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MONITORING PROTOCOL INTRODUC

MONITORIN@ROTOCOINTRODUCTION

Livingshorelinesare naturebased coastal protection strategidsat provideerosion
control and water quality benefits; protects, restores or enhances natural shoreline habitat; and
maintains coastal processes through the strategic placement of plants, stone, saartffill,
other structural and organic material@hile preserving the natural continuity of the lamchter
interface Inthe Chesapeake Bay, living shorelines oftentidad wetlandvegetation and may
incorporatenearshoreengineeredstructures such as a rock sill or oyster restfuctureto
facilitate the establishment of a newly planted marsh or to protect the edge of an existing
marsh.Living Shorelinesave increased in use and acceptance in recent yearsevéh
broadeningapplications

Monitoring provides information about howell a living shorelingéechniqueworks to
achieveprotection and ecosystergoals.Living shoreline benefits evolve over time by
leveraging natural processes for less erosion, nitrogen load reduction, andsghaces. Key
indicators of living shoreline performance are related to these physical and biological processes
andreflectthe level ofshore protection and ecosystem function

Thismanualdetails low-cost, accessible monitoring protocofsr living shordines. The
collection of standardized monitoring data will strengthen our understanding of the
effectiveness of these projectsr shore protection and ecosystebenefitsin different settings
and for varied designdhis guidance can be used by the lishgreline community to ensure
installedprojects meet both ecological angdrotection goals Applying the protocols through
the use of the companioshoreWatch App allows for the data to beasilyand consistently
collectedandthen viewed orexported via an onlingiving Shoreline Monitoring Data
Dashboardn easyto-understand performance metrics.

For additional guidancand a walkthrough of theshoreWatch App, referenceAppendixA of
this manual Website (conmngsoon).
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PREMONITORIN@LANNING

PLANYOURVISIT

Monitoring the same sites over timafter constructionallowsfor the impact of living
shorelines to bemore accuratelyevaluated Routine manitoring will facilitate understanding
whetherthe living shoreline iperformingasplanned and providing the expected benefits
To compare data from the same site, it is important to keep data collectomsistent
amongdata collectorsand ensurghat measurements and observationsoth qualitative and
guantitative,are madein the same way as past site visits.

Annual monitoring is encouraged at a minimurithe optimal time for plant and oyster
measurements is between June and Septeml{€rg 1) The marsh vegetatiomill be in
peak productionand newly settled oysters will be at the end of their growing season

Figure 1. Visual of marsh plants at living shoreline sites in the summer versus the fall.

DETERMINE MONITORIM®ALS

ShoreWatch provies the ability to collect data on numerous aspects of living shoreline
projects. It would besfit users to consider what their goals for monitoriage before using
ShoreWatclso they can focus othe metrics that are importanto their outcomes.

Monitoring Living Shorelines with ShoreWatch can be categorized into two tiers:

Tier I- Rapid Monitoring:captures broad visual assessments vihlg shoreline components
to track trends of living shoreline projects. Thagelitativemetrics include observations
about percent cover of vegetation in the marsh to assess marsh establishment, and
surveying the integrityf structures to determine whether maintenanceaynbe required.
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Tier 11- Advanced Monitoring:provides the ability to capture more detailed quantitative
dataabout living shoreline components suchtag distribution of plant species in the
marsh, and the density of oysters on structare

Reviewing these protocols and determining whadpects ofmonitoring are most beneficial
to your needs will allow you to useake the most efficient use of monitoring with
ShoreWatch.

Reviewing the monitoring protocol manual and terminolpgnd deternining which aspects
of monitoring are most beneficial to yogioals,prior to a site visit will help equip monitors
to comprehend and implement the protocol in the field more effectively

Figure2 provides a snapshot of the element$ ShoreWatch and the information they
provided.

Living Information
Shoreline Data Collected Provided
Component
Tier | - Rapid Tier Il — Advanced
Structures Structural Integrity, Areal extent of Possible maintenance needs,
Presence of oysters, structure, Bivalve establishment
Percent Qyster Cover Density of oysters
Marsh Areas of marsh plantings, | Vegetation species Marsh establishment,
Percent vegetation cover, | distribution Ecosystem services
Presence of key fauna
Bank General bank conditions, | Measured height and Potential for marsh
Condition Height and slope ranges slope of bank, migration,
Tree/shrub counts Ecosystem services
Overall Fixed photos, Observable living shoreline
Potential problem areas changes,
Possible maintenance needs

Figure2: Monitoring Tiers andnformation provided in ShoreWatch.

KNOWTHE TIDE

It is important to check the tides before going out in the fighites should benonitored at
or within hours oflow tide when shoreline features are exposelhe nearest ti@ station toa
monitoring sitecan be locatedisingCCOPS Map NOAA Tides & CurreniRredicted tide
stagesmay vary slightlpnline compared to irthe field.



https://tidesandcurrents.noaa.gov/map/index.html?type=TidePredictions&region=
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MONITORING SAFETY

It is important to keep safety in mind while monitoring

T
)l

= =4 4 2

Monitoring should be done in pairs groups, never alone.

Check the weather forecast for the planned site visit time before going out in the field.
o When at the site, if the weather begins to take a turn for the worst, especially if

you hear thunder, leave the site immediately.

Please do noivalk along the top of a living shoreline structure, as it may be slippery and

lead to a fall or injury.

While at the site, be aware of the terrain, whether it be rocky or muddy, as well as the

presence of oyster shells. Oysterefisare sharp and carrydeteria. If cut by a shell, use

a first aid kit toommediatelyclean and disinfect the woun&eek medical attention

immediately if any signs of infection develop.

Pack more than enough drinking water.

Bring sunscreen and bug spray or wear UPF and inspetlent clothing.

Always wear closetbed shoes while monitoring.

During warmer months, it is recommended to wear lightweight clothing and a hat for

protection from the sunDuring cooler months, dress in layers, as there is a higher wind

chill by the waer.

Packa bag with a dry change of clothing in case it is needed



PREMONITORING PLANNIN

EQUIPMENT LISTS

Much of the necessary equipme(fig3) is affordable and can be purchased from most
hardware stores.

Setting markers (bamboo poles, etc.) for monitormgposes can helmonitoring groups
return to the correct locations each time. Check with the property owner befioséalling
temporary or permanent markerf®r monitoring purposes.

NecessaryieldEquipment

Bamboo Polé€'s PVC Poles, or Tomato Stak Rubber Mallet or Hammer
100 m Tape Measurdwaterproof is ideal) Marking of Flagging Tape
Meter Stick Cruz Angle
Phone or TabletGPS enabled) Sampling Plofs
GPS Survey To@lg., Bad [Efrom VIMS)

1. Bamboo is a natural material that can be hidden in the marsh but may toelee replaced periodically.

2. 5 stakes per transect (1 required every 30 (0@ ft), with a max of 10 transects, per living shoreline
treatment.

3. GPS Survey Tamhd Phone/Tableare connected vidBluetoothfor increasedGPSaccuracy(Fig4). GPS
Survey Tool should be turned on upon arrival at site to allow fneonnection to satellites.

4. One sample plot may be used repetitivaljore than one can speed wgampling plot dataallection. The
recommendedsize to use is a 0.25%mlot. Other plot sizes may also be used.

Apps to Install on Phone or Tablet
ArcGIS Field Maps App ArcGIS Surveyl123p
Inclinometer Apge.g., Bubble Level) Plant ID Apge.g., Seek)

AdditionalRecommended Equipment

Waterproof Boots&/or Waders Binoculars
Sunscreen First Aid Kit
Drinking Water Calipergfor oyster measures)
Portable Charger and Charging Cord UPF/Insect Repellent Clothes, Hat, Sungla:

1. Itis highly recommended to bringpmrtable charger and charging coMVhen usingGPS, phone or tablet
batteries may draimore rapidly than normalA devicemay be chargeéh a vehiclebut it is most
efficient to use a portable charger to continfieldwork whenthe battery getslow. Battery may be saved
by turning off the Bluetooth connection when not creating GBI&ted features.
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Fig4. Use of a tablet and GPS survey tool
connected via Bluetooth for increased accuracy.
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SHORWATCH APFIRST STEPS

More detailed app setip instructions can be found in Appenéix

Any device used for monitoring through the
ShoreWatch App needs to be GPS and
Bluetooth enabled. A Bluetooth connection i
used to link to an external GPS survey tool,
such as Bad Elf, for enhanced accuracy.

ArcGIS Field Magspp & ArcGIS Survey123
Appmust be downloaded to use the
ShoreWatch App (Fig5). FieldMapsis used Fig5. ArcGIS Survey123 and ArcGIS Field
to delineate and geolocatelementsof living ~ MapsApps

shoreline projects for monitoring. Surveyl12z ArcGIS Field MapsApps on GooglPlay
is integrated intoHeld Maps toprovide forms
for data collection

ArcGIS Survey123\pps on Google Play

These apps must then be signetbiising the CCRMrovided username and password.

Once both apps are downloaded and signed in, follow the steps below to set up the device and

app for monitoring:

1 Setthe measurement units in Field Maps to Metric

1 Change the default GPS accuracy from 30.ft44 m) to 3 m to ensuradequate
location data

1 Learnhowto turn snapping on and off. Snapping automatically connects a point to
another point or vertex of previously created featur@gich may cause a point to be

created away from the desired locatioHowever, there may be instances, such as low

and high marsh zones that share a border, where snapping is useful.
1 Open ArcGIS Field Mapsd selecthe ShoreWatch MapThis is the map that will be
used to download offline maps, create features, atlect data during monitoring

¢ /fA0]1 GKS o R2Ga G2 dfobtiembsRupta-tated\ppo S F 2 NB

version When using the App for the first time, reload map will not appsarselect the
current map.

Note: Instructions in this manual are basedthe use of an Apple devicand Bad E Unit.

There may be minor differences if usiaglifferent brand (i.e., clicking a submit button or a

checkmarlx.

Y 2


https://play.google.com/store/apps/details?id=com.esri.fieldmaps
https://play.google.com/store/apps/details?id=com.esri.survey123
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INITIAL SITE SEHPAND MONITORING

An initial site set-up must be conducted before routinenonitoring data are collectedThe
purpose of the initiakite setupisto create a Monitoring Site where routine monitoring visits
can be madeThis includes onrBme delineations of the site and living shoreline components
(e.g., structureand marsh zones) and marking locations fosutine data collectionOncea
Monitoring Sitehas been set upnd features have been delineatedata can be quickly
collected from the same locationse track changes over time.

Setting up the sitand creating featurefor monitoringonly needs to be done once; however,
there may becircumstancesvhere this section needs to be referred to during a routine
monitoring visit, such as when delineating ne\irig)planted areasFor more detailed, stepy-
step ShoreWatch App instructions for the initial setip site visit, refer to Appendix A.

IMPORTANT TERMS

Living Shoreline TreatmenA type of naturebased shoreline protection. Multiple treatments may
be applied along a long reach of shoreline. For example, Treatméfarsh with Rock Sill;
Treatment 2: Marsh with Oyster Structur

Delineate To outline or mark the boundary of a particular amracomponent.
Polygon A feature ceated in theShoreWatch Appy delineating an area of interest.

Monitoring Site The spatial extent within which monitoring will occur. Represented by a polygo
the ShoreWatch Applelineated by a user.

Transect A line that bisects the site from the water or nearshore structure through the riparian :
to capture the intertidabind different vegetation zones (e.g., the low marsh and high maitsh).
used as a guide for establishing plot locations.

Plot: A defined sample area to collect data. For this protocol, 0.2§uadrat plots are used for
measuring marsh vegetation and oyster density and 12.6iraular plots are used to measure
riparian vegetation.
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RECOMENDED INITIAL SEJP AND MONITORING

Below is a recommaded order forsetting up the site and collecting monitoring daféhis list may be

T21t268R Ay | RAFFSNByd 2NRSNIo6FasSR 2y | INRILIQA

follow this order as certain delineations must be done befdieecs (i.e., Monitoring Site must be
created to delineate any other feature). Detailed guidance for the initial siteigdollows this
suggested order.

1)
2)
3)
4)
5)
6)

7

8)

9)

Delineate Monitoring Site &tart a Monitoring Event

Establish Survey RefemenPoints

Establish Fixed Photo Statiengake photos that capture the Monitoring Site
throughout time.

Delineate Living Shoreline Treatmeni(@hin the Monitoring Site.

Indicate Tide Stagehile monitoring each living shoreline treatment.
DelineateEach Structur& Record Structur®bservationsvithin each Living Shorelin
Treatment.

Advanced MonitoringEstablish Structure Plot PoidtRecord Structure and Oyster
Measuredor each structure within a Living Shoreline Treatment to easily record
structure and oyster plot measures at the same location during each monitoring
event.

Delineate Planted Areas & Record Planting Informéisspciated with project
installation or relanting)for each marsh vegetation zone within a Living Shoreline
Treatment

Delineate Marsh Vegetation Zor&®Record Marsh Zone Observatiémseach Living
Shoreline Treatment. Marsh vegetation zones include low marsh and high mars

10) Advanced MonitoringEstablish Transects and Marsh/RipariansiR@adRecord Plot

Measurementsvithin each Living Shoreline Treatment to easily record marsh
vegetation measures at the same location during each monitoring event.

11)Record Upland Bank Conditiaher general conditions @hrough Specific Bank

Points (Advance Monitoring)

12)EstablislErosion and Other Problem Area Points &iRkPotential Problem

Information

13)Record Grazing Exclusion Status
14)Record Wildlife Observations
15)Delineate Length of Shoreline Protected by Living Shoreline Treatneniis)

Monitoring Site.
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1. MONITORING SITE

The first step of monitoring site characterization is to outline the area of the site to be
monitored. All data collected during monitoring will be linked to the monitoring site. At the
Monitoring Site level, users can also create a GPS point for any survey reference points used in
project construction and establish fixed photo stations to document prajbeinges over time.

Monitoring Site The spatial extent within which monitoring will occur. Represented by a polygol
the ShoreWatch Applelineated by a user.

Delineate To outline or mark the boundary of a particular area.

Polygon A feature ceated in theShoreWatch Appy delineatirg an area of interest.

SETUP: DELINEATE MMOTORING SITE

/Click oto create New Monitoring Site =p \

Click QLLERZIINS Create points delineating the boundary of the new Monitoring Site D —_—

Enter Site Information, Site Contact, Access When finished, Click Submit (i n

Information & Project Goals (Note: Monitoring Site upper right- hand corner of app)
Name is required)

o /

Theoutline of theMonitoring Site shouldbe drawn generously to encompass the shoreline,
upland, and shallows to ensure that all data collected is captured within the bounds of the site.

1 IntheShoreWatch App, create a polygon by adding

points that outline the Monitoring Sité~ig6)
o The Monitoring Site polygon should encompass REMINDER
the living shoreline structure, marsh area, and

upland features, and some of the surrounding Turn on your GPS Surv

area to ensure the site is fully captured. Tool to allow enough
o Parcel boundaries may provide guidance to time (~15 minutes) to

outline the Monitoring Site connect to surrounding

satellites
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Legend
D Monitoring Site

Figure6. ShoreWatch App view of delineated monitoring site.

9 Fill out Site Informatiorte.g., Monitoring Site Name, Land Use, Owner Type)
0 Monitoring Site Name is requiregiThe name is up to the user, but tl¥&oreWatch
App will not allow for duplicate names
1 Fill out Site Contact and Access Information
1 Fill out Project Goalg.g., Erosion Control, Flood Mitigation)
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MONITORING: MONITORG EVENT

[Select Monitoring SiteD—b s |==» Click \/ to save J

Monitoring Events link all of the data collected while monitoring by the date the idata

collected, providing the ability to trackanges over timelnformation in Monitoring Event

formsincludesi KS a2y AdG2NRa bl YSY ! FFAEALGAZ2Y YR [ 2Y
to keep track of all of their sites monitored with ShoreWatch.

TYPES OF MONITORING EVENTS

AsBuilt Monitoring: The 'or initial routine monitoring event, ideally within 1 year after the living
shoreline project installationA monitoring event to assess whether a living shoreline was installe
as planned or permitted and is becoming established.

Rapd Monitoring - LongTernt Broad observationahonitoringof a completed living shoreline
project. This may be done once or multiple times a y&atimal annual monitoring timeframes are
between June and September.

Advanced Monitoring- Long TermDetailed quantitaive measurements of a completed living
shoreline projectThis may be done once or multiple times a y&3ptimal annual monitoring
timeframes are between June and September.

PostStorm Monitoring Amonitoring event of a completed living shoreline project following a
significant storm event during any time of the year.

1 Selectype of Monitoring Event
1 Fill in theMonitoring Eventnformation
o If a PostStorm Monitoring Event, recorgiformation about theStorm its impacts,
and resultingWrackline(Fig 7)

Fig7. Wrack linesA band of
accumulated herbaceous dead
plants, large woody debris,
trash, or othematerial left
behind after a high tide or flood
recedes
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SitePerformance Measures

Living Shoreline Measure What the measure indicates Data Output
Site:Y/N/MUncertain Tidal
Need for further flooding,Excessive rairtrong
Storm impacts assessment/maintenance winds,Debris damage
Site In the low marshin the
Position of the highest wrack high marsh|n the riparian
line after storm Extreme water levels zone

2. SURVEY REFERENCHEIPSI

Click Submit
when finished

[ Select Monitoring Site[l = (97 Survey Reference Point Add

Survey Reference Points, if available from the construction phase, can be recorded in the app
for future reference.

1 Add and name Survey Reference Points
o Notes field to describe further

3. FIXED PHOTO STATIONS

Fixed photos document visual changes by carg photos of the same area at different

points in time. Photos should capture as much of the Living Shoreline Treatment(s) as possible
to illustrate how a particular project site matureBhe number and location of fixed photo
stationsare project-specfic based on the project size, shape, and numbdriaihg Shoreline
Treatments Small sites may ontgquire one fixed photo pointocated for example, oran

existing pier looking back at the entire living shoreline project area. Larger, more compkex sit
may need multiple fixed photo points.

Photos at fixed photo stations/locations should be taken at least once a year during late
summer when maximum vegetation growth is visible. It is also useful to have an additional
photo taken during early spring prior to plant growth. Taking multiple peakwoughout the

year will help capture seasonal changes in vegetation. Photos taken during different tide stages
or weather conditions may impact how well the photos can be comparakiea photo at the
appropriate photo statiofs)before the vegetationd affected by monitoring access and foot

traffic.
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SETUP: ESTABLISHXEHD PHOTO STATION(S)

Select Monitoring Site | | =» (& Photo Stations/Points =
Locate Photo Station == Photo Station Name, Notes ==

Click Submit to save

1 IntheShoreWatch App, create fixed photo stations by addipfoto stationpoints at
locations where photos will be consistently taken during routine monitoiig8)

1 Provide the Photo Station point(s) with a name and add any descriptions/notes that may
help future users take similar photos

Legend
[ Monitoring Site

Photo Stations/Points

Figure8. ShoreWatch App viewncluding a fixed photo station point.
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MONITORING: PHOTO SBBRVATIONS

Select Monitoring Site |:|—>

& |Photo Stations/Paints = ﬁ Select Photo Station ==p - =P Click \/ to save

1 Take photos (landscape orientation) of thnitoring Site at fixed photo statior(&ig9)
0 Select photo station point(sh the ShoreWatch App
0 Reviewpast photosor notes to take a similar phot@®efer to Appendix)A
A If there are no notes, be sure to include notes for future users

Fig9. Fixed photo station and photo takerThe fixed photo station at this Monitoring Site
a large rock that is easy to locate for photos during a routine monitoring event. From th

point, the majority of the Living Shoreline Treatméktarsh with Rock 8ils captured.

SitePerformance Measures
Living Shoreline Measure What the measure indicates Data Output

Project changes over time or in
Fixed location Photo(s) response to storm events Site Image(s) (jpg)
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4. LIVING SHORELINE ARMENT

At the Living Shoreline Treatment level, users will outline the area of the Living Shoreline
Treatment(s) to be monitored, trace the length of each structure providing shoreline
protection, establishocationsfor fixed sampling of structure integrity amyster growth,

outline any planted marsh to document the amount of newly created marsh, outline the area of
each marsh vegetation zone including existing and planted marsh, and establish plot locations
for fixed sampling in the marsh and riparian zone.

In many instances, themill be only a singldiving shorelindreatment (e.g.,Marsh with Rock
Sil), but for thoseshorelineswith multiple treatments(e.g., a shoreline reach treated with
Marsh with Rock Sill and a Marelith Oyster Structure)he stepsare followed separately for
each treatment so that the performance on the individiiging shorelingreatments can be
assessed. This monitoring protocol is suitable for living shorelines that incorporate marsh
vegetationand/or oysters.

Living Shorelin€LS)Treatment A type of naturebased shoreline protection. Multiple treatments
may be applied along a long reach of shoreline. For example, Treatment 1: Marsh with Rock S
Treatment 2: Marsh with Oyster Structure.

Living Shorelindreatment Types

Marsh with Rock SillPlanted or existing marsh with fronting rock sill structure.
Marsh with Oyster StructurePlanted or existing marsh with fronting oyster reef structure.

Marsh with Coir Log Planted or existing marshith one or morecoir logs fronting or within the
marsh.

Marsh with Mixed TreatmentsPlanted or existing marsh with multiple fronting structures (e.g., ¢
logs and bagged oyster shell).

Beach with BreakwaterNourished or existing beach witiiffshorebreakwater.Note: hese
monitoring protocols are most applicable to a vegetated living shoreline treatment. The Beach !
Breakwater is included for monitoring those projects that include marsh vegetation plantings or
had marsh plant colonization

Marsh: Planted marstwith no fronting structure.
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SETUP:DELINEATE LIVINGGRELINE TREATMENT(S)

[Select Monitoring Site =iz Select type: \
Marsh with Rock Sill
e . - Marsh with Oyster Structure
& Living Shoreline Treatment on Site == m Marsh with Coir Log
Marsh with Mixed Treatment
IGLReia Delineate Treatment Area s Beach with Breakwater
Marsh
KComplete fields for the Treatment Area == Click Submit to save /

1 IntheShoreWatch App, create a Living Shoreline Treatment polygon by indicating the Living
Shoreline Treatment typandthen adding points that outline the Living Shoreline
Treatment(Fig10)

O Indicate the type of Living Shoreline

Treatment Orsite(SeeAppendix @r pictures
and detailed definitions) IMPORTANT

A Note: These monitoring protocols are most
applicable to a vegetated living shoreline Always make sure the
treatment. The Beach wittr@kwater is Monitoring Site is selectec
included for monitoring those projects that when adding features.
include marsh vegetation plantings or have

had marsh plant colonization

Legend
D Monitoring Site
Photo Stations/Points

b Living Shoreline Treatments On Site
Marsh with Oyster Structure

Figurel0. ShoreWatch App view including a delineated living shoreline
treatment.
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1 Start by drawing the polygon from the channelward diE11) of the structure and
moving towards the riparian zone, capturing all the marsh in between
o Living Shoreline Treatmepblygon(s) should be nested within the Monitoring Site
polygon

Figurell. lllustration of channelward and landward directions.

Channelward = Towards the water. Landward =Towards the land.

1 Record if marsh vegetation was plantesand fill was added, and/or riparian plantings were
installedfor the Living Shoreline Treatment

1 Recordthe status of Chesapeake Bay Witrient/Sediment Reduction Credits and VA
Nonpoint Source Nutrient Bank Cregifor the treatment
1 Record associated Permit Information
1 Repeat for each Living Shoreline Treatment within a Monitoring Site if applicable
o0 Most sites will have a single LiviSgoreline Treatmentjut a Monitoring Site may
contain multiple Living Shoreline Treatmefisg )

Legend
D Monitoring Site
m Photo Stations/Points

Marsh with Oyster Structure

D Marsh with Rock Sill

‘Johns point D Living Shoreline Treatments On S

Fig 2. Monitoring site with two living shoreline treatmentgmarsh with oyster
structure and marsh with rock sill)
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MONITORING: WITHINHELIVING SHORELINE AREENT(S)

SetUp andMonitoring steps5to 13 apply to eachliving shoreline treatment within a
Monitoring Ste. In many instances, thensill be only a singldiving shorelindreatment (e.qg.,
Marsh with Rock SjJIbut for thoseshorelineswith multiple treatments(e.g., a shoreline reach
treated withMarsh with Rock Sill and a Marsh with Oyster Structuhe) stepsare followed
separately for each treatment so that the performance on the individluadg shoreline
treatments ca be assessed. This monitoring protocol is suitable for living shorelines that
incorporate marsh vegetation and/or oysters.

5. INDICATE TIDE STAGES

Select Monitoring Site I:] —

(Q Living Shoreline Treatments on Site ==p Select LS Treatment

& Tide Stage—> [EEI)—> Input Tide Info = Click Submit

The tidelevelcan play a crucial role in the ability to collect monitoring data. For example, it may
be difficult to assess oyster cover on a structure at high tide when a portion of the structure
may be submerged.

High Tide The state of the tide when at its highest daily level.
Low Tide The state of the tide when at its lowest daily level.

EbbTide The period between high tide and low tide; water flows toward the ocean.

Flood Tide The period between low and high tide; water flows away from the ocean.

1 Add atide stage for each Living Shoreline Treatment
0 Record the current tide stage
0 Recordthe date and time for the predicted low tide
0 Notes field to describe further (e.g., extremely low tide)
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6. STRUCTURES

Longterm monitoring of living shoreline structuredlowsfor the assessment of changes in
structure integrity, water levels, reef expansion with oyster growth over time, and resilience.
Reef areal dimensions, or the project footprint, are used to estimate the amount of restored
area and reef persistenc€or reefs to become sustainable, oyster growth must surpass
sediment deposition and shell degradation ratAtached algae on the structure prevents
oysters from settling on the structure. These measurements will track oyster growth and
expansion and help deterine if the oyster structures are keeping pace with sea levelFigg
13).

Structure:Engineeredcomponent placed channelward and parallel to the shoreline to reduce we
energy and protect existing or planted marsh vegetatiewy., rock sill, bagged oyster shell).

Adult Oyster Crassostrea virginioaith a shell height that measures greater thanegual to 25 mm
(~1in).

Oyster RecruitCrassostrea virginioaith a shell height that measures greater than or equal to 10
mm (~0.4 in) but less than 25 mm (~1 in). These oysters are considered to have survived to ar
census (typically at the end df¢ growing season).

Settlement Occurs once the larva has become permanently attached to the substrate or has
metamorphosed into its final benthic form.

Recruitment Includes settlement and some period of pasttlement survival.

Attached Algae Algae hat is clinging to a living shoreline structure and has not simply floated th

Fig13. Oyster growth on oyster castles prand postproject completion.
(Photos by CBF Staff and Sue Mangan Photography, respectively).
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SETUP: DELINEATETRUCTURE LENGTHS

ﬂ‘pelect Monitoring Site| | = \

Cg") Living Shoreline Treatment on Site ==p Select LS Treatment
@ Shoreline Structures = LM Select Structure Type

Delineate Structure G == Fill-in Structure Info Fields

Add point at beginning of structure, walk along structure with GPS unit, (add a
point at any turn in structure) and add a point at the end of the structure

\—b Click Submit to save /

1 Selecthe Shoreline Structure TygRock Sill, Oyster Reef Structure, Cois,[Riggakwater)
1 Delineate structure
o IntheShoreWatch App, delineate the alongshorength ofthe Shoreline Structure
(Fig 1)
o |If safe, walk alongside the structure while using gt@reWatch App and holding a
GPS or Ba#lf unit in the same position above the structure
0 Add a Shoreline Structure GPS point at one end of the structure then walk to the
other end to add a GPS poirtitere
A If a structure meanders dramatically, add additional GPS points while walking
to the other end to capture the change in direction
A If a structure has gaps, the structures should be delineated separately (i.e., if
a 300 m rock sill system has gaps gvE00 m, then three separate rock sill
lines will be created and data collection will be done separately)
A TheShoreWatch App will create a line based on the points added, but these
lines may be adjusted if needdéohore detailed guidance Appendix A)
o Ifunsafeto walk alongside the structurg.g., a large rock sjlthe structure may be
delineated manually in th&horeWatch App by addingadditional points
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Legend
D Monitoring Site
Photo Stations/Points

D Living Shoreline Treatments On Site
Marsh with Oyster Structure

Shoreline Structures
Dyster Reef Structure

Fig 4. ShoreWatch App view including a delineated shoreline structure.

Delineated length of a shoreline structuf@yster Reef Structure).

1 Record Structure Information
o ForALLstructure types, record:
A VMRC permit informatiorNumber and Type)
A Whether backshore structures are present, which is an indication of marsh
migrationpotential
A Date the sructure was installed
A Any relevant Notes
o If anOyster Reef Structurerecord:
A Specific Oyster Structure Tyfeeg., Loose Shell, Oyster Cas{p&ture
examples and definitions #ppendix C)
1 Arrangement of Oyster Structufe.g. Interlocking, Free Standingyill
only appear for applicable oyster structure types)
o |IfCoir Log, recad
A Coir Logs Graddype, and Arragement
1 Repeat for each Structure in the Living Shoreline Treatment, as needed
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MONITORING: STRUCTRURBSERVATIONS

Record observations about the overall structure.

1 Percent Cover of Oysters on Structure
0 The percentover range should be selected for the oyster coverage on the entire
structure, not just what is visible above the water line
9 Structural Integrity
o ldentifying if the structure is stable or if there are missing sections, digd, or
collapsed materials can signal a need for maintenance
1 Fauna Observed on the Sttuce
o0 The presence or absence of oysters and musselsndicators of ecosystem
services, whileghe percentage of attached algalays a role in the ability of bivalves
to attach to the structure

Site Rrformance Measures

What the measure

Living Shoreline Measure: . Data Output
indicates
Structure:Linear extent (m) of each

Length of each stabilization Extent of shoreline structure
structure (e.g., rock sibagged  protected with a living TreatmentTotal Linear extent of all
oyster shell) shoreline structure structures (m)

Structure failure or need Treatment:Missing sectioydislodged
Structure integrity for repair/maintenance or collapsed materia)stable
Percent Covesf Oysters on Structure:Percentcover ranges
Structure Oyster establishment

Structure:Presence/Absence
Fauna Observed Ecosystem function
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7. STRUCTURE PLROINTS (ADVANCE MANIRING)

Monitoring oyster and mussel populations on oyster reef or rock sill structures at set sampling
(plot) locations allows for the tracking of oyster growth and reef expansion over time.

Counting or recording thpresenceor absence of adult oysters and oyster recruits will
represent if there are mulkyear successful recruitments. Countioygsterrecruits(with sizes
betweenxl0 mm and < 25 mmpas opposed to oystethat have only recently settle¢k

10mm) allows for a measge of oysters that are more likely to survive to adulthood. The mean
density of live oysters will provide information concerning oyster population size, survivorship,
and recruitment of oysters. For an oyster reef to persist, the rate of shell accretisherceed

the rate of shell loss.

When counting the number of adult oysters and oyster recruit
within a plot, if an oyster is in between sizes (~25 mm or ~1 ir
count the oyster as a recruif ruler or calipers maglsobe
usefulto distinguishbetween anadultandarecruit. Thissurvey
should take place at low tide when tis¢ructure is the most
exposed. Oysters will be most abundant in the daater zone :
of the structures, where they are inundated for at least 50% o
the day(Fig15). ‘

Tracking the percent cover of oysters osteucture will allow
for the tracking of reef growth over time.

The Chesapeake Bay Oyster Metrics Workgroup established

wide, sciencébased, consensus success criteria for oyster Figl5. Lowwater zone of
restoration (Restoration Goals, Quantitative Metrics and a rock sill where oyster
Assessment Protocols for Evaluating Success on Restored O growth is high.

Reef Sanctuarie®011). The following success metrics can serve

as guideposts for engineered oyster reefs:

Oyster densityand reef cover
Minimum threshold = 15 oysters permver 30% of the reef area
Target = 50 oysters perdover 30%coverof the reef area

Multiple year classes
Presence ofmultiple-yearclasses on the reef, as defined by oysters in adult and recruit classes
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SETUP: ESTABLISHRBICTURE PLOT POINTS

éelect Monitoring Site |:| = \

ng Living Shoreline Treatment on Site == Select LS Treatment
.(_*;/)7 Shoreline Structure == Select Shoreline Structure
(&’ Structure Plot Points == Locate Plot Point [} —

Fillin Distance in Meters
from left end of structure of === Click Submit to save

\Plot Location /

Establish locationgS3ructure Plot Points) where data collectionwill occuralong each oystereef
or rock sill structureduring a routine monitoring evenAt these locationsstructure measures
will be collected (e.g., height and width of oyster structures) and plots (02fuadrats) will
be placed to collecbyster measures

For coir logs, dy the height and width of the structure will be recorded to monitor the rate of
degradation.

Creation ofStructurePlot Points only needs to be done once during the initialgesite visit.

During routine site visits, data will be collected at the sdawations to assess changes over
time. Additional Structure Plot Points may be added during a routine monitoring event, if
necessary.

If aRock Silbr Oyster Reef Structure

1 Decide on an interval (distance in meters) between measurements that is appropriate for
the length of the structure

o Aninterval of ~6 m (20 ft) is appropriate for averaggeed structures (e.g., ~14@5
ft in length), but this interval may be increaséicthe structure is very long or
uniform, to result in less frequent measurements. Alternatively, the interval may be
reduced if more frequent measurements are desired (e.g., every 1 m (3 ft))

o Ensure that the interval encapsulates the ends and middl@eftructure, and not
just where oyster growth is highest
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1 Add Structure Plot Points at the interval (distance) along the structure using the
ShoreWatch App connected(viaBluetooth) to a GPS Unit (e.g., B&df) (Fig B)

o0 Using a tape measure, indicate the distance (m) in the app, starting from the left end
of the structure, when facing the water, to the created Structure Plot Point

o Structure Plot Points should be located on the channelward side of the structure

o If possilke, place a pole or stake to physically mark Structure Plot Point Locations

o Click Submit (uppeight-hand corner of app) between the addition of each
Structure Plot Point

Legend
D Monitoring Site
Photo Stations/Points

D Living Shoreline Treatments On Site
r.' .V;‘?'r with ; + |’<,>" 110

Shoreline Structures

Oyster Reef Structure

. Structure Plot Points

Fig B. ShoreWatch App view including structure plot points.

Structure Plot Points at two ends of a shoreline struct{@gster Reef Structure).

If Coir Log:

1 Create Structure Plot Points to record structure height and width at both ends and in the
middle of the line of coir logs using tls&oreWatch App and holding a GPS or B&tf Unit
and indicate the distance (m) in the app

o Click Submit (upper rightand corner of app) between the addition of each
Structure Plot Point

If an offshoreBreakwater

1 Creation ofStructure PlofPoints is not recommended aswill be difficult to safely collect
data from a larger structure



INITIAL SITE SBP AND MONITORBN

ADVANCED MONITORE: RECORD STRUCTBARE OYSTER MEASURES

@lect Monitoring Site D — \

(§) Living Shoreline Treatment on Site ===p Select LS Treatment
(§7 Shoreline Structure == Select Shoreline Structure =9

(§7 Structure Plot Points == Select . Structure Plot Point at X Meters

Record
el —p Click \ " tosave

K Oyster Measures /

Specific information collected f@ach structure typet structure plot pointsduring routine
monitoringsite visitsis describedelow. Completethe list of monitoringelementsfor each
StructurePlot Point before moving to the neStructurePlot Point.

Height: The vertical distance from the seafloor to the top of the structure or oyster growth

High-Water Mark:the vertical distance between the highater line and the top of the structure
(i.e., the height of the lightecolored portion of the top of the structure).

Live Oyster DensityThe number of live oysters, including recruits, pér m

Project Footprint Areal extent of the reef. Achieved by collecting structure length and widths.

Oyster Reef Structures and Rock Sills
1 Locate Plot Points
o To identify Plot Points on the structure for collecting structure agster
measures, consult the Plot Points recorded in the app during the initialset
site visit. These points are labeled in meters to indicate their location relative to
the left end of the structure while facing the water
o To find Plot Points on the stcture, such as one at 20 m, measure 20 m from the
left end of the structure, facing the water, towards the opposite end of the
structure, and proceed accordingly
o Plot Points may have also been markedsite using poles or stakes. Ensure
accuracy by crosgerifying the Plot Point locations with measurements, even if
they were previously marked with poles or stakes
1 Record Structure and Oyster Measures in $fi@re\Watch Apfor each Plot Point
0 Structure Measures
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A Record any structural integrity problems
1 Seletthe status(e.g., stable, missing sections)
A Take a measurement (cm) for the structure's height and widhig17)
A For both Oyster Reef and Rock Sill Structures, record thewaggr mark
(Fig18)
1 The mean higlwater line will not be discernible if the structure is
submerged at mean higater. In this case, record(€ig19)

lanﬁdﬁé -d éi&e

channelward side ””""Height"3

seafloor

Fig I7. Height and width on a rock sill structure.
Height: The vertical distance from the seafloor to the top of the structure or oyster growth.

Width: The distance from the channelward side to the landward side of the structure.
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top’_;)'f structure

'/ Heightain

seafloor
oot S

s g 27\ ' T e - - AT sidei.
 high- . Cit
83 ¥ , p oL s :

-4,

E 5
— & L SR

“ channelward side

Fig18. Structure measures on a rock sill and oyster reglucture.

The highwater mark is measured from the higtater line to the top of the structure
(i.e., the lightcolored portion on top of the structure). For the Oyster Reef Structure, t
high-water mark is not discernible.

The width is measured from éhlandward side to the channelward side of the structure

The height is measured from the seafloor to the top of the structure or oyster growth
measurements are in centimeters.

Fig19. Oyster structure withnon-discernible highwater mark.

Oyster pyramids (Ready Reef) submerged at high tide. AvWadgr mark will not
be discernible on structures that are submerged daily with the t{@sto
credit: VIMS).
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o Oyster Plot Measures

A Atthe Plot Point, place a Plot (0.23muadrat preferred) on the

channelward side of the structure in the lemater zone (~mean sea level
to low water/seafloor)Fig D)

Fig 2. Structure sampling plot placement.

Placing a 0.25 fguadrat (recommended plot size) on the channelward side of the struc
in the lowwater zone to collect oyster and mussel counts along with the percent cover «
attached algae. An uplose view of ®.25 n¥ quadrat on bagged oyster shell and a rock s|

> >

>

A

-

A

1 Ifitis unsafe to place a plot on the channelward side of a
structure, the plot can be placed on the landward side of the
structure in the low water zone (~mean sea level to low
water/seafloor). However, oyster density will be highest on the
channelward &le

Indicate the size of the plgb.25 ni (preferred), 0.5 i 1 n?)

Specify which side of the structure the plot was plag&ennelward,
Landward)

Specify where the plot was placedg Water Zone, Mitleight, CresHeight).
Record Fauna Observed on Structure

1 Indicate presence or absence of each fauma Oyster Recruits, Live
Adult Oysters, Live Mussels, Attached Algae)

1 Record number counts of present fauna

O Note: You may record presence or absence only, but recarding is

preferred
Record percent cover of attached algae if present

Take a photo(s) in thehoreWatch App

o0 Repeat measures for each Plot Point along the structure
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A Optional, for more intensive data collectjgfithe structure is excessively
large or tall, additional plots may be placed at different heights and/or
both sides of the structure to capture oyster growth
1 Using the same plot points and distance along the structure, open
I ySs awSO2NR (SNNHSH dzNBISH ¢ h & 2 NI
additional plot configuration (different height and/or side)

COIR LOGS
1 Locate Plot Points
o To identify Plot Points, consult the Plot
Points recorded in the app during the
initial set-up site visit. These points are
labeled in meters to indicate their
location from the left end of the structure
while facing the water. Generally, these
Plot Points are located at both ends and
the middle of the structure.
1 Select theappropriatePlot Pointfor the
locationin the ShoreWatch App to Record
Coir Logs Information
o Coir Logs Statug.g., Decayed/Absent)
1 Record Structure Measur¢big21)
o0 Take a measuremeiitm) for the
structure heightand width
1 Record Structural Integrity

WY Heights

Fig21. Structure measures on coir
logs.

Height and width on a coir logs. The
width is measured from the landward
side to the channelward side of the
structure. The height is measured
from the seafloor to the top of the
structure. All measurements are in
centimeters.

0 Structure Statuge.g., Missing Sections)
o Structural Integrity Notege.g., Stakes not in place)

1 Take a photo(s) in thehoreWatch App

'.F
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StructurePerformance Measures

What the measure

Living Shoreline Measure e
indicates

Structure changesver time or in

Structure height response to storm events

Structure changes over time or |

Structure width response to storm events

Structure changes over time ani
indication of changing water
Structure higkwater mark levels
Structure failure or need for

Structural integrity repair/maintenance

Data Output

Plot:Height (cm) fromseafloorto
top of structure
Treatment:Average heighfcm) of
all structures

Plot: Width (cm)measured
perpendicular to shore
Treatment:Average widthlcm)of
all structure

Plot: Distance (cm) from high
water mark to top of structure
Treatment:Average distance (cm)
from highwater mark to top of
structure

Treatment:Missing section
Dislodgedor collapsed materials
Stable

Oyster Performance Measures

What the measure

Living Shorelinseasures .

g indicates
Oyster production; water
Adult oyster density filtration capacity; reef resilienc
Evidence of successful
recruitment

Recruit oyster density
(between 10 and 25mm in size)

Oyster production; water
Total oyster density filtration capacity; reef resilienc
Water filtration capacity; reef
Mussel density diversity
Potentialfor biofouling
interference of oyster

Percent cover of attached algae settlement

Amount of restored areaeef
persistence and expansion
Oyster productionpercentage
of reef with oyster growth

Oyster reef areal extent

Oyster reef cover

Data Output

Plot:# live adult oysters/rh
Treatment:Average no. live adult
oysters/nt

Plot:# live recruit oysters/m
Treatment:Average no. live recrui
oysters/nt

Plot: # live adult & recruit
oysters/nt Treatment:Average no.
live adult & recruit oysters/m
Plot: # live mussels/rh
Treatment:Average no. live
mussels/m

Plot:Percentcover:0, 15, 5.125,
25.1-50, 50.175, >75%
Treatment:Average of midpoints
of each %over measure

TreatmentTotal length x aveage
width (n?)

Treatment Percent cover
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8. PLANTED MARSH AREAS

Estimating the area of planted marsh allows for the tracking of the amount of newly restored
marsh and represents an addition of benefits to the system. In addition, knowing the footprint
of the newly planted marsh can serve as a baseline to assess thgiev@f marsh plant

growth and expansion.

In some instances, the planted area may be the same extent as the marsh vegetation zones if
the entire site was planted following constructi@iig22). Inother instances, planting may be
used to enhance an existing mamshdthe newly planted area will be smaller than the

delineated marsh vegetation zone&sny planted area must be delineated independently of the
marsh zones, even if the entire marsh zone is f@dnif an areas replanted, this process can

be followed during routine site visitén the case of replanting, create a new Planted Marsh
polygon instead of editing an existing polygon.

Skip this step if Monitoring Site Setup does not occur right afbestruction, or if the original
planted marsh area is no longer clearly defined. Do not guess, estimate, or use permit drawings
to delineate planted marsh area.

Fig22. Planted area in low marsh.

Above is an instance where the entire low marsh was planted. Low marsh planted ares
would be the same area as the low marsh vegetation zone, however these are delineat
separately.
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SETUP:DELINEATE PLANTEBRBH AREAS

/Select Monitoring Site| | = \

(97 Living Shoreline Treatment on Site == Select LS Treatment

(&’ Planted Marsh Area ==p-LCERN Select Low Marsh or High Marsh

Delineate Marsh Feature [WGEEZ a0 =9 Click Submit to save

@ect Layer lcon g at top of app = - Planted Marsh Area

Toggle Planted Marsh Layer OFy

9 Delineate the planted areas following the same guidance for delineating the marsh
vegetation zones (i.e., creating a GPS point in each cofffigd?3)

Legend
[ Monitoring Site

{5] Photo Stations/Points

Legend
D Monitoring Site
D Living Shoreline Treatments On Site »J Photo Stations/Points
siood Living Shoreline Treatments On Site
Shoreline Structures | « Spvetidresiadiion
@ Sstructure Plot Points Shoreline Structures

Marsh Vegetation Zones :
[ e @ structure Plot Points

D Marsh Vegetation Zones

[_\ Planted Marsh Area

D Planted Marsh Area

Fig23. ShoreWatch App view including a delineated planted marsh area.

The figure on the lefshows a site where the low and high marsh planted areas are the
same as the low marsh and high marsh vegetation zone delineations.

The figure on the right shows a site where only a small portion of the low marsh was
planted.
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MONITORINGPLANTED MARSH ARBASORMATION

After submitting the Planted Marsh Polygon, record Marsh Planting Event information for each
Planted Marsh Area. If unknown, information may be included in tidal shoreline permit
applications.

Date of Marsh Planting
Phase of this Planting.g, Initial Planting, Replanting)
Extent of Plant Coverade.g., Spot Plantings, Complete Coverage)
Configuration of Planting®.g., Rows, Clumping)
Who planted this marsh(.g., Volunteers, Professionals)
Source of Planting&.g., Nursery stocKransplants)
Species Planted
Sand Fill Applied
0 Substrate of Planting Arda.g., Sand, Mud)
1 Take a photo using the

O O 0O OO0 oo o
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9. MARSH VEGETATION AN

A healthy plant community is fundamental to living shoreline projects by providing stability,
energy reduction, improved water quality, habitat creation, and biodiversity. By tracking marsh
vegetation zone characteristics (Low Marsh/High Marsh), shiftsairsh structure and function
can be documented. Plant communities are good indicatoededation and water levels,
habitat provision capacity for fishes, invertebratasd wildlife nutrient removal and carbon
storage potentiglandstorm risk reductio. Plantderived benefits are achieved when plants
are wellrooted into the soil growing and reproducing normalljne above and beloyground
plant biomass acts to attenuate waves, reduce erosive energy from surface flow, slow
floodwaters and storm wavess well as retain sediment and organic matter. Generally, tall
dense plants within wide marsh areas are most effective at wave dampedarmected plant
communitiesfrom the shallowsgo-intertidal-to-upland help reduce wave energy and support
habitat migation upslope in response to sea level ri§eacking the total percent vegetation
cover can show if the marsh is healthy and growing. Invasive plants, sitiaggnites
australis,may rapidly spread into disturbed areas and may crowd out desirable raams
that were introduced as part of the living shoreline project.

Measuring the widths of the low marsh and high marsh zones will providedscationof how

those zones are expanding or shrinking. As sea level rises, the marsh may migrate landward.
The marsh width indicatee capacity to reduce wave energy, stormddifood risk.Marsh
vegetation and wetland areas serve as a buffer from flooding by absorbing some excess water
and slowing the rate water accumulates on land from flash floods, storm surges, and tidal
flooding. Marshes also trap suspended sediment frontydales and storm flooding which

helps slow erosion and improve water clarity.

Low Marsh The area of marsh that is flooded daily during high tides. This marsh zone traps
sediment and provides important aquatic habitat for small fishes and crabs whiRoibdked.
During low tides, the low marsh zone is exposed, which provides access to food and cover for
wetland and terrestrial animaldig24).

High Marsh The area of marsh that is flooded during extreme high tides and storm events. This
marsh zone prodes valuable storm protection and a buffer to intercept and filter stormwater
runoff and groundwater flowing from the adjacent upland. There is greater plant diversity in thi
zone compared to the low marsh due to less floodifig24).

Dominant Spe@s:A species that dominates50% of the marsh.

Salt & Brackish Marsh | Virginia Institute of Marine Science (vims(gitajion)



https://www.vims.edu/ccrm/outreach/teaching_marsh/native_plants/salt_marsh/index.php
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Transition from Spartina
patens to riparian zone

High Marsh Zone

Common Plants:

Spartina patens

Distichlis spicata
Iva frutescens

Low Marsh Zone

Common Plants:
Spartina alterniflora
Spartina cynosuroides
Juncus roemerianus

Fig24. Marsh vegetation zones and boundaries.

Pictures showing an aerial delineation of the low marsh zone and high marsh zone
well as the low marsimigh marsh boundary and high marapland boundary.

The low marsh zone is typically dominated3partina alterniflorawhich tolerates
daily inundaion. The high marsh is typically dominated$®yartina patenswhich
prefers higher elevations that are inundated infrequently.
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SETUP: DELINEATE N®SH VEGETATION ZONES

/Select Monitoring Site D—Il- \\

& Living Shoreline Treatment on Site = Select LS Treatment
/5’ Marsh Viegetation Zones=—» Select Low Marsh or High Marsh

Delineate Marsh by walking the marsh boundary -
and adding points at each change in boundary Add Point
direction, and at the end point.

DELINEATE THE LOWREGA AND HIGH MARSH

1 Using theShoreWatch App connected(via Bluetooth) to a GPS Unit (e.g., Bé&df),
delineate the low marsh and high marsh by adding GPS points while walking the
boundary of the low marsh arliigh marsh zones separat€lyig25)

O Add a GPS point at one corner of the marsh vegetation zone and walk to another
corner of the zone, without cutting through the vegetation, to add a GPS point
there, until there is at least 1 point in each corner

A If the vegetation line meanders dramatically, add additional GPS points
A Include both existing and planted marsh in the delineation
A If there are marsh zone areas that are

disconnected, (e.g., interrupted by IMP O RTANT
infrastructure such as a boat ramp), multiplg

polygonsmay have to be delineatedrig26). When delineatingnarsh

—p Click Submit to save

A If there is no clear vegetation pattern vegetation zones, include
between high and low marsh zones, use all marsh (planted and
best judgment to delineate the entire existing)

marsh area and choose either high or low
marsh based on extent of daily high tide flooding.
O Reviewthe polygons created in the&horeWatch App and adjust any points as
needed to capture the extent of the marsh vegetation zo(de=sailed
instructions in Appendix Bditing Features insert page numper
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Legend
D Monitoring Site
Photo Stations/Points

Living Shoreline Treatments On Site
Marsh with Oyster Structure

Shoreline Structures

Oyster Reef Structure
. Structure Plot Points

D Marsh Vegetation Zones

—

Fig25. ShoreWatch App view including delineatedarsh vegetation zones.
Delineated low marsh and high marsh behind a shoreline strugDyster Reef
Structure) Marsh vegetation zones connect but do not overlap.

Legend
D Monitoring Site

D Living Shoreline Treatments On Site

D Marsh with Rock Sil

Shoreline Structures

ROC\‘ S\“ e Rock Si
D Marsh Vegetation Zones

——

Fig26. ShoreWatch App view of a site with disconnected marsh vegetatzones.
Within the Marsh with Rock S{lLiving Shoreline Treatmenthe low marsh and higt
marsh vegetation zones are disconnected by a sandy area between the Rock S

(Shoreline StructuresMultiple polygons had to be delineated to represent the
mardh vegetation zones.
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MONITORING: MARSH @ETATION ZONE OBSERMNS

/Select Monitoring Site[l —_— \

(§) Living Shoreline Treatment on Site == Select LS Treatment
¢’ Marsh Vegetation Community Zones == Select Marsh

_>- —p Click \_ tosave /

1 Record Marsh Measures for eabtarsh\VegetationZone:
o Total Percent Vegetative Cover in Ma(gtig27)
A Should account for all species with a marsh vegetation zone
o Dominant PlanSpecies in Mars{Plant identification guides iAppendix E)
o Percent Cover of Phragmites in Marsh
A If not present, record 0%
o Trees Present in MargR.g., Live, Dead/Dying) (High Marsh only)
o Indicate whether monitoring will include sampling along thensects
A If not, record the presence or absence of fauna in the masie(s)Live
Mussels, Live Periwinkle Snails, Fiddler Crab Burrows, Live Oysters)
o Take a photo(s) in thehoreWatch App

Fig27. Total percent vegetative cover in marsgxamples.
The photo on the right is representative of a marsh with <25 percent cover. The p
on the left is representative of a marsh with >75 percent cover.
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MarshZonePerformance Measures

Living Shoreline Measure

Low marsh zone plant cover

High marsh zone plant cover

Low marsh zone dominant plar
species

High marsh zone dominant pla
species

Phragmitegpresence and cover
in low marsh zone

Phragmitegpresence and cover
in high marsh zone

Presence of live or dead/dying
treesin high marsh zone

What the measure
indicates

Marsh establishment, stability,
health, ecosystem function

Marsh establishment, stability,
health, ecosystem function

Marsh stability and function;
water levels

Marsh stability andunction;
water levels

Invasive species colonization;
marsh stress

Invasive species colonization;
marsh stress

Water levels; change over time
could indicate shifting water
levels

DataOutput

Treatment:Percentcover: 0, 15,
5.1-25, 25.150, 50.175, >75%

Treatment:Percentcover: 0, 15,
5.1-25, 25.150, 50.175, >75%

Treatment:Soecies that dominates
(i.e., >50%)

Treatment:Soecies that dominates
(i.e., >50%)

Treatment:Presence/absence; %
cover

Treatment:Presence/absence; %
cover

Treatment:Presence/absence
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10. TRANSECTS & PLOTBYANCED MONITORING)

Transect A line that bisects the site from the water or nearshore structure through the riparian :
to capture the intertidal and different vegetation zones (e.g., the low marsh and high marsh).

Plot: A defined sample area to collect data. For fiistocol, 0.25 M quadrat plots are used for
measuring marsh vegetation and oyster density and 12 6iraular plots are used to measure
riparian vegetation.

One of the standard ways to track and evaluate therf@rmance of a living shoreline is to
establishpermanent transects andollect data fromplots placedalong the transects.

Key indicators of project effectiveness and ecosystem development are the plants. The extent,
cover, and plant composition all reggent how the site is performing. Measuring the

vegetation within a sampling plot, also known as a quadrat, will show how well the plants are
growing. Another great indicator of positive ecosystem development and function is the
presence of primary marsipscies, like ribbed mussel&€¢ukensia demissdjddler crabs, and
marsh periwinkle snail§~ig28).

They all play critical roles in many salt marsh processes. Ribbed mussels attach to the roots and
rhizomes ofSpartina alternifloran clumps and help to stabilize the marsh platform. The plants
and mussels have a mutualistic relationship, benefiting one another. Mussels fertilize the plants
with their biodeposits and plants shade and provide refuge for the mussels. Mussels are very
efficient filter feeders and enhandke removal of nitrogen in the marsh, which improves water
quality. Fiddler crabsUcaspp) and marsh periwinkled. ittoraria irrorate are important links in

the food webs; they consume marsh primary production, athct energy is transferred when
predators eat thent, like blue crabs.

Fig28. Presence of marsh health indicators.

Mussels, periwinkle snails, fiddler crabs, and fiddler crab burrows.
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TRANSECTS

Transects allow for repeated visits at th@me locations to track changes over time in a
guantitative way that is relatively easy to implement. The number of transects will depend on
the size of the living shoreline treatment. Transects are to be set at the initralpssite visit,

but additiond transects may be added at future routine monitoring site visits if necessary.

At least 1 permanent transect every 30 m (~100 fowdt be
established per living shoreline treatment that can bevisited
during routine monitoring site visitélowever, establishing 3 to
5 transectsacrossan averagesize living shoreline (~100 to 200 EIVIO1=EVA\\RI
ft) is recommended to best assess conditions throughout the

marsh.Pacing a set distance from one transect to the next For an average size livir
helps to randomize the transect selection process. Generally, —shoreline (~100 to 200
the transects should be plad no closer than 5 m (~15 ft) ft), establishing 3 to 5
apart.As an example, for a Living Shoreline Treatment 36 transects is a good rule

meters (~120 ft) in length with plans to establish 4 transects, it
Is recommended that the transects be spaced approximately 10
meters (~30 ft) apart

When onlyestablshingl transect for a living shoreline treaent, a good approach is to

randomly place the transect within an area of the marsh that seems representative of the
entire marsh vegetatiozone A sill system with gaps or openings is considered a singlg livin
shoreline treatment. If possible, it is recommended to place at least 1 transect behind each sill
structure. If only doing 1 transect behind each structure, place the transect near the center of
the structure. Be sure to avoid placing transects behireldpenings between each structure.

PLOTS

Along each transect, plots will be sampled within the low marsh, high marsh, and riparian
zones. Living shoreline marsh vegetation zones are typically relatively narrow bands of habitat
along the shoreline; therefe, collecting data for each transect framultiple plots within the

low marsh (at water/structurdnarsh edge andmovinglandwardfrom the edge¢ andmultiple

plots within the high marsh (at the transition from low to high marsh amaVinglandward

from the transition) is typically sufficient to captutiee variation in plant cover and

composition within each zon&his number of plots allowsr the calculation of the mean and
standard deviation (variatiorgf data being collecte@ndto better represent overalmarsh

zone conditionswhereas a single plot does not

Plots can alternatively be placed randomly throughout each vegetation zone. As opposed to
placing plots along thetraight linetransect, walk through the vegetation zone and toss the



INITIAL SITE SBP AND MONITORIN

guadrat in random areas, spacing them throughout the vegetation zdngsmation is
collected in the same way for transect plots and randomly placed plots.

Collecting data from the same plot loaatis allows for the tracking of shifts in plant cover and
species over time, indications of ecosystem performance and project stability. Notably, the vast
majority of marsh ribbed mussels are found within the first 2 m of the low marsh (Bilkovic et al.
2021, https://doi.org/10.1002/ecs2.340), where data collection will occur. Along each

transect a single riparian plot (~12.5)mvill be sampled to assess shrubs and sapliegsthe

marsh. At the most central riparian transect plot, data on trees will also be collestBdnk

plot can also be established along the transect

SETUP: ESTABLISHAIRSECT PLOT POINTS

/Select Monitoring Site |:| — \
(‘9 Living Shoreline Treatment on Site == Select LS Treatment
(& Transects =—=p Locate Plot Point RN —>

» Select Transect (1- 10, Random Plots)
» Select Plot Location (LM, HM, Rip + Trees, Rip, or Bank)

\—P Click Submit to save /

1 Establish transects in the fie{#ig29, Fig31)

0 Use the approximate length of the living shoreline treatment as a guide to
determine the total number of transects to establish. A good rule of thumb is to
set 3 to 5 transects faan averagesizedproject (~100 to 200 ft)

o Mark the location of the transedity gdadnga bamboo pole, PVC pole, or
tomato stakeat the low marshwater/structure edge. Push or hammer the
pole/stake deep enough into the substrate so thasipartially hidden but still
visible when looking foit

o If laying multiple transects, bé@gon the lefthand side of the marsh, when
facing the water

o0 Pace a set distance from the first transect to the next and mark the location of
the second transect by placingpamboo pole, PVC pole, or tomato stakehe
low marshwater/structure edge. Continue until all transects are marked in the
low marshwater/structure edge Generally, the transects should be placed no
closer than 5 m (~15 ft) apart

0 TheShoreWatch App allows for data collection along a maximwhl0

transects or random plotgFig 30, Fig 32per living shoreline treatment.



https://doi.org/10.1002/ecs2.3402

INITIAL SITE SBP AND MONITORIN

Structure <G4
WP T
Plot Points’y%
(&

Rock:Sill

Fig29. Detailed depiction of transects and plot locations for a monitoring site with one
living shoreline treatment (nharsh with rock sill).

Plot locations from lownarshwater/structure edge to riparian zone (LM, HM, Rip or Rip -
Trees Banj.

Marsh measures will occur at LEihd HM plots. Riparian measures will take place at Rip
Rip + Trees plots. Additional information is collected at Rip + Trees p&tk.héght is
recorded at Bank points.
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Rock:Sill

Structure
Plot Points

Fig30. Detailed depiction ofrandom plot locations for a monitoring site with one living
shoreline treatment (narsh with rock sill).

Plot locationsrfom low marshwater/structure edge tchigh marsh taiparian zone (LM,
HM, Rip or Rip + TregBanh.

Marsh measures will occur at L.shd HMplots. Riparian measures will take place at R
or Rip + Trees plots. Additional information is collected at Rip + TreesRéotlks.height
is recorded at Bank points.
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Shrub/Sapling, Structure
B Count

Plot Points

ap5. >

2% ; )
ALV o)
.t g e

'Bagged stiéF‘Shell

Structure &,{_,,-;
Plot Points .z €
o+

Rock Sill

Fig31. Detailed depiction of transects and plot locations fomaonitoring site with
two living shoreline treatments iharsh with rock siland marsh with oyster
structure).

Plot locations from low marstvater/structure edge to riparian zone (LM, HM, Rig
or Rip + Trees).

Marsh measures will occur at LM, and HM pl&garian measures will take place
at Rip or Rip + Trees plots. Additional information is collected at Rip + Trees pl
monitoring only involves one transect, such as this Marsh with Oyster Structure
treatment, the riparian plot should be labeled Riprees.Bank height is recorded
at Bank points.
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Structures
“SWplot|Points

Rock:Sill

Structure
Plot Points

Fig32. Detailed depiction ofrandom plot locations for a monitoring site withtwo living
shoreline treatmens (marsh with rock siland marsh with oyster structure

Plot locationsfom low marshwater/structure edge tchigh marsh taiparian zone (LM,
HM, Rip or Rip + TreeBanh.

Marsh measures will occur at LEihd HM plots. Riparian measures will take place at Rip
Rip + Trees plots. Additional information is collected at Rip + TreesPpé&ik.height is
recorded at Bank points.
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1 For each transect:
o Laya 100 m (~325 ft) tape measure from the lnarshwater/structure edge
pole to the riparian zoné a straight linego represent the transect line
A Be sure to walk on the lefiand side of the tape measure, when facing
the water, to avoid walking on the side where plots will be placed
o0 Mark Plot Poing along each transedtlace a bamboo pole, PVC pole, or tomato
stakeat 4 additional locationalong the transect (i.e., tape measusehere plots
will be placed to collect data
A Transect pole/stake locations and labels:
1 Low marshwater/structure edge(LM)
1 Low marshrfovinglandward from the watefistructure edge)
(LM)
1 Low marsh/high marsh boundary (transition zone where high
marsh species begin to dominatgjM)
1 High marshrfovinglandward of the low marsh/high marsh
boundary)(HM)
1 High marsh/upland boundary (riparian zone measu(&s)
o Center transect high marsh/upland boundary (riparian
zone measuregRip + Trees)
*If a site only involves establishing one transect, the
riparian plot should be labeleRip + Trees
1 Base of bankBank)
*If a site only involves establishing one transect, the
riparian plot should be labeleRip + Trees
A These poles/stakes should remain on site permanently for-teng
monitoring to track changes in vegetation over time
A Push or hammer the poles/stageleep enough into the substrate so that
they are patrtially hidden but still visible when looking for them
o While one person places poles/stakes, another person may go behind them and
add Plot Points of pole/stake locations in theore\Watch App connected(via
Bluetooth) to a GPS Unit (e.g., Biif) (Fig33)
A Create Plot Points starting #te first LM point, moving landward
A Points along the same transect should be assigned the same nugatogr
A Assign each point a Plot Location(L®, HM, Rip, Rip + Tre&ank
1 Indicate the distance (m) from the start of the transect tape at
water/structure edgeto the point

Click Submit (upper rightand corner) between addition of each Plot Point
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1 Forrandom points
o Walk through the marsh vegetation zones and randophfice (toss) plots
throughout the marsh areas
A At least 3 plots per marsh zone is recommended, but you have the option
to placeas many as you like each zone
0 Place at least one plot randomly in the riparian zone along the high
marsh/riparian transition ad at least one plot along the bank edge
o Mark Plot PointsPlace a bamboo pole, PVC pole, or tomato sttlecations
where plots will be placed to collect data
A Transect pole/stake locations and labels:
1 Low marshvegetation zon€LM)
1 High marshvegetation zonédHM)
1 RparianareameasureqRip)
*If a site only involves establishing ophot in the riparian
zone the riparian plot should be labeldip + Trees
1 Base of bankBank)
A These poles/stakes should remain on site permanently for-teng
monitoring to track changes in vegetation over time
A Push or hammer the poles/stakes deep enough into the substrate so that
they are partially hidden but still visible when looking for them
o While one person places poles/stakes, another person may go béenad and
add Plot Points of pole/stake locations in theoreWatch App connected(via
Bluetooth) to a GPS Unit (e.g., Bé&df) (Fig34)
A Create Plot Points starting #te first LM point, moving landwardhrough
the site
A Random plot pints should be assignddd Wb 2 cWwNIYWR2FO0d t 20 Q
A Assign each point a Plot Location(L®, HM, Rip, Rip + Tre&ank

Click Submit (upper rightand corner) between addition of each Plot Point
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Legend
[™ Monitoring Site
Photo Stations/Points

& Living Shoreline Treatments On Site
Marsh with Oyster Struct

Shoreline Structures

)yster Reet Structure

‘ Structure Plot Points
D Marsh Vegetation Zones
Low Marsk

_ Planted Marsh Area
Low Marst

Transects & Plots

Fig33. ShoreWatch App view including plot points along a transect.

Legend
D Monitoring Site

Photo Stations/Points

D Living Shoreline Treatments On Site
Shoreline Structures

‘ Structure Plot Points

D Marsh Vegetation Zones

. Planted Marsh Area

Random Plots

Fig34. ShoreWatch App view includingandom samplingplot points.



INITIAL SITE SBP AND MONITORIN

ADVANCED MONITORINRBECORD TRANSECT PMBASUREMENTS

/Select Monitoring Site| |==p \

(_(:)_) Living Shoreline Treatment on Site == Select LS Treatment

(_(57 Transects == Select Transect or Random Plot (LM or HM)

Record
=>|  Plot = Click . tosave
\ Measures /

Locate the markée.g., bamboo stake, PVC palej for each permanent transect and lag@0 m
(=325 ft) tape measure from the low marglater/structure edgemark locationto the riparian
zonemark location For random plots, lay the tape measure in the same fashion for measuring
marsh widthslf there are no marks in the field, locations betmark may be found in the
ShoreWatch ApiBe sure to walk on the leftand side of the tape measure, when facing the
water, to avoid walking on the side where samplpigts will be placed.

1. Low marshwater/structure edgethrough low marsh vegetation zor(eM)

2. Low marsh/high marsh boundary (transition zone where high marsh species begin
to dominate)through high marsh vegetation zorfelM)

3. High marsh/upland boundary (riparian zone measu(gs))

4. Center transect high marsh/upland boundary (riparian zone meas(Rsr+ Trees

5. Bank edge (bank height measuréank)

1 In the field, set plots (0.25 fwuadrat preferred) at the previously establishpibt
locations (LM, HN/(i.e., locations of poles/stakes or based on Plot Points iffthe\Vatch

App)
o The upper lefthand corner of the quadrat should be flush with the stakben

facing the water

o Pull the vegetation through the plot, so that the plot may lay flat on the gdoun
without any stems from outside the plot pulled through

o Plot should be placed in the same location for each monitoring site visit

o0 Remember to walk on the leftand side of the transect, when facing the water,
to avoid walking where thelotsare placed

1 Inthe ShoreWatch App record the followingor each Plot Point in the marsh
0 Size of plot use.25 nt (preferred), 0.5 rf 1 n¥)
o Dominant Sediment Type
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o0 Marsh Fauna Present
A Record number of faun@ptional, for more intensive data collectjon
o Percent Cover of All Vegetation in P(Btg %)
A Percent cover is reported in ranges rather than an exact percentage, as
observers may have slightly different perceptions
A Only include live plants with visible green tissue
A If the percent cover seems to lma the cusp of two ranges, select the
lesser range
o Plant Species Observed in Plot
o0 Optional, for more intensive marsh data collection:
A Record the number of stems in each plot for:
1 Spartina alterniflora
1 Spartina patens
A Record theplant height (cm)in each plot in 3 representative spots for:
1 Spartina alterniflora
1 Spartina patens

Pg;“’,‘:':t Rf::ive Patch Aggregawti:en Pg;%‘:?t In-Field Quadrat Examples
0% 0%
1-5% 1-5%

5.1-25% 5.1-25%

25.1-50% 25.1-50%

50.1-75% 50.1-75%
>75% >75%

Fig 3. Digital and InField Depictions of Percent Cover.
Percent CoverThe portion of the ground surface that is covered by the aerial portions
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1 Record Marsh Width Measurements ((fig &)

1 For the low marsh, measure the width from the
low marshwater/structure edge to the start of
the high marski.e., dominant marsh species
transitions fromSpartinaalterniflorato Spartina patens

o For the high marsh, measuthe width from the start of the high marsh to the
start of the upland or riparian zone

Record Marsh Width Measurements
Marsh Plots LM and HM

Fig 3. Width measurements for marsh vegetation zones.

For routine monitoring visits occurrirajong withsite setup, marsh widths may be
measured based on locations of poles/stakes along a transect.

The width of the marsh vegetation zones can be measured based on how far the growt
Spartina alternifloraand Spartina patengxtends landward. The pole/stake locations may
not always be representative of the width as zones shift over time. The widtreddbw
marsh zone and high marsh zone should be taken for each transatdng three
representative areas of the marsRecord the low marsh width under the LM plot paint
Record the high marsh width under the HM plot paint
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What the measure
indicates

Living Shoreline Measure:

Marsh establishment,
stability, health, ecosystem

function
Marsh plant cover (all species
combined) in low antigh marsh

Low marsh plant composition  Diversity, marsh resilience

High marsh plant composition  Diversity, marsh resilience

Low marsh width Flood/storm risk reduction

High marsh width Flood/storm risk reduction

Richness of soil (organic
Dominant sediment type carbon)

Primary marsh species
Presence of key marsh species contributing to marsh
(ribbed mussels, fiddler crab function are an indicator of
burrows, periwinkle snails, positive ecosystem
oysters) development

Data Output

Plot:Percentcover: 0, 15, 5.125, 25.1
50, 50.175, >75%
Treatment:Average of midpoints of
each % cover measure

Plot:Number of species
Treatment:Averagenumber of species

Plot:Number of species
Treatment:Averagenumber of species
Transect Width (m) measured
perpendicular to shoréfom marsh
edge to lowhigh marsh boundary
Treatment:Average widthim) of all low
marsh measures

TransectWidth measured
perpendicular to shore (pfrom low-
high marsh boundary to higharsh-
upland boundary

Treatment:Average widthim) of alll
highmarsh measures

Plot:Sand, mud, sananud mix, peat,
or cobble

Treatment Most common sediment

type

Plot:Presence or absenoé each
Treatment:Presence or absencd
each
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RIPARIAN PLOAND BANKSAMPLING

/Select Monitoring Site| |==p \

(_@ Living Shoreline Treatment on Site == Select LS Treatment

((jj Transects ==# Select Transect or Random Plot
(Rip, Rip + Trees, or Bank)

Record

— Plot =P Click " tosave

\ Measures /

The riparian condition can affect living shoreline performance, especially when there is a well
developed forested zone immediately adjacent to the shoreline. Forested riparian zones have
well-documented benefits to water quality from intercepting groundesawith uptake from

their root systems. A densely vegetated riparian zone (that does not excessively shade and
interfere with marsh growth) can be an indication of water quality function, habitat availability,
and shore stabilization.

Riparian:Anupland zone or area along the water that interacts crslisre with the lands
waterward and landward.

A stable bank has uniformly spread vegetation while an eroding bank may have little to no
vegetation. The plant roots help to stabilize the sedimemttoe slopeBank height can serve as

an indication of erosion or stabiligndthe potential for future landward marsh migration.

Bank height measurements can also be used to calculate the nutrient reduction potential of the
system.

Bank Theinterface between the shoreline and the upland; may be gradual or steep.

Characterize Riparian Zone

1 Record the presence or absenceRtfragmites
1 For Rip + Trees Plot Points only,
0 Record general conditiofe.g., Mowed, Fenced)
0 Record ground conditio(e.g., Applied Mulch, Natural Leaf Litter)
1 Record Woody Shrubs and Saplings Count
o For each transect, take two steps (~6 ft) from the high mansland boundary
pole/stake into the riparian zone. Be careful to watch for any poison ivy
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o Holding a meter stick (1 m) with an
outstretched arm (~1 m), spin in a circle
and record the number of woody shrubs
and saplings that are at chest height or
taller within the circle (~12.5 &) (Fig J)

A Itis recommended to pick a
visual start and end point when
spinning to avoid overcounting

A Following the same guidance,
count the woody shrubs and
saplings that fall below chest
height

0 Take a photo(s) of the riparian plot(s)
vegetation using th&shoreWatch App

1 If a Rip Plot Point, click thé (in the bottom
right-hand corner) Fig &. Shruband sapling count.

o If a Ript+ TreesPoint, continue filling out  Spinning with a meter stick in han
the form to collect shrub and sapling count

Count Trees

1 Record the number of trees in the riparian zone
o Find the transect closest to the center of the living shoreline treatment then
stand at the high marshpland boundary facing the riparian zone
A If the riparian zone is on a bank or sloped above the marsh, walk up the
slope or banKFig 3B)

Fig 3B. Riparian measures on a sloped bank.

If the riparian zone is on a bank or sloped above the marsh, do not count the trees with the Cruz angle frc
high marshupland boundary (a). Instead, walk up the slope or bank (b) so that the trees are being measul
with an arm parallel to the ground drthe Cruz angle is angled at the breast height of the trees.
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o Hold the end of a Cruz angle chain to your nose with your other arm stretched
out in front of youparallel to the ground
A A Cruz angle gauge is used to estimate the average basal area at a site
1 Basal area is the crosectional area of trees at breast height.
Each of the openings on the gauge (5, 10, 20, and 40) represents a
different basal area factoBasal area @} is estimated by
multiplying the basal area factor used (e.g., 10) by the number of
trees countedFig 3)
A If you do not have a Cruz angle, you may use your outstretched thumb
o Turn in a circle and count the number of trees in the ripamane that fill the
number 10 opening, representative of 6 cm DBH (diameter breast height), and
are at least 1.5 m (~5 ft) away
A If using your thumb, only count trees that are not obscured by your thumb
A Count should be done at breast height, not by the bafsthe tree
A If a tree splits and has two trunks around breast height view, consider
them separately
o Take a photo(s) of trees measured with the Cruz angle
1 Optional, for more intensive data collection:
0 Presence or absence of deadd/or dying trees
0 List p to 5 of the most dominant riparian trees present
O Indicateinvasive plants observed

Fig ®. Riparian tree count using a Cruz angle.

a) Example of a tree that would be included in the tree count, as it fills in the number 10
opening.

b) Example of a tree that would not be includedthe tree count, as it does not fill the numbe
10 opening.
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Measure Bank Height

1 Record bank height measurement from the toe of the bank to the top of the bank using
a tape measure, meter stick or stadia rod
o The toe ofthe bank is the point where the slope meets the flat intertidal area
o The top of the bank is the break in slope where the bank transitions to upland

RipariarPerformance Measures

Living Shoreline What the measure
9 Data Output .

Measures indicates
Woodyshruts & Plot:No. of shrubs and saplingsfm Bank stability, diversity,
sapling density Treatment:average noshrubs and saplings/mz habitat provision
Tree abundance and Bank stabilitydiversity,
basal area Treatment:No. of trees basal area (f} of trees  habitat provision

Treatment:Naturalleaf litter, Applied mulch,
Ground condition Turf/grass,Bare ground or Impervious Bank stability
Treatment:Mowed, Landscape gardens, Potential stressors; marsh
General condition Wooded, orDeveloped migration capacity

Invasive species
Phragmites australis Treatment:Presence or absence colonization risk
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11. UPLAND BANK CONDIN®

@elect Monitoring Site D —) \
Q@ Living Shoreline Treatments on Site == Select LS Treatment

(§> Upland Bank Condition ==p- m =y Vegetative Coverage w=m==p

Vegetation Type
Bank Height

Bank Slope /

Bank The interface between the shoreline and the upland; may be gradual or steep.

\ Click Submit

A stable bank has uniformpread vegetation while an eroding bank may have little to no
vegetation. The plant roots help to stabilize the sediment on the slope.

Bank height can serve as an indication of erosion or stability and the potential for future
landward marsh migration.

Bank slope can determine marsh plant growth suitability. A more gradual slope allows for wave
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growth. Steep bank slopes lead to increased erosion as the waves bgikahk toe. A gentle

(low or sloping) slope (6:1) is optimal for plant growth and has the highest likelihood of marsh
migration. A migrange slope (3:1) accommodates marsh plant growth and some wave

attenuation. A steep slope exceeds what is suitablariarsh plant growth.

1 Record Vegetative Covera(geg., Dense, Patchy, Absent)
1 Record Vegetation Tyge.g., Trees only, Trees/Shrubs only, All herbaceous, Mixed
woody/herbaceous)
0 Herbaceous plants are those that do not have a woody stem above the ground
1 Record Bank Height
o0 Make a visual estimate and set a height categor{Fig40)
A Low:0-1.5m (0-5 ft)
A Medium:1.5¢ 4.6 m (5 15 ft)
A High:4.6-9.1m (5 - 30 ft)
A Bluff:>9.1 m (> 30 ft)
1 Record Bank Slope
o Place a meter stick flat on the ground from the base oflibek(i.e., at the high
marshupland boundaryfjowards the riparian zone



INITIAL SITE SBP AND MNITORING

o Open an inclinometer app on a phone or tablet and lay the device on the meter
stick, either flat or+ on its edge
A There are numerous free apps available for downl@ag., Bubble Level)
o Based on the degrees shown on the app, select the slope category

A

> > > >

Flat:<2.9 degree slope

Low Slope2.9- 10 degree slope
Moderate Slope>10- 20 degree slope
Steep Slopes20- 45 degree slope
Very Steep>45 degree slope

Fig40. Example images of different bank height categories.

Low bank height is §1.5 m (O¢ 5 ft), medium bank height is 1.64.6 m (5¢ 15 ft), high
bank height ig1.6¢ 9.1 m (5¢ 30 ft), and a bluff is >9.1 m (>30 ft).

Upland Bank Conditidherformance Measures

Living Shoreline Measure:

Vegetatve coverage

Vegetatiortype

Bank height

Bank slope

What the measure

indicates Data Output

Erosion or stability Treatment:DensePatchy, or Absent
Treatment Trees only, Trees/Shrubs
only, All herbaceous, Mixed

Erosion or stability woody/herbaceous
Treatment:Low bank ~@..5 m (65
ft), Medium bank ~1.4.6 m (515 ft),
High bank 4.6-9.1 m (15-30 ft), or

Erosion or stability Bluff >~91 m (>30 ft)
Treatment:Degree of slopeHat
Sope (<2.9 degrees)ow Slopg2.9-
10 degrees)Moderate Slopg>10-20
degrees)3eep Slopg€>20-40
degrees)or Very Steep Slope (>45

Marsh plant growth suitability degrees)
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ADVANCEBETUP: ESTABLISHEBPIFIC BANK MEASUREW POINTS

@elect Monitoring Site = \

&) Living Shoreline Treatments on Site == Select LS Treatment

(_6) Specific Bank Measurements == m -

Glaieeliial = Bank Measurement|D/Name

\Click Submit /

Establish Specific Bank Measurement Points at locations along thedeawkere you wll
measure bank height andogle at that location

1 Give the point a unique Bank Measurement ID/Name

ADVANCEDIONITORING: RECORBNK MEASUREMENTS

/Select Monitoring Site |:| == I

(97 Living Shoreline Treatments on Site == Select LS Treatment

Measurements

(9') Specific Bank Measurement == [ dfzmel i e ] =)

Click to save
\Stick Y,

1 Record Bank Heiglm meters
0 Using a tape measuyeneter stickor stadia rodmeasure the bank heigtitom
toe of the bank to top of the bank
1 Record Bank Slope Percent or Degrees
o Place a meter stick flat on the ground from the base oftibek(i.e., at the high
marshupland boundaryjowards the riparian zon@-ig41)
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o Open an inclinometer app on a phone or tablet and lay the device on the meter
stick, either flat or+ on its edge
1 Add any relevant Notes about the bank at this location
1 Take a photo of the bank at thisclation

Fig4l. Measuring bank slope
Measuring the degree of the bank slope by placing a meter stick flat on the ground from the

marshupland boundary towards the riparian zone. The phone isgolam its side with its edge
resting on top of the meter stick.
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12. EROSION & OTHER PREBI AREAS

Shoreline erosion ignatural coastal process that helps sustain natural habitats like marshes
andbeachesbutin areas with human infrastructure close to shore, excessive erosion may
increase flooding risk.iving shorelines maintain natural processes while reducing erosion.
Tracking signs of erosi@iong the edge of the marsh and the bafkg. 42)canindicate if the
site is improving or if the project is not performing as well as hoped.

Other problem areas may ihude bare spots within the marsh, damage caused by wildlife, or
excessive trasbr wrackbuild-up. Highlighting these areas can sigite@ need for maintenance
or additional attention.

If corrective measures are taken to fix these areas,stia¢us of the point can behanged to
Resolve@o indicate that the issue was resolved.

Fig 2. Sites with evidence of erosion.

a) Eroding bank with bank slumps, fallen trees, and exposed roots.
b) Eroding bank with bank slumps and surface runoff channels.

c) Eroding marsh edge and bank wekposed roots.

d) Eroding marsh edge with scarp and exposed peat.






























