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SUMMARY

In 1992, the U.S. Army Corps of Engineers-SeattleDistrict,placed oyster

shell on tidal flats to mitigate for Dungeness crab mortalities caused by

dredgingin Grays Harbor,Washington,in 1990. Shellplacementdamaged isolated

patchesof eelgrass. To help assessthe potentialfor the recoveryof eelgrass

in plots that may have been significantlyaffected, eelgrass transplanting

experimentswere initiatedin 1990. Eelgrasswas transplantedinto 16 ponded

areasthat were createdby the unevenplacementof the shell. Transplantingwas

carriedout in spring 1990, and samplingof the survivalof the transplantswas

conductedin August of 1990 and 1991. Battelle/MarineSciencesLaboratorywas

requested by the U.S. Army Corps of Engineers-SeattleDistrict to analyze

transplantsuccess in selected plots after 29 months. Part of this analysis

involvedresamplingtransplantedeelgrassplots in August 1992.

Quantitativesamplescollectedon August 11 and 12, 1992 indicatedthat

transplantedeelgrass increasedsignificantlyin terms of shoot abundanceover

the 29 monthssince transplantation.The variationand rateof increasein shoot

abundance among transplant plots can be partially explained by desiccation

stress,with deeper ponds showingenhancedgrowth rate and plant size.

Four basic recommendationsare made based upon the data:

I. The eelgrass plots should be resampled annually to provide much
needed data on long-term survival and spread of transplanted
eelgrass. (The plots shouldbe remarkedwith _w stakesin 1993 to
assure ease of relocation.)

2. The rate of increasein shoot abundance,shoot length,and perhaps
plant migration appear to be strong indicators of the physical
suitabilityof a site for eelgrasstransplants. These parameters
shouldbe tested furtherusing controlledexperiments.

3. The hypotheses suggesting that a mixed eelgras_/shellhabitat
providesgreaterbenefitsto fisheryresourcesas comparedto shell
alone should be investigated.

4. Eelgrassmeadow constructionthroughthe use of stableponds appears
to be a viable technologybut requlresdirectedresearchon factors
includingoptimal pond depth and size, maintenanceof ponds, and
optimal transplantingdensity to fully evaluate and refine the
technique.
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INTRODUCTION

In 1992, the U.S. Army Corps of Engineers-SeattleDistrictplaced oyster

shellon tidalflats to mitigatefor Dungenesscrab /Cancermagister)mortalities

that were causedby dredginginGrays Harbor,Washington,in 1990. Experimental

shell test plots of 0.4 ha (I acre)were establishedin April 1990, to evaluate

the proposedmitigationmethod (Armstronget al. 1991). Because some of the

plots containedeelgracs,there was a generalconcern regardingthe impact of

shell placementon natural standsof eelgrass. Studiesconductedby Thornand

Hallum (1991)showedthat isolatedpatchesof eelgrassprobablywere damaged.

To help assessthe potentialfor eelgrassrecoveryin plots that may have

been significantlyaffected,eelgrasstransplantingexperimentswere initiated

in 1990. Eelgrasswas transplantedinto 16 areas that containedponded water

duringlow tides. These pondedareaswere createdby the unevenplacementof the

shell. Observationsin Grays Harbor indicated that eelgrass occurred most

frequentlyin ponds on flats,as opposedto areas that were dry during low tide,

and in shallowsubtidalareas that fringedthe flats. Thornand Hallum (1991)

reasonedthatplantsplacedin pondswould havea higherprobabilityof surviving

compared with plants placed in areas that were more prone to desiccation.

Transplantingwas carriedout in spring1990,and samplingof the survivalof the

transplantswas conducted in August 1990. In August of 1991, eelgrass shoots

were countedin two of the pondslocatedat the CampbellSloughshellplots. The

samplingsindicatedgeneralincreasesin shoot abundancesfrom those originally

transplanted.

The U.S.ArmyCorpsof Engineers-SeattleDistrictrequestedBattelle/Marine

Sciences Laboratory (MSL) to resample as many of the transplantedareas as

possible to provide informationon transplantsuccess after 29 months. Six

transplantareaswere resampledin August1992;two areasat the CampbellSlough

plot and four areas at the South Channelplot. A summaryis presented of the

potentialfor using eelgrasstransplantsin conjunctionwith shell placementas

a method for enhancingthe habitatdiversityand potentialbenefitto fisheries

resources,includingDungenesscrab. This limitedtransplantstudy represents

one of few attemptsin the PacificNorthwestto documenteelgrasstransplanting

over a relativelylong periodof time (Thom1990a). The previoussuccessof most

eelgrasstransplantingeffortsinthis regionhas beenpooror poorlydocumented.
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STUDY SITES

The experimentalshell plots were located in Campbell Slough, on the

northern and southern sides of the Grass Creek Channel and in South Channel

(FigureI). The sites selectedwere chosento maximizeshellplot stability,to

cover minimal stands of eelgrass, and to maximize the probabilityof crab

settlement. RectangularO.4-ha (40 x I00 m) shell and control plots (adjacent

to the shell plots) were establishedat each site in April 1990. Biologists,

includingresourceagency personnel,Universityof Washingtonresearchers,and

U.S. Army Corps of Engineersbiologistsselectedthe positionof the test plots,

which appearedqualitativelyto containlesseelgrassthanthe controlplot. The

plotswere markedwithwoodenstakesand floatsto facilitateshell placementand

relocationfor future crab and eelgrasssampling.

FIGURE 1. Map of Grays Harbor ShowingShell Plot Locations(CS = Campbell
Slough,GC = Grass Creek, SC = South Channel)
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TRANSPLANTINGAND SAMPLINGMETHODS

In April and May 1990,Thom andHallum (1991)transplantedeelgrassshoots,

with attached roots and rhizomes, into ponds (approx. 1-6 cm deep) that were

created by placing shell in the plots. Most of the plantingswere done by

bundlingten eelgrass shootstogetherusing a plastic-coveredmetal twist-tie,

arounda metal wire. Tilewire, which protrudedbelow the rhizomesapproximately

10-15 cm, served as an anchor for the shoot bundles. Material for the

transplantswas gathered immediately adjacent to the plot to minimize both

handlingtime and the time the below-groundparts were exposedto air. A total

of 16 ponds (eelgrasstransplantplots) inthe 4 shelltest plotsreceived50-150

shootseach. Individualshoots,or shoot bundles,were plantedwith spacingof

10-20 cm. Counts of the number of shoots (i.e.,abovegroundportions)per pond

were made inAugust 1990. Two pondswithin the CampbellSloughplotwere counted

in August 1991. On August 11 and 12, 1992,eelgrassshootswere counted in the

two Campbell Slough plots and in the four ponds located in the shell plot at

South Channel. In addition, lengths of 10-15 randomly selected shoots were

measured within each pond_ and in four referenceponds adjacent to the South

Channelshell plot. Finally,ponddepth was measuredat 6-7 locationswithinthe

areas where the shoots were countedand measured.



RESULTSAND DISCUSSION

TRANSPLANTINGRESULTS

The areas that were trar_splantedwere relativelyeasy to relocate by

referringto the wooden stakesplacedthere in 1990. The CampbellSlough shell

plot had changed considerablysince 1990 due to sedimentmovement and shell

burial. The transplantedareasmay becomeincreasinglydifficultto relocatein

futureyears becauseof rapid changesin sedimentdistributionand loss of marker

stakes.

Shoot abundanceincreasedan averageof 3.1 times (SD : 2.5). This means

that, on average, 100 shoots increasedto 310 shoots betweenspring 1990 and

August 1992 (Figure2). The 95% confidencelimits aroundthis averageranged

from a decreaseof 50 shootsto an increaseof 570 shoots. The greatestincrease

occurredat both the CampbellSloughponds. Two of the six transplantedponds

showed only a slight (<10%) increase in shoot abundance. One pond (South

Channel4) declinedby August1990,but increasedto near the originaltransplant

abundanceby August 1992. The originaltransplantswere not evidentas discrete

bundles,and the centerof most transplantedareas had shiftedslightly. This

could be due to naturBlmigrationof the shoots as a result of rhizomegrowth

and/ordiebackof plants in marginalareas of the ponds.

The rate of change in shoot abundanceaveraged4.7 shoots/monthover the

29 months since transplanting(Figure3), with a range of <I to almost 12

shoots/month.Twelveshoots/monthmay representnear-optimalratesof increase,

which reflectoptimal physicalconditionsfor transplantingin the areas that
m

were studied.

The measurementsof shoot length generallyshowed that transplantshad

similarshoot lengthsas comparedwith naturalstands(Figure4). In addition,

the relativelystrong regression relationshipindicatedthat pond depth was

positivelycorrelatedwith shoot length. Pondingprobablyreducesdesiccation

stressfor plants on the flats. The rate of change in shoot abundancefor the

plantedmaterialalso showeda positiverelationshipwith ponddepth (Figure5).

However,to verifythis relationship,furtherexperimentalstudieson more sites

would be required.
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The long-term -?_teof the transplantsmay depend on the persistenceof

pondedwater. Mean pond depth for the six pondsdecreasedfrom 2.8 cm (SD = 1.9)

in 1990 to 1.3 cm (SD = 0.6) in 1992, which indicatesthe ponds are filling.

Eelgrassmeadows trap sedimentsand organicmatter under naturalconditionsand

tend to raise the sedimentsurface. The rateOf accretionis highlyvariableand

dependson a varietyof factors,includingsedimentinput,wind drivenwaves,and

surroundingtopography. Scouring could occur adjacentto the areas where the

eelgrass is presentlygrowing. Based on the observationsin 1992, eelgrasscan

spread,via rhizomes,to occupyadjacentponds createdby scouringthat are most

suitab_.efor their growth. Eelgrassis knownto show large annualva_,_tionsin

distribu_iunon the flats ;n Grays Harbor, and this may be in response to

shifting topography, lt is too early to predict the long-term fate of the

transplantsin Grays Harbor.

TRANSPLANTEDEELGRASSAS HABITAT

The use of eelgrassby Dungenesscrab,juvenilesalmon,and otherfisheries

resourcesin the PacificNorthwestis well-documented.Studiesby Armstronget

al. (1981, 1991), Dinnellet al. (1986),andGundersonet al. (1990) illustrate

the use by newly settledcrabs of estuarinehabitats, in particulareelgrass

meadows and shell piles. Eelgrassoffersprotectionfrom predation,aswell as

increasedbenthic food resourcesand perhapsdecreaseddesiccationstress.

A simple diagramof a system that includesshell piles interspersedwith

eelgrass patchesis shown in Figure6. This mixed systemessentiallyincreases

habitat diversity in terms of substrata composition and vertical height.

Landscapeecology_h_oryshowsthat greaterhabitatdiversityresultsin greater

speciesdiversity. Fish are generallyattractedto verticalstructuresin water

and wou_J be expectedto congregatein, and around,eelgrasspatches. Juvenile

salmon are known to prey heavily on harpacticoidcopepods and other small

crustaceaassociatedwith the epiphytesattachedto eelgrass. Althoughstill to

be evaluated, the benefits gained on juvenile salmon, such as refuge from

predation and productionof food resources,from shell plots with significant

eelgrass area may be greater than from plots with shell alone. Densitiesof

young crabs are lower in eelgrass than in shell plots (Armstronget al. 1991).

However,detritusproductionby eelgrassand transportof detritusto the shell

12
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may enhance secondaryproductivityin the adjacentshell. Observationsmade in

1990 showed that diatoms and seaweeddid attach to shell. However,these taxa

are generallyshort-livedand are not persistentcomponentsof the habitat. In

contrast,eelgrasspersiststhroughoutthe year and forms habitatfor a variety

of differentspecies,dependingon the season. Furthermore,eelgrassproduction

dynamics differ from those of the ephemeral algae associatedwith shell. In

general,eelgrassproductionoccursthroughoutspringand summer,in contrastto

ephemeral algae, which have an early summer bloom and dieback. This longer

growth period of eelgrassresultsin a longer period of detritusproductionin

the habitat. In addition, leakageof organicmaterial from the leaves of the

plant can provide significantquantitiesof organic matter to the planktonic

system (Thom 1990b). Finally,eelgrassmeadowshave sedimentsthat are high in

organiccontentfrom the trappingof organicmatter and the growth of roots and

rhizomes. These conditionsenhancethe productionof infauna,whichmay be eaten

by fish and crabs that use the habitats. Acriticismof shell-onlyplots is that

they do not benefit animalsother than crab. Studiesthat criticallyevaluate

a mixed shell/eelgrasssystem are needed to provideevidence for methods that

enhancemitigationof impactsto a wide range of target fisheriesspecies.
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CONCLUSIONS

Transplantedeelgrassincreasedsignificantlyin terms of shoot abundance

over the 29 months since it was transplanted. Considerablevariationin shoot

abundance and rate of increase among the transplant plots can be partially

explainedby desiccationstress. Ingeneral,deeperponds showedenhancedgrowth

rate and plant size. The eelgrass distributiondid change since it was

transplanted_which may be a result of rhizome spread. Eelgrass that was

incorporatedintoplots containingshellmay provideseveralecologicalbenefits

to fish and crabs, and may increaseoverallhabitatproduction.

There are four basic recommendationsbased on the informationgatheredto

date:

I. The eelgrass plots should be resampledannually to provide much needed
data on the long-termsurvivaland spread of transplantedeelgrass.(The
plots should be remarked with new stakes in 1993 to assure ease of
relocation.)

2. The rates of increasein shoot abundance,shoot length,and perhapsplant
migrationappearto b_ _trong indicatorsof the physicalsuitabilityof a
site for eelgrasstr_;::_,;-._ts.These parametersshouldbe tested further
using controlledexperiments.

3. The hypothesis suggestingthat a mixed eelgrass/shellhabitat provides
greaterbenefitsto fisheryresources,as comparedto shellalone, should
be investigated.

4. Eelgrassmeadowconstructionthroughthe use of stableponds appearsto be
a viable technology,but requiresdirectedresearchon optimalpond depth
and size, pond maintenance,and optimal transplantingdensity to fully
evaluate and refine the technique.
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