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1.0Purposeof Action

TheU.S.Fish& Wildlife Service(Service)is proposingto restoresaltmarshesgoastaldunesand
relatedresourcesvithin andadjacento the SachuesPointNationalWildlife Refuge(Refuge)in
Middletown,RI. The proposedactionis necessaryo preserveandrestorefish andwildlife habitat,
waterquality, public useandpublic safety. Theseresourcdunctionsarebeinglostanddegraded
dueto naturalandanthropogenidactors,includingsealevelrise, severecoastaktormsandwater
pollution. The proposedactionfulfills theresponsibilityof the Serviceunderthe NationalWildlife
RefugeSystemAdministrationAct of 1966(16 U.S.C.668dd-668ee)asamendedy the National
Wildlife RefugeSystemimprovementAct of 1997 (PublicLaw 10557), which requiresthe
Serviceto undertakdiconservationtnanagemengndwhereappropriaterestoratiorof thefish,
wildlife, andplantresourcesndtheir habitat® on Refugelands.The proposedactionis fundedby
the Disaser Relief AppropriationsAct of 2013(PublicLaw 113-2) andis consistentvith the
Comprehensiv€onservatiorandManagemenPlanfor the SachuesPoint NationalWildlife
Refuge(USRWS 2002).This ProjectDescriptiondescribeshe proposedactionandwill serveas
the basisfor environmentapermittingasrequiredby federallaw.

1.1 RestoreSalt Marsh Habitat Conditions for Fish and Wildlife

Saltmarshe@aresomeof the mostecologcally importantwetlandhabitatson NarragansetBay
(Schwart22009).Thesewetlandssupportthe coastalestuarineecosystenbecaus®f theirrole in
providingfood, spaceandrefugiafor awide variety of terrestrialandaquaticspeciegTealetal.
1999). Saltmarsheduffer andprotectestuarinavatersandhabitatsfrom land-basedollutants
(USEPA1993).Thelocationof saltmarshedetweerriver anduplandsitesprovidesa buffer
duringstormeventsandaid in reducingnitrogeninputsfrom uplandsinto estuariegWigandetal.
2004).Saltmarsheslongthe Atlantic Coastof the United Stategprovidehabitatfor a diversity of
wildlife speciesncluding severakaltmarshobligatespeciesuchasthe saltmarstsparrow
(Ammodramusaudacutu}y a specieof high conservatiortoncern(lUSFWS2008).Saltmarshes
arealsovaluedasopenspaceandprovidescenicvistas.

Saltmarshesn the Maidford River aredecliningdueto rapid sealevel rise,invasivespeciesyater
pollution anda historyof hydraulicmodification. Thesefactorsdegrademarshhabitatdirectly, by
causingmorefrequentandextendednarshflooding, andindirectly, by causingossof native
marshvegetatiorandreducedaunalbiodiversity. The proposedactionwill reversehis decline
andprotecthigh-valuespeciedy restoringhabitatquality andecologicalresiliencein the marshes
of theRefuge.Thiswill beaccomplishedby restoringmarshsurfaceelevationsyestoringmarsh
vegetationgcontrollinginvasivespeciesrestoringmore naturaldrainagepatternsandreducing
waterpollution. In additionto addressingurrenttrends the proposedactionwill protectfish,
wildlife andhabitatsfrom theimpactof future naturalandanthropogenieventsjncludingclimate
changeandfrequent,intensestorms.The proposedactionwill provideadaptivemanagemenb
prior restoratiorareaspy adjustingmarshsurfaceelevationgo currenttidal elevations.

1.2 RestoreSaltmarsh Sparrow Nesting Habitat



Theproposedactionis neededo preserveandrestorenestinghabitatfor the saltmarshsparrow.
TheMaidford River saltmarshhistorically providedimportanthigh marshnestinghabitatfor this
specieshowever frequentmarshflooding andpoordrainagehasalteredthe vegetation
compositiongesultingin alossof high marshnestinghabitat.Femalesparrowsplacetheir nests
closeto the groundmakingthemparticularlysusceptibleo tidal flooding. Floodingis a major
causeof nestfailure whenthe Maidford River outletbecome$lockedwith sandandfloodsthe
marshsurfacefor extendedgeriodsof time duringthe nestingseasonConsequentlyreproductive
succesdgor saltmarsksparrowsestingwithin the Maidford Marshis relativelylow, andthe marsh
may currentlyactasreproductivesink for this speciesSealevelriseis expectedo furtherreduce
theamountof suitablenestinghabitatfor saltmarshsparrowsn the nearfuture, andincreasehe
vulnerability of their neststo tidal flooding. The propo®dactionis neededo re-establishhigh
marshvegetatiorsuitablefor saltmarstsparrownesting,andimprovesparrowreproductive
success$n orderto preserveandrestorepopulationsof this speciesat the Refugeandregionally.

1.3Improve Water Quality

Theprincipal sourceof freshwaterto the projectareasaltmarshess the Maidford River, whichis
classedasimpairedby theR.l. Dept.of EnvironmentaManagementlueto elevatedevelsof fecal
coliform andlow biodiversity(RIDEM 2011).Pollutionfrom the Maidford Riveris afactorin
causingoeachclosuesat Third Beachin Middletown. The proposedactionis necessaryo reduce
stormwaterpollutioninto the marshesandcoastalwatersof SachuesPoint,in orderto protectand
restoresaltmarshhabitat,biodiversityandrecreationalisesof coastawates.

1.4 Protect Public Use,Safety,and Access

Theproposedactionis alsonecessaryo protectpublic safety,preserveecreationatjuality, and
restorepublic accesdo the RefugeandothercoastalassetsuchasrecreationabeachesThereare
limited roadsandparkinglots in the SachuesPointarea,despiteintenseuse,particularlyin
summer Existingroadsareunsafe subjectto flooding andice formation,with onedangerous
intersectionBy raisingroadsandparkinglots, improvingdrainageandinfiltration, and
reconfiguringanintersectionthe proposedactionis neededo reducethe chanceof vehicle/vehicle
andvehicle/pedestriaaccidentsimproveemergencyccessandreduceroadgenerategbollution
of recreationabeaches.

Alteredmarshhydrologyandpluggeddrainagesncreasanosquitoproductionandpotential
diseasevectors.In recentyears potentiallydeadlymosquitebornediseasesuchasWestNile
Virus andEasterrEquineEncephalitishaveincreasedn Rhodelsland.By improvingflushing of
existingmarshchannelsthe projectwill reducemosquitoproductionandpotentialdisease
transmissiontherebyreducinga seriousthreatto public health.

2.0 Affected Environment

2.1Project Area

Theproposedrojectis locatedon the North sideof the Refuge(Appendix 1: Project Area Map
and ProposedActions, provided aboveand with appendice$. For purpose®f the proposed
project,coastalwetlandareadotalingapproximately37 acreswithin the projectareaaredivided
into threemanagemerunits: the North, Middle, andSouthMarshesasdescribedunderi S a | t
MarshH a b i tbelaws , ©

Themarshesreborderedo theeastby Third Beachon the Sakonmet River. The North andMiddle
Marshesarefloodedanddrainedby a channekystemthatconnets to the Maidford River, which



flows alongthe northedgeof the projectareabeforeernteringthe SakonnetThe SouthMarshis
floodedanddrainedthrougha separatehannekystemthatconnectdo the Sakonnethrougha
watercontrol structureat the south endof the projectarea.The ConnectoiRoadseparatethe
North andMiddle Marshesluringmosttides.The Middle andSouthMarshesareseparatedy
topographyat lower tides,andconnectedt highertides

2.2 Seal evel Rise Trends and Impacts on Marshes

Throughouthe Northeastsaltmarshesrelosingvegetatedabitatdueto naturaland
anthropogeni@mpacts. On NarragansetBay, long-termmonitoringshowsrapid declineof high
marshor saltmeadow replacedy stressedegetatiorandun-vegetagdareasA recent
comparativestudyattributesii e x ¢ ewaterioggieagyvegetatiorshifts,andd i e bia c k 0
NarragansetBay saltmarshedo acceleratedealevel rise,andsuggestshatfish andwildlife
habitatwill beimpactedby thesechangegRaposat al 2014) Thestudyalsosuggestshat

i ma n a g & aente in @ augnéehnaarshe | e v a dammitigase someof thesempacts).The
Maidford saltmarshe®xhibit thesetrends marshsurfacesareatinsufficientelevation(relativeto
sealevel) to supportrobustgrowth of historichigh marshvegetationPoordrainagehas
exacerbatethis condition;historicdrainageeatureshavecloggedwith depositedsediments,
leadingto increasedoil waterloggingandvegetationoss.The SouthMarsh,which wasrestoredo
saltmarsiduringthe SachuesPointLandfill remediatiorprojectcompletedn 2004 suffersfrom
elevationgnsufficientto supporthigh marshvegeation,andis currentlydominaed by mudflatand
low marshvegetation.

2.3 Salt Marsh Habitats

Saltmarshhasbeenpresenbn this sitethroughoutistory,asevidencedy soil coresampledaken
with the assistancef the NaturalResource€onservatiorervice(NRCS)(Figure 1). Thesecores
showlayersof peatinterspesedwith layersof sand suggestig prior overwashevents During the
SachuesPointlandfill remediatiorin 2004 thick depositsof peatwerefoundtwo to threefeet
belowthesurface.

Fig. 1: Salt Marsh Soil Cores,Maidford River Salt Marshes
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Theareasf the North, Middle andSouthMarshmanagemeninits areasfollows:

Fig. 2: Table of Areas, North, Middle, and South Marsh ManagementUnits

ManagementUnit Area (Acres) | Notes

North Marsh 9.521 Historic saltmarsh

Middle Marsh 6.101 Historic saltmarsh

SouthMarsh(vegetatedirea) | 11.697 Restoredsaltmarshexcavatedrom former
landfill

SouthMarsh(mudflat) 10.078 Restoredsaltmarshexcavatedrom former
landfill

Total 37.397

TheNorth Marshis characterizethy a mix of high andlow marshvegetaion, while the Middle
marshis dominatedoy high marshandinvasivePhragmiteseedsIn the SouthMarsh vegetated
areasaredominatedby low marshvegetationspecificallySpartinaalterniflora. High marshis
presenbnly ontheedges of the SouthMarsh.Largeunvegetatednudflatsarealsopresenin the
SouthMarshasnotedin thetableabove Appendix 2 provides a mapof vegetativecoverwithin
the projectarea while Appendix 3 providesthe sameinformationin tableformat

High marshareasaredominatedoy saltmeadowhay, Spartinapatens othercommonhigh marsh
speciegpresenincludeDistichlis spicataandJuncusgerardii. High tide bush(lva frutescensand
Phragmitesaustralisarepresentallongedgesandhigherareaswhile both Intermediatedigh and
low formsof Spartinaalterniflora arepresenin lower areasNewly formedbarepannesre
presenin thelowest,mostdegradedireasof the marsh

Marshvegetationwithin the projectareahaschangedignificantlysincethelatel 9 9  the
presentA studyby SaveTheBay (2014)documentedubstantialecreasén S.patensthe
dominanthigh marshvegetatiorandimportantsparrownestinghabitat,coupledwith strong
increasesn S.alterniflora, Salicorniaspp, andbarepannesThe samestudynoteda declinein
watertabledepthshigh mosquitoproduction;andlow-quality habitatconditions.Takentogether,
thesetrends indicatea transitionfrom high marshto low marsh;increasedmpoundmenbf surface
waterfrom the Maidford River; anddegradatiorandlossof marshhabitat The studyconcludes
thatmarshaccretionis not keepingpacewith sealevel riseandthathabitatconditionswill continue
to deteriorateunderpresentrends(SaveThe Bay 2014).

Appendix 4 providescompleteinformationon marshsurfaceelevationdasedn RTK surveys
completedby the Servicein 2015.

As describedhbove the saltmarshesn the projectareaarefloodedanddrainedby two main
channekystemsSedimentationf thesesystemshasreduceddrainageandaerationof marshsoils,
exacerbatingubsidencandacceleratinghelossof marshvegetationPoordrainagealsoleadsto
longerperiodsof standingwaterin the channelsattenuationof both high andlow tides within the
marsh,increasedanosquitoproductionthroughouthe projectarea andis the principalfactor
causingflooding of saltmarshsparrownestsandpoorreproductivesucces®f this species.

2.4\Wild life Resources
Thesaltmarstsparrowis a habitatspecialistoccurringexclusivelyin tidal marsheslongthe

Atlantic coastof the North America. It is considered specieof high conservatiorconcerndueto
its limited distribution,andits dependencen saltmarshhabitatwhich s threatenedy sealevel



rise.SouthermNew Englandrepresentshe coreof its breedingangewhereanestimatedb0
percenbof theworldwide breedingpopulationoccurs(Partnersn Flight 2000)

Salimarshsparrowseston the groundandrequirehigh marshfor nestinghabitat Neststypically
occurnearthehightide line atthe baseof saltmarshcordgrasgSpartinapaten3 andsaltmeadow
rush(Juncusggerardii), Thesalimarshsparrowis decliningin population;jthespeciess listedas

A v ul n ey thelnteraadionalUnionfor the Conservatiorof Nature,andasa speciesn needof
immediateconservatioractionby Partnersn Flight. The speciess particularlysusceptibléo
anthropognicimpactssuchassealevelrise coastaldevelopmentalterationsn marshtidal flows,
andhabitatdegradatiorirom invasionsof non-native Phragmitesaustralis

Researclithroughouthe rangeof this speciehrasdocumented steadydeclinein nestinghabitat
andreproductivesuccessPopulationviability analysesurrentlyunderwaypredictthatsparrows
will beunableto breedsuccessfullyn tidal marshhabitatswithout interventionby approximately
205Q givencurrentratesof sealevel riseandassuminghatmarshelevationgemainstable (Field
andElphick 2014pers.comm.).

TheMaidford marshesistorically supporteda significantbreedingpopulationof salimarsh
sparrow but reproductivesuccesss now verylow dueto frequentflooding. Sparrowsareevolved
to lay their eggsandfledgetheir youngin the periodbetweerspringtides; morefrequentflooding
of the high marshsurfaceleadsto high ratesof reproductivefailure. Sparroweggshavethe ability
to survivebrief periodsof nestflooding. Onceincubationbeginsandthe embryosaredeveloping,
Elphick (2014pers.comm)observedeggsremainingviable afterflooding eventdastingup to 90
minutes presuminghe eggsremainedn the nestcupandfemalesresumedncubationshortly after
flood watersrecededIf eggsfloat out of the nest,theeggswill notsurvive Chickslessthanfive
daysof agearesusceptibléo drowningsincetheynot yet developednoughto climb higherin the
nestor on surroundingvegetatiorto avoidrising waters.

Frequenflooding of the Maidford marshess causedy cloggingof the Maidford River at Third
Beachwhich,in combinationwith cloggeddrainagesithin the saltmarsh preventsstormand
rainwaterfrom draininginto the SakonneRiver. Thisflooding hasbeenrecordedo lastaslongas
8 days.Otherfactorsincluderelativdy low marshsurfaceelevationsandsealevelrise

2.5Marine, Estuarine and Aquatic Resources

Marsheswithin the projectareasupportseverahektonspeciedypical of NarragansetBay
marshesAppendix 5 providesdatafrom nektonsurveysby the Servicein 2012and2014.Note
thattheil Ma i dM aor r stitadeferthe North Marshunit, while thefi R e s tMa r eldtapefer
to the Middle andSouthMarshunitscombined.

Themostabundannektonspeciesampledveredaggerbladgrassshrimp, Palaemonetepugio,
in the North Marsh,andmummichogFundulusheteroclitusjn the Middle andSouthMarshes.
Alewife, Alosapsuedoharenguysvaspresenin verylow numbersn the North Marsh,while
Americaneel,Anguillarostrata, waspresenwith very low numbergn the Middle andSouth
MarshesNo winter flounder(Pseudopleuronectesnericanuywerefound.

Thefreshwaterhabitatof the Maidford River upstreanof the projectareasupportsseverakpecies
of fish typical of degradedmallfreshwatersystemsin 2010theR.l. Dept.of Environmental
ManagemenfRIDEM) sampleceightspeciesthreespinedstickleback(Gasterosteus aculeatuys)
four-spined sticklebackApeltesquadracus)nine-spinedstickleback(Pungitiuspungitius),



Americaneel,goldenshiner(Notemigonus crysoleucapumpkinseedLepomis gibbosuspanded
killifish (Fundulus diaphanusandgupypy (Poecilia reticulatg (Lake 2015 pers. comm.).

In additionto speciesdentifiedin the nektonandRIDEM surveysa studyby Romanetal. (2002)
within the saltmarshidentified white mullet (Mugil curema) inlandsilverside(Menidiaberyllina),
shiner(Notropisspp.) Atlantic menhaderiBrevoortiatyrannus) black seabass(Centropristis
striata), rainwaterkillifish (Lucaniaparva)andseaboardjoby(Gobiosomaginsburgi)in the
Maidford marshes.

A shellfishsurveyin Fall, 2014foundvery low densitiesof shellfishin the projectarea,asshown
in Appendix 6. Atlantic horseshoecrab(Limuluspolyphemugshasbeenobservedn the North and
SouthMarshsegments.

The SakonneRiver supportsapproximately90 specieof estuarindish andshellfish.Appendix 7
lists all speciesdentifiedby RIDEM trawl surveysfrom 19791 2014.The NationalOceanicand
AtmosphericAdministrationHabitatMapperlists thelower SakonneRiver asEssentiaFish
Habitatfor 11 speciesThesearelistedin Appendix 8. Noneof the potentialEFH speciedisted by
NOAA arepresenin the Maidford River marshes.

2.6 EndangeredSpecies

Pipingplover(Charadriusmelodus)s ashorebirdspeciesurrentlyclassifiedasa Threatened
Speciesunderthe Endangere@peciesAct of 1973 (asamended)This speciess dependenbn
beachstrandhabitat,andhashistoricallynestecalong Third Beachadjacento the Maidford
marshesProductivity on this beachis very poor,despiteaverager aboveaveragehatching
successNestlingsaretypical lost within 15 daysof hatching.Dogsoff leashhavebeenidentified
asamajorareaof concernin pastyears.No successfuhestsverefoundin the 2013seasoron this
beach(USFWS2013).

2.7Water Quality

Dueto elevatedevelsof fecal coliform bacteriathe Maidford River doesnot meetstatewater
quality standardsindhasbeenidentified asimpairedfor bacteriaby RIDEM (2011). Thereare
severapotentialsourcesf bacterian the Maidford River watershedncludingagricultural
activities,wildlife anddomesticanimalwaste stormwaterrunoff from roadsanddevelopedareas,
andillicit dischargesThis bacterialcontaminatiorhasnegatie impactson recreatioraswell as
fish andwildlife habitatin the SachuesPointarea. Third Beachwascloseddueto contamination
92 daysfrom 20002013 (RIDOH 2015),while thelower Maidford River hasalsobeenassessed
by RIDEM (2011 asnot meetingwaterquality standardsor biodiversity. The Town of
Middletownis currentlycompletinga watershedssessmemf the Maidford River watershedvith
the purposeof identifying contaminansourcesanddesigningoestmanagementractice BMPSs)
to abatepollution.

Compadstively, watertemperaturesn the Maidford River areasmuchas10 degees higherthan
levelsmeasuredt the watercontrolstructureat the southendof the projectarea.Water
temperaturen theriver increass significantlywhenthe Maidford River outletat Third Beachis
blocked andwaterbecomestagnanandtrappedon the marsh asshownon theright sideof the
graphin Figure 3.



Fig. 3: Elevated TemperaturesWithin Maidford Marshes

Water Temperature (degree C) Comparison Between the
Water Control Structure and the Third Beach Crossing
Marsh -side, Maidford Saltmarsh, June 30 - August 11, 2014

29— i
= o T . TR T A AL
= e ALY 0
o VA NIV AR
g 19 VV vv

F 17

15

——— Water Control Strucuture

As shownin Figure 4, the salinity of water in the North Marshis muchlower thanwaterin the
SouthMarsh,dueto greaterfreshwaterinputsfrom the Maidford River andmorerestrictedidal
flushing.

Fig. 4: Limited Salinity (Conductivity) Within Maidford Marshes

Water Conductivity Comparison Between the Water Control
Structure and the Third Beach Crossing Marsh  -side, Maidford
Saltmarsh, June 30 - August 11, 2014
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2.8Hydrology and Tidal Dynamics
Hydrology

TheMaidford River andsaltmarsteshavehadalong historyof manipulation. Priorto
developmenof GardnerandNelsonPondg(drinking waterreservoirs)in theearlyl 9 0 hidtaric
CoastSurveymapsshowthatthe Maidford River originally drainedinto SachuesBay atthe
westernendof SecondBeach(now knownasSurfer®End). With developmenbof thereservoirs,
the Maidford River wasreroutedo its presentocation exiting into the Sakonrt River.
Discussionsvith long-termresidentsndicatethatthe Navy, which previouslyownedmuchof the
areaandlaterthe Town of Middletown, frequentlydredgedhe mouthof the Maidford Riverto
keepwaterflowing out of the Maidford andinto the SakonnetMore recently,the City Of Newport
reconstructea pipelinethatdivertswaterfrom the Maidford River alongParadiséAvenue(about
amile to thewestof the projectarea).This structures capableof divertingall non-flood flows into



thereservois. Downstreanof thediversionstructure paseflows in the Maidford River are
comprisedf groundwatersurfaceflows from the ParadiséBrook subwatershedandpossible
leakagefrom thereservoirs.

Thecurrentroadsystemjncludingthe ConnectoiRoadwhich bisectshe marsh,canbeseenn
early(1939)aerialphotosof thearea.n theearlyl 9 7 @hé Setviceinstalledawatercontrol
structureunderneatithe ConnectoRoadand anothersouth of Third Beachandconnectedhem
with aditchin thehopesof connectingall of the marshsegmentsogethemwith adequatesaltwater
flows to controlphragmitesandto improvesaltmarshhabitat(USFWS1975. Subsequerdnalysis
showedhe structureunderneatlithe connectoroadto be undersizedandthe ditchescouldnotbe
fully connectedecausef the presencef trashanddebrisassociateavith the SachuesPoint
Landfill.

Anothersaltmarshrestoratioreffort waslaunchedn this sameareain thel 9 9 Byé@ garietyof
partnergncludingthe Service RIDEM, NOAA, Universityof Rhodelsland,andothers designed
to reducemosquitoproductionandreducethe prevalencef Phragmitesin the Middle Marsh.This
effort includedinstallingtwo additionalculvertsunderneathhe connectoroadandcreationof a
ditch system(now calledthe turkeyfoot) andsmall poolsfor fish production. Subsequent
monitoring(Romanetal 2002 foundthattheincreasedaltwaterflows into the Middle Marsh
reducedheextentandrobustnessf Phragmites althoughmosquitoproductionremainsanissue
today.

Finally, in 2004the Servicecompletedenhancemat of saltmarshin the SouthMarshsegmentas
partof alandfill remediatiorproject. Much of theareaaroundThird BeachParkinglot was
excavatedo removetonsof wasteincludingtires, stovesrefrigeratorsstumpsandhousehold
refuse.Theareawasbackfilledandplantedwith saltmarshvegetationanda newwatercontrol
structurewasinstalledsouthof Third Beachto allow for tidal flows. This watercontrolstructure
hasrequiredverylittle mainienancesinceits construction.

Lackingathoroughinvesigationof the entiresaltmarsh(ashasnow beendone),no effort was
madein 2004to connecthe Middle andSouthMarshesSubsequerdnalysisaspartof this current
restoratioreffort hasdemonstratethattargetelevationgor saltmarshrestoration(usingS. patens
asagoal)werenot metby the 2004restorationandthatmanyof the elevationsn therestored
SouthMarsharetoo low to supporthigh marshvegetatiorandhabitat

Tidal Dynamics

A 2015studyby Grilli andSpailding examinedidal dynamicsin the Maidford River saltmarshes.
The studyfoundthatthe North andMiddle Marshunitsareconnectedo eachotherthrough
culvertsbeneattthe ConnectoiRoad,andthattheyconnecto the Maidford River atall pointsin
thetidal cycle. Thesetwo unitsthereforereceivefreshwater,stormwaterandcontaminantgrom
the Maidford River watershedatall tides,andflood andebbthroughthe Maidford River outletto
thesaltwaterof the SakonneRiver (Appendix 9). The SouthMarshunit connectdo the Sakonnet
primarily via awatercontrol structuresouthof Third Beachthroughwhichit floodsandebbs.The
threeunitsareconnectedat highertides;howeverthe studyfoundthatthe NorthandMiddle Marsh
unitshavelittle interchangevith the SouthMarshunit exceptafterstorms.At suchtimes,the study
predictsthroughmodellingthat62% of flood waterexits the systemvia the southchanneland
water control structure while only 38% exitsthroughthe Maidford River outlet. The studynoted
thatstormeventsopenthe sandbarat the Maidford outlet, but thatthe outletreturnsto equilibrium
(closed)conditionswithin severaldays,quickly re-establshingsusceptibilityto extendederiods
of flooding onthe surfaceof themarsh.A principal causeof this rapidclosureis thelocationof the



Maidford River mouthat the transitionpoint betweeran erosionabeachenvironmento the south
of theoutlet,anda depositionabeachto its north. The study alsonotedthatthe SouthMarsh
maintainsmoreopenwaterduringthetidal cyclethanthe North andMiddle units, dueto its lower
surfaceelevation(Appendix 9). Thestudyalsoconcludedhatthe culvertunderThird Beach
Roadatthe Maidford River outletis undersizedThis appeargo contributeto marshflooding as
well; afterlargestorms theroadactsasa damacrosshe marsh preventingargerstormflows
from exiting the marshquickly.

Waterlevel monitoringby the Servicerevealsthatlow tide heightsin the North andMiddle
Marshesarehigherascomparedo low tide levelsatthe watercontrol structure which generally
mimicstidesin the SakonneRiver (Grilli andSpaulding2015)(Figure 5). Theattenuatedow tide
is typical of tidally restrictedmarsheswhile tide watersarestill recedingn themarsh rising water
levelsin the Sakonneturingthe nexttide cycle preventthe saltmarshfrom fully draining.Water
levelsduringpeakhigh tide at boththe watercontrol structureandat Third Beachcloselyalign
with eachother.Notethegraduwal increasen minimumwaterlevel heightfrom observatior2714to
3372.Thisis dueto sandblockageof the Maidford outletat Third Beach which preventedvater
from drainingout of the marsh.The outletwascompletelyblockedfor anextendederiodfrom
observatior8372to atleast3600,signified by the persistencef high (flood) watersacrosghe
marshin Figure 5.

Fig. 5: Attenuated Low Tidesin Maidford Marshes

Water Level (ft NAVD88) Comparison Between the Water
Control Structure and at the Third Beach Crossing Marsh
side, Maidford Saltmarsh, March 28, 2014 - August 11, 2014.
The x axis is the hourly observation number.
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In theMiddle Marsh,amplitudeof bothlow andhigh tidesalsoappeas restricted andis believed
to be causedy cloggeddrainageshatpreventall but the highesttidesfrom influencingthis
sectionof themarsh(Figure 6). Saltmarshsurfaceelevationsaresimilar betweerthe North and
Middle Marshsegments.



Fig. 6: Tidal Attenuation Within i T u r k e gAraa

Water Level (ft) Comparison Between the Connector Road
and the "Turkey Foot" area (Middle Marsh), Maidford
Saltmarsh, March 28 2014 - August 11, 2014
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2.9Public Useand Visitor Safety

The SachuesPointareais animportantlocationfor public useandrecreationparticularlyin the
summerRoadsn theareaareusedto accessSecondandThird Beach which hosthundredsof
thousand®f visitors peryearandareanimportantsourceof incomefor the Town of Middletown.
Third BeachandNavy Beachparking lots arebothwithin the projectareaandareimportantto
coastaluseandaccessRoadsat SachuesPointalsoservicethe RefugeandNormanBird
SanctuaryMap, Appendix 1). Roadsareatrelativelylow elevationsandthereforearevulnerable
to sealevelrise,flooding duringsummerstormsandicing duringwinter. Thetriangleintersection
of the ConnectoiRoadandThird BeachRoadis dangerousthe northernportion of thetriangle
entersThird BeachRoadat anacuteanglewith poorvisibility. Runoff from roadsandparkinglots
is alsoa sourceof contaminantso marshesindcoastalwaters Marsheswithin the projectareaare
significantbreedingareador mosquitogSaveTheBay, 2014).Mosquitosrequirestagnantvater
suchin whichto lay their eggsandin which their larvaematurefor a periodof 7-10 days.Stagnant
poolsonthe surfaceof the Maidford marshesandcloggedtidal channelsprovidehabitatfor
abundanmosquitoproduction.

2.10Cultural Resources

To dateno significantculturalresourcefiavebeenidentifiedwithin the projectarea.The Service
reviewedproposedirainageestoratiorandTLD actionsandfoundno potentialimpactby these
actionson culturalresourcesThe Servicewill conductanarchaeologicasurveyin advanceof any
excavationsnto nativesoil, suchasrealignmenof the ConnectoiRoad,asrecommendedy the
R.I. Historical PreservatiorandHeritageCommissionn aletterdated30 Decembef014
(Appendix 10).



3.0ProposedAction: RestoreMaidford Salt Marshes,Water Quality, Public AccessHealth
and Safety

The Serviceis proposingio completeanintegratedsetof actionsto restore andenhance
approximately\387 acresof saltmarshat Maidford River aswell asassociatedises functionsand
valuessuchaswaterquality, public accesspublic healthandpublic safety.Theseactionsare
detailedindividually below; howevertheyaredesignedo work togetherto accomplisithe
proposedurposeof the action. Thereforethe greatesprojectbenefit will be providedby
completionof all actionsin acoordinatedashion.

Action 1: RestoreMarsh Drainage

Reducednarshsurfacedrainageandlow elevationsparticularlyin the SouthMarsh is causing
extendedsaturatiororii wa t e r | obntaghsailsgagrincipal causeof marshvegetatiorioss.
Waterloggings causedy 1) sedimentatiomof existingdrainageeaturesvhich clogsexisting

channelsaandreducexhanneldrainageand?2) low marshsurfaceelevationgelativeto sealevel.

For examplethe mainchannekunningfrom the Connectoroadinto the TurkeyFoot areain the
Middle Marshsegmentasbothsiltedin andmayalsonot havebeenconstructedo a consistent
depth.Figure 7 showsthe minimumandmaximumditch heights/depthsomparedo averagesalt
marshsurfaceelevation.

Fig. 7: Channel Depthsin Middle Marsh Unit

Channel Elevations From the Connector Road Culvert
Southward to the Turkey Foot Area, Maidford Saltmarsh,
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The Serviceis proposingmeasureso restoremarshdrainageby addressingachof thesefactors.
This actionis intendedo restorea morenaturaltidal flooding regimeto supportnativesaltmarsh
plantcommunitiesreducepondedwaterareason the marshsurface yeducewaterloggingof soils,
allow adequatelrainagen Thin LayerDeposition(TLD) restoratiorareasdivert freshwateiflows
to maintaincorrectsoil salinities,acceleratenarshdrainageafter stormevents andmaintain
perimeterditchesasnecessaryo preventthe spreaddf invasivePhragmites Drainagerestoration
is alsodesignedo connectpoding areason the marsh which will improvefish accesandhabitat
while reducingmosquitoproduction.



The Serviceis proposingo restoremarshdrainageby 1) deepeningexistingdrainagefeaturessuch
astidal channelsaandhistoricditchesthathavebecomenonfunctionaldueto sedimentationand?2)
developindimited newdrainagefeaturesprimarily i r u n oredryshallowchannelonthe
surfaceof themarsh alongwith verylimited deepelexcavationgo connectexistingmarsh
segmentandchannelsAppendix 11 providesmapsandapproximatejuantitiesof these
excavationsMore drainagerestoratiorwill takeplacein the North andMiddle Marshunits dueto
relativelyhighersurfaceelevationsn theseareas.

Drainagerestoratioractiors will facilitate ebbtide processeandacceleratdlood drainageafter
storms.In the North andSouthMarshmanagementnits, existing non-functionalchannelswill be
clearedto amaximumdepthof 1.5feet(180) beneatithe marshsurface In the Middle Marsh
managementnit, drainagerestoratiordepthsmaybeasdeepas1.9feet( 2 2 io yrderto
establishdepthsequalto theinvert (bottom)of the culvertsbeneattthe ConnectoiRoad(-0.51
NAVDS88).

Runnelswill beconstructedo a maximumcrosssectbn of approximatelyonefoot by onefoot on
the surfaceof themarsh This approachasbeenusedsuccessfullyo restoresaltmarshe®on
NarragansetBay andin the SouthShoresaltpondsof Rhodelslandby SaveThe Bay. This will
helpdrainsaltmarshsdls andconnectsurfacepools.

All excavatiorwill beaccomplishedisinga smallbucketon alow-groundpressurexcavatoras
is typically donefor mosquitocontrol,or with handtools. Drainagerestoratiorwork will be
performedprimarily outsideof the saltmarstsparrownestingseasorof April 1- August15,andin
thefall andwinter of 20152016.

Excavatedsedimenor soil will beplacedin low spotsonthe marshasneedegplacedin small
pilesorii i s | t arehtehigh marshhabitat(butwill not createuplandhabitat) andusedto
supplementLD applicationsasdescribedelow. Materialsthatareexpectedo contain
Phragmitesrhizomes particularlyin the Middle Marshunit, will be placedto minimize spreading
of this plant, eitherin subtidalareago preventregrowth on uplandsites,or in areascurrently
occupiedoy Phragmites

Action 2: PhragmitesControl

Theinvasivecommonreed,Phragmitesis prevalentn the projectarea.Underexistingpermits,
the Servicemaintainsongoingmeasures$o treatandkill Phragmitesisingherbicideand
mechanicameansThegoal of this actionis to improvemarshhabitatfor nestingsaltmarsh
sparrowsandotherwildlife, andto restorenativeplantbiodiversity. The effectivenes®f these
treatmentwill beenhancedy thetidal flow anddrainagerestoratiormeasureslescribedbove,
which areexpectedo raisesoil salinities.

Herbicidetreatmentonsistof applicationof a 1-1.5 % solutionof glyphosatgtradenameRode0)
appliedto selectstandsof Phragmitean late summer(AugustOctober) whenplantsarein full
bloom.Forthedensesstanddt maybenecessaryo applyanimazapyr/glyphosateombinationf
no nativemarshplantsarein theunderstoryHerbicidewill beappliedusingbackpacksprayers
whenpossibleln areasvherePhragmiteds lessdenseandthereareconsiderablewumbersof

high marshplantsgrowingin theunderstoryherbicidewill beappliedusingsteminjectionsandby
handswiping,to avoid adverseeffectsto desirablespeces.The potentialfor usingan ATV with a
boomsprayelin areaof densePhragmiteswill be consideredf feasiblewithoutdamaginghe
marsh.Herbicidewill beappliedon low-wind daysto minimizedrift ontoadjacennativemarsh
plants.Mechanicatreatnentwill be conductedafterherbicidetreatmentTreatedstandswill be



mowed2-4 weeksafterherbicideapplicationto removedeadplants,reduceshadingandallow for
thereestablishmendf nativeplants.In the SouthMarshmanagemeninit, duneareaswith
Phragmitesonthedunewill bereplantedwith nativevegetatioraftertreatmento ensure
stabilization.The Servicewill conductspottreatmentstepeating?hragmitescontrolmeasuref
subsequengearsasnecessary.

This actionwill treatapproximatelyl0.4acresof Phragmitesof atotal of 12.42acrespresenpn
site. Appendix 14 providesmapsandtablesdescribingongoing,permittedPhragmitegreatment
measures.

Action 3: Improve Roadsand Parking Lots

As notedabove flooding andrunoff from roadsandparkinglots in the projectareaimpactspublic
use,accesandsafety,aswell ascoastawaterquality. To addresgshesempacts the Serviceis
working with the Town of Middletownto raisethe ConnectoiRoad;reconfigureits intersection
with Third BeachRoad;raisethe Navy Beach(north) parkinglot; andinstall perviouspavementt
theNavy Beachlot.

The surfaceof the ConnectoiRoadwill beraisedto reduceflooding andicing duringstormsto
federalandstatestandardsNo expansiorof theexistingfill slopeswill beallowed;the maximum
heightof theroadraisingwill belimited by this constraint StormwaterBestManagement
PracticeBMPs)will beinstalledasrequiredfor newroadwok.

Wherethe ConnectoRoadmeetsThird BeachRoad the presentriangleintersectiorwill be
convertedo afi Ty removingthe northleg of thetriangle.Wheretheroadis removedt will be
gradedo existingelevationdo restoredunehabitat,andthe remainingintersectiorreconfiguredo
establisha safethreeway intersectionThis actionwill significantlyreducepavedareaandis not
expectedo requirea BMP.

At theformerNavy Beach(north) parkinglot, the parkinglot will beraisedto reduceflooding and
icing, andperviouspavementvill beinstalled.A BMP is not expectedo beneededlueto the
perviouspavement.

Takentogethertheseroadimprovemengctionswill providesignificantecosystenbenefitsby
reducingrunoff, increasingnfiltr ationandreducingwaterpollution. Theywill enhanceublic
accessaindsafetyby reducingroadflooding andicing, andreducingthe chanceof automobile
accidentsparticularlyattheintersection.

The Servicewill avoidconstructioractivitieson roads parkinglots andmarshesluringthebusy
summerseasor(MemorialDayto LaborDay) in orderto minimizeimpactson publicuseand
accessThe Servicewill consultwith the Town of Middletownto ensureadequateraffic control
duringconstruction.

Engineeing for all of theseroadimprovemenimeasuress currentlyunderwaythroughthe Town
of Middletownto establismewdesignelevationsTheseactionswill be permittedseparatelyo
adhereo all federalrequirements.

The Servicewill conductarchaeologial surveysin areasof grounddisturbanceo complywith
Section106 of the NationalHistoric Preservatiomct.

Action 4: Restoration of Maidford River Outlet



As describedabove a hydraulicrestrictionat the Maidford River outletcauseextendedlooding
periodsonthe marshsurfacethataredetrimentako saltmarshsparrowreproductionThe outletis
crossedy Third BeachRoad,whichis supportedy around6.5foot diameterculvertthatthe
River flows throughattheinland edgeof the beach.The culvertis dated1941andwasfoundby
Grilli andSpaulding(2015)to beundersizedor higherflows; moreoveitthe outletfrequently
closesdueto beachsedimentransporiprocesses

The Serviceexamired potentialoptionsto reducethe hydraulic restrictionandallow for the natual
interchangéetweerbeachstrandhabitatandsaltmarshprocesses

Thefirst optionconsideedwastheinstallationof ariprap-lined channelfrom the existingstructure
to meanlow low water.Consultatiorwith othersandexaminatiorof beachprofile datasuggest
thatthis optionwould not be successfuin preventingblockageof the Maidford channelwith sand,
would degradeaestheticsandcould reducehabitatquality for piping plover. This optiondid not
receie furtheranalysis.

Option2 wasto install approximately800feetof culvertfrom the existingroadcrossingout
underneathhe beachandoutsideof the naturaldepositionarea At theterminus,ariserwould be
installedsothatsandfouling would be prevented.While this optionwould allow sandin the
intertidalzoneto movefreely alongthe shore this type of structurewould likely prevent
movemenbf marinelife into andout of the North Marshunit. This optiondid notreceivefurther
analysis.

A third optionconsideredvasto install along box culvertto thelow waterline, which hasshown
to havemoderatesuccesstasitein Connecticu{WoodsHole Group,2012. Receninformation
suggestshatthis structurehasnot beenmeetingexpectatios, andsimilar to Option 2, it is unclear
whetherthis type of structurewould be effectivein this area.Unlike Option 2, this type of structure
would allow for interchangef marinefauna.

Option4 underconsiderations removalof the existingroadcrossingandundersizedulvertat
Third Beach andto install a bridgespanor bottomlessculvertacrosghe Maidford River outletin
its currentlocation.This optionis believedto havethefollowing benefits:

It will facilitate muchmorerapiddrainingof the saltmarshduringlargestormevents While the
typical beachprofile lies approximatelytwo feetabovethe surfaceof the marsh Jargestormevents
will likely be sufficientto re-openthechannekhouldit becomeblockedatthebeach. This
altermative alsoprovidesfor the maximuminterchangdetweernsandon the beachandmaterial
enteringthe marshsystem Sedimentatiomndtransporiof materialsnto the marsh primarily
duringspringtidesandstormswill allow for naturalsaltmarshsurfaceaccretion.Becausehe
beachprofile is typically higherthanthe saltmarshin a naturaldepositionarea,netsediment
transportwill likely beinto themarsh While saltmarshflooding overtime resultingfrom the
blockageof the channeklongwith gradu& waterinputswould still occur,improvementsn
channeklearingandditch connectionwill abatethisissue.

Thefinal optionconsidereds the no-actionalternative This will resultin continuationof current
conditions:delayeddrainingof the marshduringlargestormeventsplockageof thechannel
duringsmalleventsandgradualfreshwateinputs.Materialtransportbetweerthe beachandthe
marshwill remainlimited. This optiondid notreceivefurtheranalysis.



Figure 7 summarizeshe prosandconsof thevariousoptionsconsideredln consderationof these
factors,the Sewiceis proposingto implementOption 4, andwill moveforwardwith engineering
anddesign.Permittingwill beundertakerwhenengineeringanddesignwork arecomplete.

Fig. 8: Comparison of Alternative s Considered: Maidford River Outlet at Third Beach

Option | Type | Resolves| Resolves| Provides | Provides | Probability
Large Small | for Marine | Sand / of
Storm | Storm/ life Marsh | Effectiveness
Flooding| Gradual | Movement | Transport
flooding
RIPRAP |
1 CHANNEI YES PARTIAL YES YES LOW
800 FT
2 CULVERT YES YES NO NO HIGH
BOX
3 CULVER] YES YES YES NO MOD
4 SPAN YES PARTIAL* YES YES HIGH
5 NO NO NO YES NO LOW
ACTION
*/ Improved channel connections and clearing will remove waters over time.

Action 5: Thin Layer Deposition(TLD)

Theproposedactionwill applyathin layerof sedimento the surfaceof the SouthMarshanda
portionof the North Marshmanagementnits raisingintertidal elevationsn orderto mimic and
augmennaturalaccretionprocessesThis methodhasbeensuccessfullyusedon DelawareBay,
DE, ChesapeakBay, MD, andJamaicaBay, NY, to restoremarshesadverselyaffectedby
acceleratedealevelrise (ACOE 2014;Frameetal. 2006;Frame2007;Wilson 2014).

In the North Marsh,elevationsareinsufficientto supportrobusthigh marshvegetatiordueto rapid
sealevelriseandincreasedvaterimpoundmen{SaveTheBay 2014) In thisarea,TLD will
restorehistoricmarshelevationgelativeto sealevel. In the SouthMarsh,elevationsvere
establishedby alandfill remediatiorandwetlandrestoratiorprojectcompletedn 2002.TLD in
this areais anadaptivemanagemenmneasurdo improvemarshsurfae elevationsestablished
duringtheearlierproject.In bothcasesTLD will re-establisrmarshhabitatresiliencyfor ongoing
seadleveltrendsandotherimpacts.

Targetelevationfor TLD in bothmarshess 2.2to 2.3NAVDS88. Thisis the high endof the
elevationakangefor existingS. patenshabitatin the Maidford marshessdocumentedavith RTK
andvegetatiomnalysis(Appendix 13), andwasselectedo maximizetheresiliencyof therestored
habitatin thefaceof continuedsealevelrise,while maintainingtrue wetlandelevationsand
minimizing the potentialfor invasivespeciesstablishmenivithin restoratiorareasEstablishment
of targetelevationswill requireTLD applicationgangingin thicknessrom zeroto an approximate
maximumonefoot depthplusanamountto accommodateompactionThefinal amountwill, in
partbebasedn aresultof acompactioranalysis currentlybeingundertakenn the NarrowRiver.

In the North Marshmanagementnit the Serviceis proposingo treatapproximatelyl.64acresof
marshwith TLD, while in the SouthMarshthe Servicewill treatapproximatelyl4.9acresGreater
thicknessesndmorematerialwill berequiredin the SouthMarshmanagementnit dueto lower
existingelevationsandlargerareaof treatmentAn estimatedotal of approximately492 cubic



yards(c.y.)will berequiredfor TLD in the North Marsh,andapproximatelyl3,459c.y.in the
SouthMarsh.

Appendix 13 providesthe marshelevationandRTK elevationsmapsandapproximateguantities
describingproposedl'LD treatmentsReferalsoto Appendix 9, showingmodelingresultsof the
Grilli andSpauldng study(2015)

TLD will beappliedwith a gentlecrownon the marshto maintaina minimum 1% slope.This will
allow for adequatelrainageof the marshat low tide andpreventwaterloggingof the soil and
hypersalineconditions. Slopeshetweenl-3% arerecommendedbr establishmenof marsh
vegetationBroomeet al 1988;Copelandl998). Observationsn maturemarsheshowever,
documenslopesof asmuchas10%in thelow marshareasadjacento creekbankswith the high
marshflatteningoutto closerto 1% slope(Niedowski2000).

Wherethereis a high potentialfor Phragmitesestablishmenthe Servicewill setrestoration
elevationsatthelower endof thetargetrange Materialwill be placedto avoidimpoundmenbf
wateron the surfaceof themarshin orderto providethe bestconditionsfor marshvegetation
establishment.

The ServiceexpectgestoredlLD areagdo becolonizedby typical high marshgrassesuchassS.
patens,J. gerardii, andD. spicata WhereTLD applicationthicknesss greaterthanfour inches,
the Servicewill plantnativemarshspeciego accelerateéecoveryandminimizeinvasivespecies
establishmentn theseareaghe Servicewill install plugsof S.alterniflora andD. spicata,planted
in agrid with maximumspacingof 30 inchesbetweerplants Plantingdensitywill beincreasedf
determinechecessarandsufficientplantmaterialis available Plugs of S. alterniflora will be
plantedalongthe channeldo reduceerosiongrom daily tides,beginningat elevationghatwill be
inundatedwith tidal flow onadaily basis,beginningata minimumelevationof 1.3feetand
extendingapproximately20 to 50 feetinto the low marsh to a maximumelevationof 1.9feet.
Plantingwill occurfrom April throughJuneto ensuresstablishmensuccess.

The Servicewill securesourcematerialfor TLD from local quarriesusingsandwith similar grain
sizeto thatwhich occursnaturallyon Third Beach Materialmaybe stockpiledbriefly atthe Third
Beachparkinglot beforeconstructionjn the off seasorandwith permissiorof the Town. The
TLD applicationwill mimic a naturalwashoveiof beachdunematerialon to the marsh,asoccurs
duringlargercoasal storms.The sandmaybe modifiedwith loamor othermodifier with slightly
higherorganiccontent suchasleaf compost(10-25%)to facilitate growth. Excavatednaterial
from drainagerestoratiorwill alsobeusedassourcematerialfor TLD.

Work onthe North Marshwill becompletedduringthe coldestmonthsof winter, 20152016
(NovembertthroughFebruarywhenthe surfaceof the marshis frozen.This areais extremelysoft
andoperationon frozengroundwill preventdamageo the marshsurface The SouthMarsh
managementnit is muchfirmer; thereforerestoratiorwill beginafterLaborDay, 2015,andwill
becompletedby April 1,2016in orderto minimizeimpactson recreationalisesandto avoid
impactsto saltmarshsparrowspiping ploversandothea coastalwildlife.

Action 6: Monitoring

The Servicehasconducteextensivanonitoringof the projectareaandwill continueto doso
throughconstructiorandsiterecovery.Overallmonitoringefforts by the Serviceandother
partnersatthis site,atthe NarrowRiver restoratiorsite (seeUSFWS2014), andat Ninigret Pond
areintendedto complimenteachother.Specificmonitoringparametershoserfor this siteinclude:



Waterlevel loggersto recordwatersurfaceelevationsn tidal channels;
Porewatesalinity measurements;

RTK or laserlevel surveysalongmarshtransectdo trackmarshelevations;
SET (surfaceelevationtable)monitoringto track marshaccretion;
Vegetationspeciecomposition abundanceandcommunitymapping
Vegetationplantheightandstemdensitieso measurebovegroundproduction
(robustnessdf vegetation;

1 Photoplotsto trackvegetatiorchangesandeffectivenes®f invasivescontrol;

1 Nektonspeciecompositionandabundance.

1 Waterquality monitoringbefore,during, andafter storm events.
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4.0 Environmental Consequences
4.1 Salt Marsh Habitats

The proposedactionwill restoreor enhancenorethan37 acresof vegetatedsaltmarshhabitatby
1) restoringsurfacedrainage?) controllinginvasivePhragmites;3) restoringhistoricmarsh
elevationgelativeto tide levels;and3) replantingoncesuitablesurfaceconditionshavebeen
establishedThesemeasuresvill work in concertto restorejmproveor re-establishmorethan
sixteenacresof nativehigh saltmarshhabitat.

Restoratiorof drainageeatureghroughchanneldeepeningindrunneldevelopmentvill reduce
standingwaterareason the marshsurfacewhile reducingii wa t e r |andgngprovingaération
of soils. This actionwill alsocreatebetterflow condiionsthroughoutthe marsh,andallow for
improvedacces®f highertidal flows in the Middle Marsh,while improving drainingduringthe
ebbtide. As shownin Figure 9, clearingof the existingchannelandconnectinghis channelo the
SouthMarshis expectedo increasdlow of saltwateiinto this segmentprimarily from the South
Ma r swatércontrolstructureThis enhancedlow of saltwatemwill aidein the naturalcontrolof
Phragmites

Fig. 9: ExpectedChangesin Water Level in Middle Marsh Unit

Comparison of Water Level and Minimum Channel Depth in the
Turkey Foot Area From , Maidford River Saltmarsh, March 28,
2014 - May 28, 2014
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Thesemeasuresvill promotethe growthandsurvival of nativehigh marshspeciesuchassS.
paters. Treatmenbf the highly aggressivéhragmiteswill providespacdor re-establishmenof
S.patensandothernativemarshgrassesThe combinationof phragnites controlandthe
improvemenin saltwaterflow throughouthe marshwill providefor longtermcontrolof this
invasivespeciesTLD will targetelevationsvhereS. patenss now robustat SachuesPointandis
thereforeexpectedo establishsuitableconditions.Experiencen otherareashasshownthatTLD
thicknessesf lessthan4 inchesshouldallow for survivalof existingS. Patensplants,while
thickerareaswill beplantedto ensurenigh marshre-establishmeni@asdescribecabove Taken
togetheythe proposedactionswill restoreresiliencyto the Maidford saltmarshedy re-
establishindhealthhigh marshhabitatableto withstandongoingsealevel risetrends,occasional
intensecoastalktorms,andothernaturalandanthropogenieampacts.

Removalof the current,undersizedulvertat the Maidford River outletwill allow for therapid
drainageof the marshandreductionof flooding following majorstormevens. During low-flow
periods,mproveddrainagehroughthe channelswill likely limit theincidenceof gradualflooding
causedy baseflows.

Removalof the currentrestrictionwill alsoallow for theimprovedtransporiof sandandsediment
from thebeachandinto the marsh providingmaterialsfor naturalaccretionof the saltmarsh and
allowingit to betterkeeppacewith sealevelrise. Becausef the highernaturalprofile of the beach
ascomparedo the saltmarshsurface a netincreasen materialsbroughtinto themarsh,as
opposedo out of themarsh,is expected.

4 2Wildlife Resources

Theproposedactionis expectedo restorenestinghabitatandreproductivesuccessor saltmarsh
sparrow.Sparrowsarepresenin the projectareabut nestsuccesss low dueto frequentand
extendedlooding of the marshsurface .The projectwill reducethe extentanddurationof marsh
flooding. Increasednarshelevationswill restoreflooding periodstypical of high marshwhile
restoredS. patensandotherhigh marshgrassesvill providesuitablenestinghabitatfor the ground
nestingbirds. Nestsurvivalandreproductivesucces®f saltmarshsparrowss expectedo
improve with positiveimpactson thelocal populationaswell asregionalsurvival of the species.

Dunehabitatadjacento the marshwill beincreasedy removingaroadsegmenatthe
intersectiorof the ConnectoiRoadandThird BeachRoad gradingto the elevationsof adjacent
dunehabitatsandplantingbeachduneplantspeciesn thatarea.

4.3 Marine, Estuarine and Aquatic Resources

Theproposedactionwill haveabeneficialimpacton fish andinvertebratesisingthe Maidford salt
marshesHealthy saltmarshesreafoundationof coastakecasystemsproviding habitatfor key life
stagesf fish andinvertebratesHowever the Maidford River marshesrepresetly degraded,
with limited speciegpresentasnotedby SaveTheBay (2014)andRomanetal. (2002).As aresult
of the proposedaction,someshallowstandingwaterareason the surfaceof the marshwill belost;
howevertheseareof low valueto fish andwildlife, while producinglargemosquitopopulations.
Fishpassagandhabitatconditionsin all portionsof themarshwill beimprovedby deepeninghe
channelandimprovingflushing,allowing fish andinvertebrateso movemorefreelyinto andout
of projectareamovebetweerthe marshunitsandacces$abitatthroughouthe marsh.The
proposedctionis thereforeexpectedo increaseabundancanddiversity of nektonin the project



areawhichwill in turnbenefitpredatorsuchaswadingbirdsandraptors,andlargerfish present
in the SakonneRiver.

Theproposedactionwill haveno significantimpacton shellfish,which arepresenin verylow
numbersn the projectareaasdescribedn Appendix 6. It will havenoimpacton freshwater
speciegpresentn the Maidford River, asit is not affectingthat habitatin anyway. The projectwill
haveno adversampacton salaterfish in the SakonneRiver, ashabitatconditionstherewill not
bealteredin anyway.

Theproposedactionwill haveno adwerseimpacton essentiafish habitat(EFH). Noneof the EFH
speciedistedby NOAA (2015)for the SakonneRiver arepresenin theprojectarea.The
proposedactionwill improvehabitatfor fish andnektonwithin the Maidford marsheswith
beneficialimpactson marineandestuarinespeciesn the SakonneRiver, includingrecreational
andcommerciakpecies.

4.4EndangeredSpecies

The proposedactionwill haveno adversempactson endangeredpeciesPipingplovernesting
areaswill beunaffectedandconstructioroperationswill be haltedwhereappropriateprior to
April 1to avoiddisturbanceo nestingploversfrom constructiomoiseor othersecondarympacts.

4.5Water Quality

Theproposedactionwill helpimprovewaterquality in the project areaby reducingimpervious
surfacejncreasingnfiltration, reducingroadrunoff, andreducingdischargeof roadrelated
pollutantssuchaspetroleumhydrocarbongnto the Maidford River marshesindcoastalWwatersof
the SakonneRiver.

Removalof the existingundersizedulvertandinstallationof alargerspanatthe Maidford River
outletwill allow floodwatersfrom majorstormeventso leavethedrainagemorerapidly, reducing
watertemperaturedyacterialproductionandalgal growth. Channeldeegningandditch clearing
will alsofostermorerapiddrainageof themarsh.

While connectingchanneldetweerthe Middle and SouthMarshunits may causea slightincrease
in interchangeof watersthroughouthe marsh,it is not antid patedthatthis will harmor degrade
waterquality at Third Beach ascomparedvith currentconditions for the following reasons:

1. A largeropeningat the Maidford River outletwill allow morerapiddrainageollowing storms
whenthe highestconcentratiorof pollutantsarepresenin thewater.Howeverthelocationand
timing of this dischargewill beunchanged.

2. As shownby Grilli andSpaulding(2015),the Middle Marshreceives mostof its waterfrom the
watercontrolstructureat the southendof the projectsite,andnot from the Maidford River. Flows
from the Maidford River into the Middle andSouthMarsheswill remainlow, exceptduringmajor
stormeventswhenconditionswill beunchangedrom presentconditions.Enhaaceddrainageand
increasednflows of saltwaterfrom the watercontrolstructureat the southendof therestoration
areawill improvewaterquality in themarshby bringingclean,coolersalinewaterinto the North
Marsh.



3. Restoratiorof the Maidford River outletandinternaldrainagdeatureswill improveflushing,
reduceresidencdimesof waterin the marsh andreducewatertemperaturedeadingto reduced
bacterigproductionin the marshandriver, andreducedexportof bacteriaandotherpollutionto
coastalwaters.

4. Drainagechannelswill be connectednto thelargepoolin the SouthMarsh,whereatlower tides
thewaterwill havea muchbettermixing potential

4.6 Tidal Dynamics

Theproposedactionwill haveno significantimpacton tidal dynamicsin the North andSouth
Marshunits. Within the Middle Marsh,significantimprovemenin tidal rangewill occuron both
thehigh andebbtides,with moresaltwaterenteringthis portion of the systemfrom the water
controlstructureasoppo®dto the Maidford River. Deepeningf marshchannelsand
improvemenbf surfacedrainagewill improveflushinganddrainageof the marshin responsé¢o
tidal cyclesandafter storms;howeverthe overalltidal andflow patternsdescribedy Grilli and
Spating (2015)will beunchangedn the North andSouthMarshunits. Freshwaterinputsfrom
thewatershedvill beunchangedinstallationof the spanatthe Maidford outletwill reduce
drainaggimesof flood flows duringmajorflooding events.

4.7 Public Useand Visitor Safety

Theproposedactionwill improvepublic safety,useandaccessandthe projectis structuredo
avoidnegativeimpactson thesevalues.

Proposednarshdrainagemprovement@andcontrolof Phragmiteswill likely reducemosquito
breedingwhichis currentlyhighin this marsh(SaveThe Bay, 2014).Reductionof smallisolated
surfaceampoundment®n the marshandimprovemenof flushingin marshchannelswill create
unfavorableconditionsfor aquaticmosquitolarvaeandwill increaseredationof larvaeby marsh
nekton.Thisin turn mayhelpreducetheincidenceof potentiallydeadlymosquitebornepathogens
thatareprevalentin Rhodelsland suchasWestNile Virus andEasterrEquineEncephalitis.

Proposedoadimprovementwill improveautomobileandpedestriarsafetyby reducingroad
flooding andicing, andby reconfiguringa very dangerousntersectiorto reducethe probability of
accidentdetweerautomobilesandotherautos cyclistsandpedestriansBy reducingroadand
parking lot flooding, the proposedactionwill improvecoastakecreationahccess.

Reductionof impervioussurfacesandotherBMP installationsrelatedto the proposedoad
improvementswvill reducepollution of coastawaters,includingcoliform bacteriawhichis a
typical constituenf roadrunoff, therebyreducingthe potentialfor waterbornediseasesnd
beachclosuresWaterquality improvementsinderthis proposalaremodestandtherefore while
the Serviceexpectsanincrementalmprovementjt is notexpectedhatthe proposedactionwill
completelypreventthe needfor occasionabeachclosuresat Third Beach.

All constructionwork requiredto implementthe proposedactionwhich could conflict with the
high public useseason including materialstoragewill be undertakerafter LaborDay andbefore
MemorialDayin orderto avoidimpactson public useandaccessluringthe busysummerseason.
Whenconstructions underwaythe Servicewill consultwith the Town of Middletownto ensure
appropriateraffic managemerandcontrols.



4 8Cultural Resouraes

As notedabove the Servicecompletedeviewof proposedirainagamprovementandTLD work
anddeterminedhattheseaspect®f the proposedactionwill haveno significantimpacton cultural
resourcesAlso asnoted,invasivescontrolwork is alreadypermittedandwill havenoimpacton
culturalresourcessit involvesno significantbelow-grounddisturbance.

5.0Coordination and Consultation

In carryingoutthe proposedaction,the Servicewill completecoordinationconsutationand
complianceo meetall state federalandlocal requirementsThesencludethefollowing:

5.1Federal CoastalZone ConsistencyDetermination

The Servicehasconsultedwith the R.I. CoastaResource$lanagemen€Council (RICRMC)
throughouthe projectdevelopmenprocessandhasdeterminedhatthe proposedactionis
consistento the maximumextentpracticablewith the CoastaZoneManagemen#ct of 1972(16
U.S.C. 8814511465).The Servicewill seekconcurrencavith this deterninationfrom RICRMC.

5.2Water Quality Certification

The Servicewill complywith Section401 of thefederalCleanWaterAct (33 U.S.C. 881251
1387) andwill seekWaterQuality Certification(WQC) for the proposedactionfrom theR.I.
Dept.of EnvironmentaManagemenfRIDEM). Portionsof theproposedactionrequiringWQC
areexpectedo bedrainagerestoratiormeasuresTLD androadimprovementsAs the proposed
actiondoesnot entail significantdredgingor alterationof navigablewaters the Servicedoesnot
anticipatea needfor statedredgingpermits;howeverthe Servicewill consultwith RIDEM and
seekapprovalunderthis requirementf needed.

5.3Federal Dredgeand Fill

The Servicewill complywith Section404 of thefederalCleanWaterAct (33 U.S.C. 881251
1387) Sectionl0 of the RiversandHarborsAct (33 U.S.C. 8403), and other applicafdderal
laws regulating dredge and fill activities in waters of the United States, ansbekthpprovalof
theproposedactionfrom theU.S. Army Corpsof EngineergCorps) As the primarypurposeof
the proposedactionis pro-activehabitatrestorationijt is expectedo qualify for Corpsreview
underCategory? of theR.l. GeneralPermit.

5.4EndangeredSpeciesAct

As notedabove the Servicehasreviewedthe proposedactionfor potentialimpactson endangered
speciesspecificallypiping plovers,asregulatedunderthe Endangere®peciesAct (16 U.S.C. 8
1531 et seq.). The Servibasconcludedhatthe proposedadion will haveno significantimpact
on endangeredpeciesthereforeno additionalactionis necessary

5.5 EssentialFish Habitat
As notedabove the Servicehasreviewedthe proposedactionfor potentialimpactson essential

fish habitat(EFH) or man@edspeciesasregulatedunderthe MagnusorStevens Fishery
Conservatiorand Managemerfict (Public Law94-265). The Service hasoncludedhatthe



proposedactionwill haveno significantimpacton EFH; thereforeno additionalactionor
consultations necessatry.

5.6 Cultural Resources

The Servicehasbegunconsultatiorwith the R.I. Historical PresevationandHeritageCommission
andthe Narragansetindian Tribe, andhasdetermiredthatamongthe proposedactions,only the
roadimprovementdavethe potentialto significantlyimpacthistorical or culturalresouces
Pursuanto the NationalHistoric Preservatiom\ct, the Servicewill consultwith theseentitiesand
otherpartiesasappropriatefollowing surveyof theareato Federaktandard, andprior to
implementinghe roadimprovementvork.

5.6Local Requirements

The Servicehascoordinatedvith, andwill continueto coordinatewith the Town of Middletownto
ensurehatall local requirementaremet. The Serviceexpectghatsuchrequirementsvill be
limited to traffic managemengndpermissiorto useTown propertyfor constuctionstagingand
materialsstorageduringthe off-seasorperiodbetweerLabor Day andMemorial Day.

5.7 Existing Permits and Sequencingof Compliance

The Serviceseeksappropriatgpermitsat thistime for all actions butrecognizeshatpermiting
roadwaychangesincludingreplacemenof the existing Third BeachRoadcrossingwith a spanor
openbottomarch,andcompletionof theroadandparkinglot improvementsmaynot be possible
until engineeringlesignsandtimetablesare developedor theseactions.

5.8 Additional Requirements

The Servicewill complywith anyadditionalrequirement®r coordinatiomneedghatareidentified
duringthe planning,regulatoryor implementatiorprocessPrivatelandownempermissiorwill be
requiredfor actionsproposedn Town of MiddletownandNormanBird Sanctuaryproperties.
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Appendix 1
Sachuest NWR Maidford River Resiliency Project - Proposed Actions
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Appendix 2
Sachuest NWR Maidford River Resiliency Project - Cover Type Map
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Appendix 3

Secton Mar:_b_ Unit Cover Type m:s Porign_
North Marsh N2 ? .03 1.5%
North Marsh N1 DS 0.8 S.9%
North Mash Ni INT ALT ¢.05 36%
Rorth Marsh NI VA 0.04 3.0%
North Marsh N1 Panne 0.0 o
North Marsh N1 Patens 039 258%
Korth Marsh N Pocl o 2.0%
North Marsh N roads and other uptand 0.46 30.5%
North Marsh N1 SEALY 0.20 200%
North Marsh N Transtion Zona PAT / ALT Mix 0.10 6%

[ toal 1.1
Korth Marsh N2 VA .03 3.4%
Horth Marsh N2 Panne 0.00 0.6%
North Marsh N2 Patens 0.00 0.6%
North Marsh N2 Phragmites 0.0z 25%
North Marsh N2 roads and other uplsnd 0.75 86.4%
North Marsh N2 SFALT 0.05 6.3%
N2 total 0.87
North Marsh N3 ? 0.6 8.5%
Rarth Marsh N2 DS 018 5.5%
Korth Marsh N3 WA .18 97N
Rorth Marsh N3 Jun 010 53%
North Marsh N3 Mix {Dis, 5. Akeenélors, S. Paters) 014 76%
North Marsh N2 Famna 020 5.6%
North Marsh N2 Patens 0.10 S2%
North Marsh N3 Phragmites 0.05 26%
North Marsh N3 roads and other uptand 022 11.5%
North Marsh N3 SFALT 058 3L4%
Rarth Marsh N2 I’ra_n_aioa Zone PAT / ALT Mix 0.05 2.5%
N2 toRal 1.5
North Marsh N4 ? 063 a4
North Marsh N4 oS 0.18 2.4%
North Marsh N4 INTALT 024 1.9%
North Marsh N4 WA 1.00 13.5%
North Marsh N4 JUR .72 9.7%
North Marsh N4 Mix (Dks, S, Akernflon, §. Patens) 2.5 33.8%
Rorth Marsh N4 Phragmites 0.5 T.9%
North Marsh N& Pool G.04 0.5%
Rorth Marsh R4 roads and other upland ¢15 2.5%
North Marsh N4 SFALT 1.25 167%
North Marsh N& Transition Zone PAT / ALT Mix 0.20 2.7
N4 Toral 7.47
Middle tarsh [ 7 034 % |
Middia Marsh M1 DS 0.2 4.6%
NMiddle Marsh N1 VA 038 150%
Middle Marsh M1 Jun ©.00 0%
Middie Msrsh M1 Patens 0.3 14.2%
Middle Marsh M1 Phragmites .70 74K
Middle Marsh M1 Pacl 012 3%
Middle Msrsh M1 roads and other uptand 0.50. 19.6%
Middls Marsh M1 SEALY ¢.20 T.8%
Middile Marsh M1 Transition Zone PAT/ALTMix .01 03%
M1 total 2.5¢
Middis Marsh M2 ? 011 2.5%
Middke Marsh M2 055 0.05 1.3%
Middle Marsh M2 JUN o. 0.4%
Midcke Marsh N2 Panne o o3%
Middle Marsh M2 Patans 028 6.3%
Middie Marsh M2 Phragmites 2.5 ST.TH
Middis Marsh M2 Pocl 0.08 1.8%
NMiddle Marsh M2 roads and other uptand 111 254%
Middie Marsh M2 SEALY 0198 43%
Middle Marsh M2 Transition Zone PAT / ALT Mix 0.01 0.3%
M2 Toral 438




Soven Marsh S CIOE TN |
‘Saush Marsh §1 [V Y 38%
-South Marsh 51 INTALT o2 282%
South Marsh §1 WA 00 13%
“South Marsh 51 JUR 0.00 03%
Sauth Marsh (51 Mud Fat 020 258%
South Marsh 51 Ptans 0.00 0.6%
South Marsh s1 Phragmites om 1.8%
“South Marsh S1 roads and ather upland 022 20T
Sach Marsh 51 SEALT 008 81%
51 total  0.78
South Marsh 52 Bare 0.20 1L7H
Sawzh Marsh 52 INTALY 032 18.8%
Sauth Marsh 52 JUN 0.00 0.0%
South Marsh 52 MudFlat 068 a02%
Saueh Marsh 53 fatens  0.00 01%
South Marsh s2 roads and ather upland 032 191%
South Marsh 52 SEALT 047 101%
SZ total 1.70 =
South Marsh 53 ? 016 33%
South Marsh 53 Bare 0.81 16.9%
- South Marsh 53 o5 om 02%
South Marsh 3 INTALT 1.5 321%
South Marsh 2 JuN 000 0.0%
Sauth Marsh 3 MudFlst 047 3.6%
South Marsh 3 Patens 0.0 0%
South Marsh ) Phragmites 0.8 1.8%
South Marsh S roads and other uptand 142 206%
Soueh Marsh S Salicarnia 003 06%
Soueh Marsh £ SEAT 0% 11.8% |
5} tohal_ 478 =0
South Marsh () 7 0@ 0.6%
‘South Marsh 54 Bare €10 3.6%
Sauth Marsh s4 0B 008 2%
South Marsh 54 INTALT  0.51 185%
South Marsh 54 Mix INT ALT & Salicarnia o2 A%
Sauth Marsh s4 Nud Flst 0.44 159%
Souah Marsh 54 Posl  0.05 1.5%
South Marsh 54 roads and other upland 0.49 17.58%
South Marsh 54 Salicornia o 33.7%
Saueh Marsh 56 SE ALY 0.08 16%
54 total 2.78



South Marsh 55 ? 0.0 1.3%
Sauth Marsh 55 Bare .08 0.5%
-Soueh Marsh 55 oS 0.05 1.4%.
South Marsh S5 INTALT 0.66 17.0%
“South Marsh 55 . ; Jun .00 0.0%
Sauth Marsh S5 Mix INT ALT & Salicorma 03 a.4%
South Marsh 55 Mud Flst 09 24.1%
South Marsh 55 Patens om 03%
Sauth Marsh 5 Phragmites  0.02 0.7%
Sauth Marsh 55 ; Pacl 0.21 7.9%
South Marsh 55 roads and other upland 1.26 32.3%
South Marsh 55 Saliwornia 017 a4.5%
Sowh Marsh 55 SEALY 0.05 1.5%
55 total 3.8
South Marsh 5% ? .00 0%
Sowh Marsh 5 Bare 015 58%
Sowh Marsh % s 0.05 2.4%
South Marsh S INTALT 0.51 193%
Soueh Marsh 6 JUN .00 01%
Sawh Marsh 3 Mud Flat 0.78 29.2%
South Marsh % Patens o.m 0.3%
Soueh Marsh 55 Phragmites 013 4.8%
Sowth Marsh % roads and other upland 0.5 186%
South Marsh 5% SFALT 0.52 19.4%
56 toral 2.67
none none ? o.01 CECR
none nane Bare 0.00 0.0%
none rone (253 o.00 0.0%
none nane INT ALY 0.0¢ 0%
none none WA 018 1.0%
none none Jun 0.0 0.1%
none none Mix (Dis, 5. Aeeniflors, S, Patens) ¢.00 0.0%
none nane Mix INT ALT & Salicarnia 0.00 0.0%
none none Mud Flat 0.05 0.3%
none none Patens o0 0.0%
none none Phragmites 118 6.9%
none none roads and other uptand 1558 2%
none none Salicornia .00 0.0%
none none SFALT 0.0 0%
none total 17.08




Section Cower Type  ACres Parcent
— ——
North Marsh ? 081 5.9%
North Marsh DIS 045 3.9%
Noeth Marsh INT ALT Q19 16%
North Marsh IVA 126 10.8%
North Marsh Jun 0.8z 7.0%
Nonh Marsh Mix {Dis, 5, Alteraifiora, S. Patens} 267 22.8%
North Marsh Panne 012 1.0%
Nosth Massh Patens 049 4.2%
North Marsh Phragmites as? 5%
Noeth Marsh Pool 0407 0.6%
North Marsh roadsand other upland 162 13.8%
North Marsh SFALYT 219 187%
| Rorth Marsh Transition Zome PAT/ AT Mix 035 30% |
North Marsh total 1170
Midche Marsh ? 025 2.6%
Middle Marsh oI5 017 2.4%
Middle Barsh VA 038 5.5%
Middle Marsh Jure (1¥473 0.3%
Middle Marsh Panne 001 0.2%
Middle Marsh Fatens 054 9.2%
Middis Marsh Phragmites ian 45.6%
Middie Marsh Pool 021 31%
Middia Marsh rosds and other uplsnd 161 233%
Middle Marsh SFALT 038 5.6%
Middie Marsh Transition Zooe PAT / ALT Mix 062 Q.5%
Middle Marsh total 692
SouRR Marsh 7 022 1% |
South Massh Bare 131 7.9%
South Marsh bis o 1.3%
Soush Marsh INT ALT 376 227%
Sawh Marsh VA  am 0.1%
South Marsh N 00l 0.0%
Sauth Marsh Mix INT ALT & Selcomia 044 2.7%
Sowsh Marsh Mud Flat £ %21 19.4%
South Marsh Patens 005 02%
Saush Marsh Phagmees 026 1.%
South Marsh Pool 035 22%
Sauth Marsh roadsand otherupland 420 253%
South Marsh Salcornis 114 6.9%
South Marsh SFALT 142 5.6%
South Marsh total 16_.59
none T om 0.1%
none Bsre Q00 0.0%
none oIS 000 0.0%
none INT ALT 0.04 0.2%
none VA 018 1.0%
none Juk 001 0.1%
none Mix {Dis, 5, Aternifiors, 5 Patens} 000 0.0%
none Mix INT ALT & Salcomi 0.00 0.0%
none Mod Flat Q05 0.3%
none Patens 001 a.0%
none Phragmies 118 6.9%
none roadsand ather upland 1558 91.2%
none Sefcomis 000 0.0%
none SFALT 001 0,1%
none total 1709




Appendix 4
Sachuest NWR Maidford River Resiliency Project - North Marsh RTK
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Sachuest NWR Maidford River Resiliency Project - Middle Marsh RTK
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Sachuest NWR Maidford River Resiliency Project - South Marsh RTK
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Appendix 5

SachuesPointNationalWildlife Refuge:NektonSummary

Nektons(free swimmingfishesandcrustaceang)lay anintegralrole in the saltmarstecosystem.
Theymakeup largeportionsof the dietsof manyspecieof marshbirds,mammalsand
economicallyaluablefish speciesFurthermorebecaus¢heylink primaryproducersand
predatorghatarehigherup onthefood chain,nektonsarehighly integratedwithin the estuarine
ecosystenandmayserveaseffectiveindicatorsto documenthange®ccurringin saltmarshes
overtime.

TheServiceinitiatedalong-termnektonmonitoringprogrambeginningin 2012in orderto
evaluatechangesn nektoncommunitieovertime, andto betterunderstandheinteractons
betweemektonandthe dynamicestuarineenvironmentFor samplingpurposesthesaltmarsh
habitatat SachuesPointNWR wasdividedinto two units,the Maidford MarshUnit (established
in 2012),andthe RestoredVlarshUnit (establishedn 2014).Within eachunit, nektonsare
surveyedalongmarshcreeksgditchesandpoolsat 20 randomlychoseriocations(Figurel).

Elevenspecief nektonsveredocumentedbetweerthe Maidford Marshandthe Restored
MarshUnitsin 2012and2014,respectivelyTablel). Themostcommonlyfoundspeciesvere
Mummichog(Fundulusheteroclitus) grassshrimp(Palaemonetepugio), sheepsheaahinnow
(Cyprinodornvariegatus) andEuropearGreenCrab(Carcinusmaenas)Figure2 and3). Nekton
densityandspeciesichnessverebothlower in the Maidford MarshUnit thanin the Restored
MarshUnit (Figure3 and4).



Figurel. Nektonsamplinglocationsat SachuesPointNWR. The Maidford MarshUnit was
establishedn 2012,andthe RestoredVarshUnit wasestablishean 2014.



