

gaudichaudii 1 8  2.2S arcodiotheca 

Laminaria setchellii t 7  2 . r  
Ulva spp. t 4  1 . 7  

Nereocvstis luetkeana3 T2 1 . 5  

Porphvrasp. 1 0  t . 2  

Zosteramarina 8 1 . 0  

Gigartina exasperata 5 0 .6  

Corallinaspp. 4 0 .5  

ScWosiphonlomentaria J 0 .4 
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Egregiamenziesii 2 0 .2  

Odonthaliawashinstoniensis 2 0.2 

Agarumfimbriatum I 0 . 1  

Bangiafuscopurpurea I 0 . 1  

Bonnemaisonianootkana I 0 . 1  

Callophvllisedentata 1 0 . 1  

Hymenenaflabelligera I 0 . 1  

Microcladiaborealis I 0 . 1  

Prionitislanceolata I 0 . 1  

I The number of quadratswith at least one specimen
2 The total number of quadratswith at leastone specimendivided by the total number of quadrats 
surveyed
3Nereocystisluetkeanawas not sampled accurately with our method 
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Table6. 

Elwha River SubtidalSurvey 
MacroalgaeFrequency 

Alaria marginata 461 56.2 

Iridaeacordata 428 5 2 . 1  

Lithothamnionspp. 378 46.0 

Cymatheretriplicata 328 40 .0  

Pterygophoracalifornica 3 1 0  37 .8  

RedFoliate 289 35.2 

Mastocarpussp. 241 29.4 

Ulva spp. 227 27.6 

Erthrophvllumdelesserioides 2r0 25.6 

Desmarestiaviridis i 84  22.4 

Sarcodiothecagaudichaudii 176 21.4 

Costaria costata 145 17.7 

Desmarestialigulata 1 1 3  1 3 . 8  

B otryoglossum farlowlanum 1 1 1  1 3 . 5  

Laminariagroenlandica t07 1 3 . 0  

Porphyrasp. 707 1 3 . 0  

Laminaria saccharina 105  12 .8  

Gieartinaexasperata 94 Tt.4 

Laminariasetchellii 79 9 .6  

Nereocystisluetkeana3 t 5  8 .9  

Corallinaspp. 63 7 .7  

Scvtosiphonlomentaria 55  6.7 

27 



Odonthaliawashinqtoniensis 47 J . t  

Zosteramarina 46 5 . 6  

Callophvllisedentata 36  4 4  

Microcladiaborealis 24 2 . 9  

Prionitislanceolata t 6  t . 9  

Ptilota filicina 1 1  1 . 3  

Hvmenenaflabelligera l 0  t . 2  

Egreeiamenziesii 9 1 . 1  

Pleuroohvcusgardnert 5 0 .6  

Asarumfibriatum 4 0 .5  

Bonnemaisonianootkana 4 0 . 5  

Ggartina perforata a 
J 0 .4  

Acrosiphoniacoalita 2 0.2 

Halosaccion glandiforme 2 0.2 

Bangia fuscopurpurea I 0 . 1  

Callophvllisflabelligera 1 0 . 1  

Fucus eardneri 1 0 . 1  

Srn i thnra  na iqdr rm o t  

I Thenumberof quadratswith at least one specimen 
2 The total numberof quadratswith at least one specimendividedby the total numberof quadrats 

surveyed
3Nereocystisluetkeanawasnot sampled accuratelywith our method 
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Table7. 

Elwha River SubtidalSurvey 
SubstrateTypes 

MixedCoarse 339 42.5 

Sand 213 26.7 

Gravel r22 1 5 . 3  

Mixed Fine 64 8 .0  

Cobble 29 3 . 6  

Boulder t4  1 . 8  

Bedrock 12 1 . 5  

Hardpan 5 0.6 
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AppendixA. 

TransectlD:  Length :  Date:  

Divers: 
(circledatarecorder) 

OuadratSize: Vis ib i l i ty :  

Lat i tude(GPS) Long i tude(GPS)  Boat Depth/Time 

Shal lowEnd 

Deep End 

algae,substrate,General  Oberservat ions ( f ish,  crusteaceans,macroinvertebrates,  
e tc . ) :  



T R A N S E C TI D :  
STARTTIME:  N E A R  S H O R E  
F I N I S HT I M E :  O F F S H O R E  

V e g .  C o v e r  ( 2 5 %  i n c r e m e n t  

=  dominan t :X=  

D = d o m i n a n t :X -

Macroinvertebrales(counti f  < 20: est imatehi her  dens i t ieswi th  21-SO,>5 

Subst ra te  
BOulder -Cobbtm 
Bedrock -Hardpan -M F ine  - Mud  

RECORD GENERAL OBSERVATIONS ON THE REVERSE SIDE UPON FINISHING TRANSECT***  
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