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1 Project Management
1.1 Title and Approval Page
See page 1.

1.2 Table of Contents
See pages 2 - 3.

1.3 Distribution List
US EPA Region 1

Ocean and Coastal Protection Unit Quality Assurance Unit
Matthew Liebman Bryan Hogan
liebman.matt@epa.gov hogan.bryan@epa.gov

Casco Bay Estuary Partnership
Curtis Bohlen Matthew Craig
Curtis.Bohlen@maine.edu Matthew.Craig@maine.edu
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Table I.1 List of Acronyms & Abbreviations

Abbreviation Meaning

APP Appendix

CBEP Casco Bay Estuary Partnership

cCMmP Comprehensive Conservation and Management Plan
CLF Conservation Law Foundation

DI Deionized (water)

EPA U.S. Environmental Protection Agency

GIS Geographic Information System

GOMC Gulf of Maine Council on the Marine Environment
GPAC Global Programme of Action Coalition for the Gulf of Maine
GPS Global Positioning System

GRTS Generalized Random Tessellation Stratified Sample
LIDAR Light Detection and Ranging

LTC Level, temperature, conductivity

MDOT Maine Department of Transportation

MEGIS Maine Office of GIS

MNRCP Maine Natural Resources Conservation Program
NEP National Estuary Program

NOAA National Oceanic and Atmospheric Administration
Pl Principal Investigator

PM Project Manager

PSC Plant species of concern

PSU Practical salinity unit

USM University of Southern Maine

QA/QC Quality assurance and quality control

QAPP Quality Assurance Project Plan

RTK GPS Real time kinematic global positioning system

SAP Site Analysis Plan

soP Standard Operating Protocol

WSR Wallace Shore Road, Harpswell
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1.4 Project Organization
The following individuals will carry out major responsibilities for the project’s activities. An

organization chart is shown in Figure 1.

Dr. Curtis Bohlen is the Principal Investigator (Pl) and works with the Project Manager on
protocol development and refinement. Bohlen revised and edited the QAPP. The Pl reviews
and approves SAPs (Site Analysis Plans), and supports data archiving, data QA/QC, data
processing, and analysis. Bohlen leads vegetation monitoring.

Matt Craig, is the Project Manager (PM) for marsh monitoring and the principal QAPP author.
The PM works with the Pl on protocol development and refinement, and is the person primarily
responsible for developing SAPs, coordinating with partners, implementing monitoring
activities, managing data, reporting to funders, day to day management and training of field
staff, and assessing consistency with protocols.

Bryan Hogan, EPA is the QA Officer and provides QA oversight through the QAPP development,
review, approval and renewal processes.

Dr. Matthew Liebman, EPA Project Officer for CBEP, coordinates QAPP review and approval
between the QA Manager and CBEP.

Project partners include funders and agencies. CBEP works with project partners to develop
SAPs and ensures that SAP protocols are consistent with this QAPP.
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Field Staff include graduate students, interns, temporary field staff, volunteers, and
collaborating partners.

(\[o] ]
Conlon, QA
Manager

Curtis . Matt
Bohlen, PrOJeCt Liebman,

Principal Project
Investigator Team Officer

Matt Craig,
Project
Manager

Project
partners

Field staff

Figure 1. Organization Chart

1.4.1 Amendments or revisions to QAPP
Over time, amendments or revisions to the QAPP may be required. Revisions may be necessary

(1) to reflect changes in project organization, tasks, schedules, objectives, and methods; (2) to
add descriptions of additional monitoring methods; (3) to address deficiencies and
nonconformance; (4) to improve operational efficiency; and/or (5) to accommodate unique or
unanticipated circumstances. Requests for Amendments/Revisions will be made by CBEP to EPA
via email. Any changes that significantly affect the technical and quality objectives of the
project will require a revision and re-approval of the QAPP, and a revised copy will be sent to all
persons on the distribution list.

1.5 Problem Definition/Background

1.5.1 Problem Statement
This Quality Assurance Project Plan (QAPP) covers work by the Casco Bay Estuary Partnership to

document current condition of, and monitor changes in, tidal wetlands. Condition of tidal
wetlands can change due to numerous factors, such as changes in surrounding land use, altered
hydrology, sea level rise, climate change or environmental restoration. A principal purpose of
CBEP’s tidal wetland monitoring in the past has been to document changes in tidal wetlands in
response to habitat enhancement and restoration projects whose primary objective was to
increase tidal exchange by removing or replacing an existing built structure (typically, a culvert).

7
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However, the methods described here can be used to evaluate site conditions for other
reasons, or to track changes in tidal wetlands occurring in response to other sources of
environmental change. Concern in the Northeast has been growing about long term changes in
coastal wetlands, especially those caused by climate change and sea level rise. Methods used
for documenting response of tidal wetlands to restoration and documenting response to
environmental change are broadly similar.

This QAPP thus incorporates methods that can be used (1) for rapid site assessments, (2) for in
—depth characterization of wetland condition, and (3) for monitoring multi-year changes in tidal
wetlands, including changes that occur in response to habitat restoration or enhancement
efforts.

This QAPP outlines standard protocols used in (1) desktop evaluations of site conditions, (2)
preliminary and "rapid" site assessments at sites of interest, and (3) in-depth, generally multi-
year monitoring programs subject to SAPs tailored to specific sites.

1.5.2 Tidal Restrictions and Ecological Restoration
Salt marshes are highly productive ecosystems that provide numerous benefits to human and

ecological communities. Salt marshes remove nutrients and other pollutants from water,
provide food for shellfish and finfish, provide nursery habitat for juvenile fish, provide critical
habitat for certain birds and wildlife, mitigate floods and attenuate wave energy, and serve as
recreational destinations for people. (Tyrell 2005; Taylor 2008).

Salt marshes maintain ecological functions and values through intrinsic processes including
regular exchange and inundation of tidal water, which transports salt, nutrients, nekton, and
sediments via tidal creeks, as well as via sheet flow across the marsh surface during astronomic
high tides. Tidal creeks also provide freshwater drainage out of a marsh system. (Mitsch and
Gosselink 2001; Taylor 2008).

Hydrologic processes can be altered when roads, railroads, utilities (water, sewer, gas), and
other structures are constructed over marshes and estuaries. In Casco Bay, the exchange of
fresh and salt water beneath these structures is often concentrated through culverts at the
creek channel. Many undersized or poorly set tidal culverts were installed without sufficient
attention to a tidal cycles, floods, storm surge and sea level rise. Consequently, tidal culverts
are frequently undersized, misaligned, or set at the wrong elevation, and it is common for all
three conditions to occur at a site. These deficiencies result in altered natural hydrology and
associated impacts to core ecological processes, and are often described as tidal restrictions.
Tidal restrictions constrain the free exchange of salt and fresh water between upstream and
downstream wetlands, altering natural hydrology and associated processes, resulting in
reduced duration, depth, and extent of tidal inundation; reduced freshwater drainage out of
the marsh; and impoundment of surface and groundwater. Hydrologic alteration can lead to

8
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colonization by non-native species, as well as changes to plant community composition,
biogeochemistry, salinity, water quality, sediment and nutrient exchange, and faunal
populations. (Burdick and Roman 2012).

In some cases, the impacts associated with tidal restrictions can be reduced or reversed, and
wetland communities enhanced, by partially or fully restoring natural hydrological processes. A
typical tidal restoration project would replace an undersized culvert with a larger new
structure. This episodic change in hydrology can, over time, enhance physical characteristics in
a marsh and allow for reestablishment of plant and animal communities (ibid).

Tidal restoration at restricted marshes has been a priority within the Gulf of Maine for decades
(Neckles and Dionne 2000; GOMC 2004), and within Casco Bay, since 1999, when CBEP and
project partners launched phase | of the Return the Tides project, which inventoried tidally
restricted salt marshes in Casco Bay (CLF 2000). Tidal restoration has been a focus of CBEP
habitat restoration efforts since the CLF report, but CBEP capacity to lead implementation
increased in 2008 and as of 2017, several tidal restoration projects have been undertaken.
Protecting, restoring and enhancing key habitats in Casco Bay is one of four core goals of the
2016-2021 Casco Bay Plan, which serves as the CCMP for CBEP. Action 1.2A of the Plan calls for
CBEP to lead coastal habitat restoration and enhancement efforts with a focus on tidal
wetlands and tidal restrictions.

CBEP has facilitated three tidal restoration projects as of 2016 and has developed and
implemented site-specific monitoring plans for these sites. Integrated approaches to
ecosystem monitoring provide information about project outcomes that inform future
assessment and management activities. Monitoring reports are provided to project funders
including MDOT, MNRCP and NOAA.

1.5.3 Long Term Changes in Tidal Wetlands
Hydrology is widely recognized as a major driver of wetland ecosystem structure and function

(Mitsch and Gosselink 2001). Tidal wetlands occur in areas inundated periodically by tidal
action. The ecology of these wetlands is strongly structured by environmental gradients
created by the tides, especially those related to inundation and salinity.

Local projections suggest anywhere from 0.5 meter to 2 meters of relative sea level rise (SLR) in
the Casco Bay region (e.g., Bohlen 2012). The 2014 National Climate Assessment offers a risk-
based range of from one to four feet of global sea level rise by end of the century, while noting
that historical levels of SLR in the northeast have exceeded global averages (Melillo et al. 2014,
Horton et al. 2014). Impacts of SLR on tidal wetlands have been well documented, especially in
areas with limited tidal range and elevated subsidence.
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In recent decades, wetland managers have become increasingly concerned about the potential
impact of sea level rise on tidal wetlands, and calls have increased for creation of networks of
“sentinel sites” to track long-term changes in salt marshes and other coastal ecosystems (e.g.,
the NROC / NERACOOS Sentinel Monitoring Network, and the NERRS System Wide Monitoring
Program).

SLR is not the only potential long-term driver of change in coastal wetlands. While direct filling
of tidal wetlands in Maine is relatively rare due to regulatory restrictions, less direct
anthropogenic impacts are widespread. Precipitation patterns the northeast have altered in
recent years, leading to increases in total precipitation and a shift toward more intense storms.
Those trends are expected to continue. Climate warming has shifted peak river flows earlier in
the spring, and is likely to affect salt marsh ecosystems indirectly through a number of
mechanisms, such as a reduction in ice scour, or increases in evapotranspiration. Deegan et al.
have documented changes in tidal marsh structure and function following experimental
increases in nitrogen loading (Deegan et al. 2012). Non-native green crabs, which boomed in
population following the warm winters of 2012 and 2013 were widely reported to burrow into
tidal creek banks, accelerating erosion. How such stressors will interact with sea level rise
remains little understood.

A primary purpose of long-term salt marsh monitoring, therefore, is to observe changes in
coastal wetlands to provide insight into forces driving changes in tidal wetlands, improve
forecasting of future wetland condition, provide ground truth data to compare with model
forecasts, and guide future discussion of potential wetland management alternatives. The goal
is not short-term hypothesis-driven science, but long-term collection of data using consistent
methods to provide background understanding of patterns and change.

1.6 Project Description and Schedule
1.6.1 Description
The strategies and actions outlined in the 2016-2021 Casco Bay Plan, (Especially Actions 1.2.A:

Lead coastal habitat restoration efforts; and 4.3.B: Facilitate improved research on changes in
Casco Bay) call for continued monitoring of tidal marshes in Casco Bay. The purposes of this
monitoring include:

(1) assessing the impact of tidal restrictions - built infrastructure, such as roads, railroads,
dikes, dams, and other structures - on tidal marsh condition;

(2) monitoring ecosystem response to restoration and enhancement activities, such as
culvert replacements; and

(3) Documenting long-term changes in Casco Bay's tidal wetlands.

Monitoring results will be used to inform future assessment, restoration, and management
activities.

10
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This QAPP serves as an umbrella document for outlining protocols for data collection in tidal
marshes. Procedures described here include both rapid site assessment methods used for site
assessments before a long-term monitoring is established at a site, as well as methods used for
long-term monitoring. Site-specific monitoring sampling and analysis plans (SAPs) are
developed for project sites when the decision is made to establish long-term monitoring, based
on site-specific project goals and objectives, and requirements of project funders.

Monitoring of tidal wetlands falls into three natural phases:

(1) Initial site assessment, including assessment of restoration feasibility;

(2) Documentation of baseline conditions and establishment of a framework for long-term
monitoring; and

(3) Long term monitoring to evaluate changes in the marsh system over time.

Phase 1 (Site Assessment) is carried out principally using desktop assessment and rapid
assessment methodologies. For evaluation of potential restoration sites, it includes collection
of additional data sufficient to evaluate ecological and engineering feasibility of restoration,
such as data on marsh hydroperiod and marsh surface elevation. The primary purpose of Phase
1 data collection is to provide information to evaluate sites as restoration opportunities or long-
term monitoring sites. Site assessments may also be carried out to provide information
(sometimes at the request of partner organizations) on condition of tidal wetlands. Phase 1
assessment methods are intended to be flexible, inexpensive, and quick, involving limited time
in the field, and providing mostly qualitative information. Site assessments may or may not
result in production of a formal assessment report. Phase 1 evaluations will be carried out
without development of a SAP.

Phase 2 (Baseline Condition and Monitoring Framework) represents a significant investment in
planning and data collection, and will typically only be carried out at sites where a decision has
been made to establish long-term monitoring. Where long-term monitoring is planned, a SAP is
required and will be developed before baseline monitoring begins.

Phase 3 (Long Term Monitoring) represents ongoing monitoring programs, typically continuing
for three years or more. A SAP will be required before long-term monitoring begins.

1.6.2 Special Practices for Monitoring Restoration Sites
The overall goal of monitoring restoration projects is to understand the impact of restoration

on ecosystem structure and function. The strategy is to document and assess tidal marsh
conditions pre- and post-project, and evaluate changes to the marsh that occur as a result of
tidal restoration. Monitoring results are used to inform future tidal restoration assessment and
restoration project work, and to report to project partners.

11
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To achieve that, we document and assess tidal marsh conditions pre- and post-project, both at
the project site and at a nearby reference site unaffected or minimally affected by restoration.
Project Site and Reference Site are defined in the SAP. Changes observed at the Project Site
that are not also observed at the Reference Site are likely to be the result of restoration
activity. For tidal restoration projects, the Project Area is generally immediately upstream of
the structure (culvert, dam, etc.) being altered to restore tidal flow, while the reference area
may be nearby or immediately downstream.

Long-term monitoring of restoration projects begins with initial site assessment (Phase 1) and
formal collection of baseline data (Phase 2) at least one field season prior to project
implementation. Pre-project assessment provides an essential comparison with post-project
(Phase 3) monitoring.

1.6.3 Project Schedule
Field based assessment and monitoring occurs between April and October. Additional

information is provided in conjunction with protocols for individual monitoring parameters.
Monitoring locations and schedules are defined in site-specific Sampling and Analysis Plans
(SAPs.) Current (Summer 2018) monitoring locations include:

e Appletree Marsh (Harpswell, Maine),
e High Head Road (Harpswell, Maine),
e Long Marsh (Harpswell, Maine), and
e Thomas Bay Marsh (Brunswick, Maine).

We anticipate adding additional monitoring sites and dates in the future, both for continued
monitoring of restored sites and also for tracking of changes in tidal wetlands.

1.7 Quality Objectives and Criteria
Monitoring tasks are often similar regardless of the objective of the monitoring program.

Phase 1: Initial Site Assessments

Quality objective 1: Document current condition of tidal wetland (Rapid site assessment).
Task: Conduct "desktop" assessment of tidal wetland condition
Task: Conduct rapid field assessment
Task: Document visual indicators of altered hydrology from anthropogenic structures

Quality objective 2: Assess impacts of built structure(s) on marsh hydroperiod.
Task: Document visual indicators of altered hydrology from anthropogenic structures.
Task: Document the nature and physical characteristics of the tidal restriction or other
structure
Task: Monitor surface water level (tidal signal) and salinity upstream and downstream
of the structure.

12
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Quality objective 3: Assess whether tidal restoration is a suitable management response to
relieve or reverse impacts of tidal restrictions, to enhance ecological processes, or to promote
ecological resilience.
Task: Evaluate elevation of marsh and low-lying upland areas in relation to tidal datums
and water level data.
Task: Prepare hydrology and channel morphology data for hydraulic modeling
associated with engineering feasibility studies.
Task: Summarize, analyze, and characterize hydrology monitoring results.

Phase 2: Baseline Monitoring

Quality objective 4: Characterize site condition
Task: Develop Sampling and Analysis Plan (SAP) for the site based on rapid assessment
and other available data
Task: Document or sample vegetation communities
Task: Survey for the presence of invasive plant species
Task: Sample and monitor pore water salinity
Task: Sample/survey channel morphology
Task: Monitor surface water level (tidal signal) and salinity
Task: Sample/survey marsh surface elevation
Task: Summarize, analyze, and characterize assessment data

Phase 2: Long Term Monitoring

Quality Objective 5: Monitor Changes in Site Condition
to assess long term changes in marsh condition, or document changes to the marsh system
associated with restoration.
Task: Document or sample vegetation communities
Task: Survey for the presence of invasive plant species
Task: Sample and monitor pore water salinity
Task: Sample/survey channel morphology
Task: Monitor surface water level (tidal signal) and salinity
Task: Sample/survey marsh surface elevation
Task: Survey for the presence of invasive plant species
Task: Summarize, analyze, and characterize assessment data

13
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Table 1. Desktop and Rapid Assessment Methods, Purpose, and Data Quality. Desktop and rapid assessment methods are used during initial site
assessments. Rapid assessment data support deciding whether in-depth data collection is warranted and provide information to facilitate
development of a SAP.

Parameter / Description of Purpose Data Quality Units Comment
Measurement Method Goals
Site Elevation  LiDAR coverage Compare marsh  Available public UTM Zone Used to calculate hydroperiod and tidal
of the Casco Bay  elevation with data; Vertical 19 North,  prism; and identify discrepancies
region assembled tidal data accuracy 25cm NADS83, between observed and anticipated
by CBEP from MSE, horizontal € NAVD 88  vegetation
NOAA and USGS 5m grid size.
Lidar Coverages.
Bohlen et al. 2012
Watershed GIS analysis of Characterize +10% Acres, Lower resolution DEMs (ca. 5 or 10m
size DEMs, typically freshwater square grid) can be easier to work with, and
derived from inflows meters or  often provide similar accuracy for this
LiDAR compared to hectares purpose compared with higher
tidal exchange resolution data.
Wetland Area Interpretation of  Identify + 10m UTM Zone NWI data standards call for mapping
National Wetland approximate 19 North, wetlands down to 1 acre (See USFWS
Inventory data wetland NADS83 2004), with a positional accuracy of 10m
boundaries (33 feet).
Interpretation of  Identify higher + 2m UTM Zone Recent georeferenced imagery is
aerial resolution 19 North, available through the MEGIS, Google
photographs wetland NADS83 Earth and ArcGIS base map layers.
boundaries
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Table 2. Rapid Assessment Methods, Purpose, and Data Quality (Continued)

Parameter / Description of Purpose Data Quality Goals  Units Comment

Measurement Method

Surrounding Qualitative Assess whether Qualitative only Low,

development field area surrounding Medium,
observation; the tidal wetland or High
Analysis of has a high level of
aerial development
photography
GIS analysis of Calculate percent  Best available data, Percent https://catalog.data.gov/dataset/national-land-
land cover developed in considering date developed ~ cover-database-nicd-land-cover-collection
data buffer and/or in and resolution; Maine's most recent land cover data is

watershed Resolution no on a 5m grid, but it dates to 2004, so it
worse than NLCD is only suitable where little land use
2011 at 30 m grid. change has occurred as assessed by
looking at aerial photography.
GIS analysis of Assess percent Best available data, Percent Maine's high resolution impervious
impervious impervious in considering date impervious cover data dates to 2007, with 1 m
cover data buffer and/or in and resolution resolution. No more recent data is
watershed available.

Vegetation Plotless Document Identify common Presence/ Approximate locations of observations
"relevé" common and plant species and absence; documented with notes on paper maps
observation dominant species major vegetation Qualitative  and/or GPS coordinates recorded with
of vegetation types (e.g., low relative consumer-grade GPS receivers.
composition marsh, high marsh) abundance
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Table 2. Rapid Assessment Methods, Purpose, and Data Quality (Continued)

Parameter / Description of Purpose Data Quality Goals  Units Comment
Measurement Method
Spatial pattern Aerial Document +10feet/3 m. UTM Zone  Recent georeferenced imagery is
of vegetation  photography broad- Note large (> 750 19 North, available through the MEGIS and
zones interpretation  characteristics of sq feet/ 65 sq m) NADS83 Google Earth and ArcGIS base map
vegetation inclusions layers.
Sketch map on Document Approximate UTM Zone
pre-printed changes in locations only 19 North,
site maps vegetation (e.g., NAD83
along a salinity
gradient)
Mapping of Track changesin *10feet/3 m; UTM Zone  High quality boundaries require use of a
vegetation location of major Note large (> 750 19 North, survey-grade GIS receiver, such as the
boundaries vegetation zones sq feet /65 sq m) NAD83 Trimble GeoXT. Consumer-grade GPS
using GPS (e.g., low marsh, inclusions receivers do not record PDOP, making it
high marsh) difficult to evaluate data quality.
Indicators of Site visit Document Approximate UTM Zone Indicators include, presence of scour
altered evidence of locations only 19 North, pools, changes in vegetation,
hydrology hydrologic NADS83 observation of restricted flow, changes
alteration in water surface elevation etc.
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Table 2. Principal Parameters, Purposes and Associated Data Quality Goals. Principal parameters are measured for in-depth site characterization,
and as part of long-term site monitoring of restoration sites and reference sites. Nominal method performance information is provided in table 4.

Parameter /
Measurement
Pore water
salinity

Purpose(s)

Distinguish between fresh (<0.5
%o) , oligohaline (< 5 %.o),
mesohaline (< 18 %o), polyhaline
(< 30%0) and euhaline (< 36%o)
conditions.

Data Quality Goals

Measure salinity to £1
%o below 5 %o, and to
+2 %o above 5 %o

Comment

Pore water salinity is measured on samples in
the field using a refractometer, which
measures in %o (parts per thousand). Sample
volumes are not sufficient to allow use of
electrochemical conductivity meters.

Identify differences or changes in
pore water salinity of 5 %o

Measure salinity to 2.5
%o throughout range

For comparisons of conditions above/below
tidal restriction; before/after restoration; by
time of year, etc.

Surface water
salinity

Distinguish between fresh (<0.5
%o) , oligohaline (< 5 %o),
mesohaline (< 18 %o), polyhaline
(< 30%0) and euhaline (< 36%o)
waters; profile salinity upstream
to downstream along tidal
channels or in surface pools

Salinity to 1 %o / £1
PSU below 5 %o / 5 PSU,
and to 2 %o / +2 PSU
above 5 %o / 5 PSU.

While surface water salinity is principally
measured using electrochemical conductivity
sensors on data loggers, refractometers
(reporting salinity in %o) are used during rapid
site assessments.

Document effect of tidal
restrictions on surface water
salinity and assess mixing of fresh
and salt water.

Accuracy, 1-2 PSU;
Range <1 to 37 PSU.

Surface water salinity is principally measured
using conductivity sensors on data loggers
(reporting salinity in PSU). Target salinity
range corresponds to specific conductance of
2,000 uS/cm to 55,0000 us/cm.
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Table 3 (continued). Principal Parameters, Purposes and Associated Data Quality Goals

Parameter /
Measurement
Elevation;
Channel cross
section;
channel profile
(depth)

Purpose(s)

Link elevation of instruments to
vertical datum, other instruments
or to marsh surface

Tidal Wetland Monitoring QAPP

Data Quality Goals

+ 2 inches (5 cm)

Comment

This measurement influences data quality for
many purposes. Accuracy of measurements
made with optical levels is influenced by field
conditions (wind, soil strength, etc.).

Document relative tidal marsh
elevation profiles or cross-
sections

* 2 inches (5 cm);
+ 8 inches (20 cm)

Profiles measured with optical levels achieve
the higher precision. Available LIDAR coverage
(2017) is incomplete and has high nominal
error (+16.5 cm RMSE), although comparison
with RTK GPS suggests performance is often
better than that suggests.

Document changes in channel
depth and cross-section

+ 0.1 foot (~ 3cm)
vertical, +0.25 foot (™
7.5 cm) horizontal;
Document 20% change
in cross-sectional area.

Geometric approximations introduce
uncertainty in cross section estimates, which
are controlled by selection of measurement
points in the field
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Table 3 (continued). Principal Parameters, Purposes and Associated Data Quality Goals

Parameter /
Measurement
Water surface
level

Purpose(s)

Relate water surface elevation to
predicted and observed tides at
NOAA Tide Station at Portland,
Maine

Data Quality Goals

Within £5 min of
nominal; surface water
elevation to £ 2 inch (5
cm); tie-in to vertical
datum + 2 inches (5
cm).

Comment

Relate water surface elevation to
marsh surface elevations and
assess hydroperiod

Measurements of
surface water elevation
to+2inch (5cm)

Accuracy of comparison is generally limited by
quality of topographic data (LIDAR).

Document differences in
hydrology above and below tidal
restrictions; document changes in
hydrology in response to
restoration.

1inch (2 cm) vertical
elevation, data at least
every 15 minutes. Time
of measurements within
15 minutes of nominal

Tie-in to vertical datum not always practical or
necessary. Precision often limited by accuracy
of leveling, not precision of water level
sensors.
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Table 3 (continued). Principal Parameters, Purposes and Associated Data Quality Goals

Parameter /
Measurement
Vegetation
community

Purpose(s)

Document composition of
vegetation and changes in
composition of vegetation

Data Quality Goals

Record percent cover
with sufficient precision
to allow classification
into ordinal cover
classes

Comment

Given high observational errors using visual
percent cover estimates, ordinal cover classes
(e.g., Braun-Blanquet cover classes: Rare; <
1%; < 5%; < 25%; < 50%; < 75%; > 75%).0r
presence-absence data support more robust
analyses than using percent cover values.

Document changes in vegetation
over time

Place repeat vegetation
plots within™~ 3 meters
of nominal location

Document or detect change in
plant species richness

Identify 80% of
taxonomic units to
species.

Document or detect change in
dominant or diagnostic plant
species (e.g., Spartina, Typha and
Salicornia spp.).

Record cover of
dominant and common
species to £10%.
Identify at least 80% of
plant cover in each plot.

Dominant species: > 50% cover in any plot
Common species: present in > 10% of plots

Document shifts in species
composition (presence / absence)

Record cover of
dominant and common
species to +10%.
Identify at least 80% of
plant cover in each plot.
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Table 3 (continued). Principal Parameters, Purposes and Associated Data Quality Goals

Parameter / Purpose(s) Data Quality Goals Comment
Measurement
Species of Determine whether species of Presence/absence; Species of concern typically include invasive
Concern concern are present on site, Approximate location plants.
determine whether and where to  (to relocate stands in
implement invasive plant subsequent visits)
controls.
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Table 3. Principal parameters measured in the field, instruments and methods, with nominal method performance specification, based on
instrument manuals and specification datasheets listed in App. A.

Parameter Units Method/ Instrument Accuracy Precision/ Comment
Resolution
Salinity, by %o or PSU Advanced Microscopy 0to50 %o  +1 %o 1 %o The refractometer is used for
refractometer Group RHS-10ATC measuring salinity in
salinity refractometer groundwater and for rapid
with automatic assessment of surface waters
temperature
compensation (or
similar)
Salinity by PSU or %o Onset HOBO Salt 2-35PSU 5% of 2 uS/cm Salinity calculated using PSS-
data logger Water readingint (<<0.1 78, the Practical Salinity Scale
Conductivity/Salinity 3,000 PSU) 1978, in HOBOWare Pro.
Data Logger uS/cm These values correspond to
waters specific conductance of 5,000
to 55,000 uS/cm (high range)
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Table 4 (continued). Principal parameters measured in the field, instruments and methods.

Parameter

Method/ Instrument

Range

Accuracy

Precision/
Resolution

Comment

Barometric Pressure
Sensor

Channel cross  Ft. (NAVD 88); Topcon AT-B3 auto Distance: 1 Elevation: Varies with  Field conditions (mud, wind;
section area; Ft.2 level ft. to 500 Std. dev. for distance etc.) can degrade data quality
channel ft. 1 km double below nominal instrument
longitudinal run leveling: values
profile (depth) 1.5mm

Crain SVR-25-Tenths Oto25ft.  Varieswith .01ft(~2

stadia rod extension mm).

height

Keson English/ Metric 0 to 300 +.01ft.; 2 .01 ft.;

Open Reel Fiberglass  ft.; 0 to mm 2 mm

Tape 100 m
Water surface  Ft. (NAVD 88); Onset HOBO Titanium Oto 13 ft.  Typ.:+0.01  0.005 ft. In practice, data quality is
level Water Level Data ft; Max.: limited by accuracy of

Logger; Onset 0.02 ft leveling, not nominal

accuracy of instruments
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Table 4. Principal parameters measured in the field, instruments and methods (continued).

Parameter

Units

Method/ Instrument

Accuracy

Precision/
Resolution

Comment

Vegetation Percent Cover Visual percent cover 0-100% See 1% Data recorded to nearest 1%.
Community estimates in 1 m? (cover by Comment Accuracy varies:
plots species) + 1% for cover < 10%;
+ 5% for cover < 25%;
+ 10% throughout range.
Braun- Modified Braun- Ordinal Ordinal Ordinal Ordinal cover classes are
Blanquet or Blanquet cover values values values derived from percent cover.
Standard classes: Rare; < 1%; <
Cover Classes  5%; < 25%; < 50%; <
(App. A) 75%; > 75%)
Presence / Visual observationin 1 Present/ Derived from percent cover.
Absence m?2. plots Absent Identify 80% of species and
80% of cover in each plot
Species of Presence Visual observations Present /
Concern during a meander Absent
survey of the marsh or
project area.
Location Consumer-grade GPS ~ Worldwide +3m +1m
(UTM Zone (e.g. Garmin) with (typical) (UTM)
19N, NAD83)  WAAS enabled
Location Interpretation of Depends Depends on Depends Method not used if image
(UTM Zone georeferenced aerial on image image on image quality cannot support
19N, NAD83)  photographs availability  quality. quality accuracy of £ 5m or better
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1.8 Special Training and Certifications
Field crew members will have sufficient previous training and experience to reliably conduct

field data collection or they will receive training from the CBEP Project Manager, Director,
and/or other scientists with relevant expertise. All field crew members will receive training on
appropriate QA/QC procedures.

1.9 Documents and Records
The most current approved version of the QAPP will be provided to the appropriate personnel

by the CBEP Project Manager. All data collected will be maintained in raw form (paper originals
and scanned copies of original field data forms) and electronic form (database and image
library) in the CBEP Project Manager’s office at USM Wishcamper Center, 34 Bedford Street,
Portland, Maine. The QAPP and SOPs will be dated to distinguish among different versions in
case there are revisions made over the course of the project. Electronic data records, including
results of the assessments and analyses, will also be maintained at CBEP for at least five years.

The Project Manager will be responsible for assuring that all parties and project personnel have
the most recent version of the QAPP, any amendments to the QAPP, and any updates. The
Project Manager will ensure that instrument operator manuals and standard operating
protocols (SOPs) are up to date and available during the period of the project. Table 5 lists
specific documents and retention protocols.

Table 4. Document and record retention information.

Document/Record Location Retention Form

QAPP CBEP, EPA 5 years Paper/electronic
Field notebooks CBEP 5 years Paper

SOPs CBEP 5 years Paper/electronic
Data sheets CBEP Indefinitely Paper/electronic
Continuous CBEP Indefinitely Electronic
hydrology data

Project databases CBEP Indefinitely Electronic
Annual Report with  CBEP and funding Indefinitely Paper/electronic
data interpretation partners

2 Measurement and Data Acquisition

2.1 Introduction
CBEP’s in-depth marsh monitoring programs generally follow protocols outlined in the GPAC

Protocols (Neckles & Dionne 2000 -- included as Appendix B; Neckles et al 2002), which
recommend a tiered approach to monitoring of hydrology, vegetation, and other variables.
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CBEP’s current monitoring program emphasizes documenting changes in surface water height
and salinity, groundwater depth and salinity, pore water (soil) salinity, channel morphology,
and vegetation pattern. Monitoring and assessment activities occur at tidal marshes around
Casco Bay, particularly those where documented structures such as roads, railroads, dams,
dikes, or other structures suspected to affect the movement of water into and out of a tidal
marsh. Over 80 such sites (“tidal restrictions”) are present (CLF 2000; CBEP 2012) or have been
identified for further assessment.

CBEP collects preliminary data ("rapid assessments") at sites that may not go on to be
monitored on an ongoing basis. Results of rapid assessments help determine whether a site is
suitable for tidal restoration or would make a good long-term monitoring location. Data from
rapid assessments are used in preparing SAPs.

SAPs will be developed for each marsh where long term monitoring is planned. SAPs will
provide site-specific sampling design details, including identification of key monitoring
parameters (which may vary from site to site depending on the purpose of monitoring),
sampling locations and the sampling schedule.

As part of previously completed tidal restoration projects, CBEP has developed formal
Monitoring Plans for three locations. Those Monitoring Plans function as SAPs for purposes of
this QAPP. The sites with existing Monitoring Plans / SAPs include:

e Thomas Bay Marsh at Adams Road in Brunswick, restoration in 8/2011
e Long Marsh at Long Reach Lane in Harpswell, restoration in 1/2014
e Appletree Marsh at Wallace Shore Road in Harpswell, restoration in 12/2014

Project monitoring is also occurring at High Head Road in Harpswell, constructed in 12/2016.
The monitoring program is structured in three phases:

(1) Initial site assessment, including assessment of restoration feasibility;

(2) Documentation of baseline conditions and establishment of a framework for long-term
monitoring; and

(3) Long term monitoring to evaluate changes in the marsh system over time.

Note: Numerous tangible and intangible feasibility considerations, such as flood risks to low
lying private developed areas, the presence of utilities, community sentiment, engineering or
modelling, etc. factor into restoration project planning, but are not incorporated into this
document.

2.2 Initial Site Assessment
Initial site assessments are carried out for a variety of purposes, such as gathering information

to provide technical assistance to Partners, or assessing sites as potential restoration targets.
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Since the purpose of assessment varies, so do the details of how each is carried out. A primary
purpose of an initial assessment is often to evaluate whether a site merits additional
monitoring effort or to gather information needed for planning restoration or long-term
monitoring. Initial site assessments are carried out without the benefit of a formal SAP.

2.2.1 Desktop Assessment
Desktop assessment utilizes existing and readily available remote sensing data via GIS, Google

Earth, and similar tools to inform assessment and monitoring activities, and inform where to
invest staff and resources for further work. Desktop assessment may be carried out with or
without rapid field assessments. Initial summary information is recorded on a data sheet
(Appendix A).

Electronic data (typically geospatial data) gathered during the desktop assessment, if any, are
stored in a site-specific folder on CBEP computers or servers, along with related data
documentation. Documentation provides references to original sources. Formal metadata is
provided when readily available from data providers. Any data manipulations beyond visual
inspection carried out by CBEP are documented in a narrative report or brief “readme” file
stored with the data. Since data are not intended for secondary use or publication, CBEP staff
will not develop metadata that complies with metadata standards.

2.2.1.1 General Geographic Data
The following data is available via review of readily available on-line sources of geographic data

and aerial imagery, such as the Maine Office of GIS (MeGIS) and Google Earth.

e Location
e Wetland boundary and area
e Ownership and parcel information
e Narrative description of adjacent land use
e Characterization of anthropogenic impacts to the marsh, such as
0 Number of visible structures on the marsh (roads, berms, dams, etc.)
0 Visual indicators of impact of tidal barriers, such as scour pools in tidal channels
e Presence of utilities (power lines, sewer lines), especially at road crossing
e Houses, freshwater wells or other infrastructure located on or near the marsh that may
face potential flood or other risks if site hydrology changes

Note: location information in Google Earth is provided in unprojected geographic coordinates
(latitude and Longitude), based on a WGS84 datum. Reprojection is necessary to incorporate
this with data from MeGIS Historically, MeGIS has provided data principally in UTM coordinates
(Zone 19 North) / NAD83, but some data layers (especially raster and image data) use other
coordinate systems. Automatic reprojection by ArcGIS provides sufficient accuracy for visual
inspection and rapid assessment.
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2.2.1.2 Vertical control points ("benchmarks")
The ability to tie local elevations to a consistent vertical datum (NAVD 88) is often important for

site assessment, restoration design, hydrological modelling, assessment of potential impacts of
sea level rise, and for other purposes.

In general, CBEP will not establish a vertical control point to support rapid site assessments.
CBEP will always establish vertical controls to support (1) planning of habitat restoration
projects that involve alteration of hydrology, and (2) long-term monitoring. For other purposes,
CBEP staff will assess whether the need for accurate vertical controls justifies the cost.

Wherever possible, CBEP makes use of existing, nearby benchmarks and transfers vertical
control to a semi-permanent benchmark near the monitoring location (e.g., on a structure or
bedrock adjacent to the marsh.) CBEP reviews several sources of information in order to
determine whether existing benchmarks are available near field sites. These include:

e National Geodetic Data Explorer: https://www.ngs.noaa.gov/NGSDataExplorer/

e MaineDOT Survey Control Points:
http://www.maine.gov/mdot/mapviewer/dataviewer/Index.html?app=survey

e Correspondence with Maine Geological Survey

Determination of whether an existing benchmark can be used depends on its location,
topography, and other factors. CBEP staff will only use an existing benchmark to establish a
semi-permanent benchmark (1) if it is within 150 m / 500 ft of the marsh surface and (2) the
benchmark can be used directly, or a working benchmark established adjacent to the marsh
using no more than two turning points.

Where suitable vertical control points are not available, vertical controls will be established by
(1) hiring a qualified surveyor to establish a benchmark, or (2) estimating elevations of a semi-
permanent benchmark using RTK GPS technologies.

When existing benchmarks are not available, and project purpose does not justify the expense
of establishing a new local benchmark, CBEP uses approximate methods to estimate vertical
elevations. Elevations may be estimated by:

1. Using available LIDAR data;
2. Matching elevation of tidal waters at the peak of a spring tide to predicted tidal
elevations for the same spring tide at the Portland Tide Station;

Nominal accuracy of existing LIDAR data (~ 16.5 cm RMSE) limits value of Method 1 for all but
preliminary investigations. Methods 2 can achieve better accuracy, although quantitative
estimates of accuracy are unavailable. Methods 2 is well suited to sites with unimpeded tidal

28



Casco Bay Estuary Partnership Tidal Wetland Monitoring QAPP

flow from open water, but can be misleading when applied far up a tidal creek or above tidal
restrictions.

2.2.1.3 Supplementary Geospatial Data
Additional online geographic data provides supplementary insight into site characteristics.

CBEP staff regularly reviews the following sources when developing narrative site descriptions:

e Maine Stream Habitat Viewer (Maine Coastal Program): presence of documented fish
barriers and associated data; presence of priority fish habitats; tidal marsh area.

e http://www.maine.gov/dmr/mcp/environment/streamviewer/index.htmHistoric USGS
map research: http://docs.unh.edu/nhtopos/nhtopos.htm

e Maine Geological Survey Sea Level Rise/Storm Surge maps:
http://www.maine.gov/dacf/mgs/hazards/slr ss/index.shtml

An abbreviated literature review will be conducted, to obtain and review relevant knowledge
about a site. Typical sources include:

e Geomorphology and the effects of sea level rise on tidal marshes in Casco Bay (Bohlen et al
2012)

e Land Use Planning for Sea Level Rise: A Report for Planners in Casco Bay Area Communities
(Bohlen et al 2013)

e “Return the Tides” data (Bonebakker et. al. 2002)

e Casco Bay Watershed Fish Barrier Priorities Atlas (CBEP 2012)

e Correspondence with Maine Natural Areas Program, Maine Coastal Program, or other state
agencies

e Web search based on local place names

2.2.2 Rapid Field Assessment
A rapid field assessment provides general information for planning purposes. Rapid

assessments are designed to be flexible, and responsive to site-specific and project-specific
needs. Typical rapid field assessments include documentation of site surroundings, presence of
tidal restrictions or other structures on the marsh, interpretation of geomorphology, informal
observation of site hydrology, and documentation of general vegetation characteristics.

The basis of a rapid assessment is one or more site visits during which CBEP staff walk a site,
making qualitative observations, supplemented by digital photographs. A rough plan for the site
visit (identifying important locations or features of the marsh to examine) is developed in
advance based on available information, including results of a Desktop Assessment, if any. The
plan may be modified in the field based on site conditions or observations.
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Limited field equipment (e.g., soil augers, refractometers, tape measures, consumer-grade GPS
receivers) may be brought along to facilitate site characterization.

2.2.2.1 Location of Observations
Approximate location of field observations is recorded, but the method varies. They may be

recorded as a narrative description (e.g., "just south of the big pine on the east side of the
marsh"), by marking approximate locations on a pre-printed paper map, recorded using
consumer-grade GPS receivers, or by a combination of these methods.

2.2.2.2 General Observations
While walking a site, CBEP staff record general observations that place other observations into

context, and relating field observations to a Desktop Assessment, if one was carried out.
Typically, these observations address large-scale questions about the marsh, such as how the
site is being used by fish, birds, and wildlife; potential human impacts to the marsh;
geomorphological characteristics such as sediment characteristics or topography; or
characteristics of the vegetation, such as presence of invasive Phragmites.

These observations often include measured or estimated numerical data, such as depth of a
tidal channel, surface water salinity, width of a vegetation zone, height of a plant, or area of a
tidal pool. Estimated values are labeled as estimates; methods used for measuring values are
described in the notes where they are not clear from context.

2.2.2.3 Hand-drawn maps
General observations may be supplemented by sketch maps that clarify spatial relationships

among features on the marsh. Maps are not drawn to scale, but observations may be roughly
georeferenced using GIS after returning to the office.

2.2.2.4 Assessment of anthropogenic structures
Where structures like roads or dikes cross the marsh, notes are taken on characteristics of the

structure, such as width, height, and construction material. Values may be measured with tape
measures, stadia rods, meter stick, etc., or estimated. Estimated values are labeled as
estimates.

2.2.2.5 Surface Water Salinity
Spot checks of surface water salinity are helpful in understanding site hydrodynamics. Spot

checks are made using refractometers, in parts per thousand. Location of spot checks are
recorded in the field notes.

2.2.2.6 Soil and Sediment Characteristics
Characteristics of the sediments are assessed informally. Soils and sediments are accessed by

(1) Collecting samples with a soil auger, or (2) observing sediment along existing channel banks.
Soils are evaluated with attention to vertical structure (“horizons”), but typically without
measuring the thickness of each horizon. Soils and sediments are described qualitatively based
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on examination of samples. Descriptions of soil layers may include reference to texture (sandy
/ silty / clay); moisture content (saturated / wet / moist / dry); presence of organic matter (high
organic matter / low organic matter / staining); presence of organic inclusions like roots,
vegetation or wood; and color (matrix color and mottles).

If higher accuracy data on sediment condition is deemed useful, soils will be collected by
digging a soil test pit or with a sediment probe, Russian corer or similar sampling equipment
that minimizes sample compression. Thickness of sediment horizons can then be measured
with a meter stick or tape measure. Colors will be recorded using a Munsell color chart.

2.2.2.7 Vegetation
On larger sites, documentation of characteristics of the vegetation, as well as longitudinal and

lateral patterns of vegetation can provide insight into processes influencing marsh condition.

During rapid field assessments, CBEP uses a simplified "relevé" method to characterize
vegetation in terms of dominant and conspicuous plant species. Sample locations are selected
in the field (often informed by prior Desktop Analysis) and are not randomly located. They are
selected to be representative of vegetation zones or transitions between them, as described in
the field notes. Zones often include salt marsh, brackish marsh, and freshwater swamp, but
other divisions may be appropriate based on site characteristics.

The observer stands at one location (recorded in the notes, marked on the site map, or
recorded via GPS), records all plant species readily observed in adjacent vegetation, and adds a
measure of relative abundance for each (using percent cover estimates or Braun-Blanquet
cover classes). The area observed is not formally defined (hence this is a "plotless" method),
but left up to the judgement of the observer. In herbaceous wetlands, the area sampled will
typically be under 3 meters in diameter, while in forested wetlands the implicitly sampled area
may be 20 m or more in diameter. Vegetation data is always supplemented by one or more
photographs.

2.2.2.8 Supplementary Observations
From time to time, an initial site assessment may benefit from collecting more in-depth

information. Where that is the case, data collection will occur at pre-selected (not random)
locations, but otherwise adhere to methods described in this QAPP for data collection during
baseline site characterization or long term monitoring.

2.2.2.9 Sample Handling, Data Management and Analytic Methods
Formal samples are not collected during rapid site assessments. Any informal samples (e.g., soil

samples, plant material used to identify plant species in the lab) are discarded.

A variety of recording methods may be used, including use of a field notebook, data sheets,
voice recorder, or loose-leaf paper on a clipboard. All primary field records are dated,
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transcribed if necessary, and archived. Electronic records, including photographs, are stored in
a site-specific electronic folder on CBEP computers or servers.

The primary products of a rapid field assessment are the raw field notes themselves and
improved staff understanding of site conditions. For sites considered more important, or when
results of the rapid assessment will be shared with Partners, CBEP staff prepares a narrative site
description, summarizing observations and preliminary interpretations of those observations.
Interpretation of observations is qualitative, with little or no analysis of numeric data. When
data analysis occurs, it emphasizes graphical methods and mapping to facilitate understanding
of site condition.

2.3 Baseline Site Characterization and Long Term Monitoring
Long term monitoring incorporates both monitoring of restoration sites and monitoring of

wetlands to document long term change. Long term monitoring is always carried out in the
context of an SAP which lays out a site-specific monitoring plan, including monitoring
purpose(s), sampling frequency and locations.

Restoration monitoring is a special case of long-term monitoring. Restoration monitoring
follows a classic BACI (Before-After Control-Impact) experimental design (e.g., Stewart-Oaten
1986). Each restoration site requires formal identification of a nearby (unrestored) reference
area as well as collection of pre-project data from both the project and reference sites. CBEP
has historically used the tidal marsh immediately downstream of restoration sites as the
reference area, even though those areas do not represent the full ecological complexity of an
entire wetland system. Identification of the reference area is an important component of the
SAP.

2.3.1 Sampling Stations
The design of long term monitoring is structured around sampling at key locations around the

marsh, which CBEP call "Stations".

Stations are established to monitor certain parameters, usually channel cross section,
vegetation characteristics, and pore water salinity. The number of Stations on a site will vary to
suit site-specific conditions, especially the size and complexity of the site. As few as three
stations (lower marsh, mid marsh, and head of tide) may be established on small sites with little
spatial heterogeneity. A more typical site monitoring plan will include ten Stations. Ten Stations
strikes a balance between sampling spatial variability, and keeping the workload reasonable.
Vegetation sampling at ten Stations typically can be completed over two days in the field, while
it is possible (although sometimes difficult, depending on site geometry) to visit 10 stations to
collect pore water salinity data over a single tide.

Where a formal Project Area has been specified (as is typical for restoration projects), Stations
(with the exception of the reference Station or Stations) will be drawn from within that area.
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Supplemental Stations may be added outside of the Project Area to help characterize system-
wide response. Where no Project Area has been designated, Stations will be located within an
area extending from head of tide to the valley mouth.

For restoration sites, a reference area will be established in an area not directly influenced by
the restoration activity. The reference station will be located within the contiguous marsh
system if practicable. If no contiguous marsh area exists downstream, a reference area and one
or more reference Stations will be established in a nearby wetland. For tidal restoration
projects, the reference area may consist only of one or more reference Stations downstream
(to seaward) of the tidal restoration site.

Selection of locations for sampling Stations is based on spatially structured random sampling.
The majority of Casco Bay's tidal wetland area is located in tidal wetland complexes that form in
drowned glacial valleys or post-glacial erosion features carved into Presumpscot Formation silt-
clay deposits. These geomorphological contexts impose strong longitudinal and lateral
gradients in physical and biological environment within Casco Bay tidal wetlands. CBEP's
approach to sampling couples the advantages of random sampling with sufficient structure to
ensure that we sample across both longitudinal and lateral gradients.

To identify station locations, CBEP will utilize Generalized Random Tessellation Stratified (GRTS)
Sampling (Kincaid and Olsen 2016), or a comparable randomized spatial sampling tool. GRTS
software facilitates drawing of probability-based samples based on location. Given specific
geographic locations to sample (e.g., a marsh area, or a channel network), a GRTS sample can
be drawn so that all locations within a study area have well-defined (in the case of simple
random sampling, equal) probability of being sampled and yet guarantee that sample points are
distributed throughout possible sampling locations.

In tidal wetlands with a strong upstream-downstream gradient and a central channel (like most
of Casco Bay's larger wetlands), Stations are selected as a spatially balanced sample of points
distributed along a line drawn down the length of the tidal valley. Data collected at each station
characterizes the wetland along a cross section from channel to upland.!

Once a location along the valley axis is identified using GRTS, if a central channel is present, the
Station is established on one side of the channel. Where possible, the side is selected at
random. However, practical considerations may prevent randomization. For example, the

1 An area-based random sample would locate Stations proportional to area, thus concentrating them where the
wetland is widest, typically at the downstream end of the marsh. A sample drawn on a linear support distributes
samples more evenly along the longitudinal gradient from valley mouth to head of tide.
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channel may meander close to the upland, leaving insufficient area to set up a monitoring
station on one side, or one side of the channel may be inaccessible.

In tidal wetlands without a clear longitudinal axis (e.g., fringing marshes), Stations are
established following a similar logic, using spatial random sampling to locate anchor points for
sampling stations.

2.3.2 Pore water salinity
Monitoring pore water salinity (salinity of water samples collected between 5-20 cm below the

marsh surface) provides basic information about soil salinity, which is a driver of salt marsh
plant community composition (Neckles et al 2002).

2.3.2.1 Sampling Design
Soil salinity is sampled from specially designed semi-permanent pore water salinity wells set

into the marsh surface. Between five and fifteen wells (typically ten) are used to monitor a
contiguous marsh system. Wells allow for rapid sampling of pore water from the soil root zone
at depths of 5 to 20 cm below the marsh surface.

Pore water monitoring wells are established throughout the marsh area. Wells are generally
located at sampling Stations, but wells may not be located at every Station. Locations of pore
water sampling wells are specified in the SAP.

For monitoring associated with restoration projects, salinity wells will be included, at a
minimum at:

e One Reference Station (outside of the area affected by restoration, but as near to the
restoration area as practicable);

e One Station at the downstream end of the Project Area (e.g., immediately upstream of a
tidal restriction);

e One Station situated at head of tide; and

e At least one station between downstream and head of tide.

This minimum sample arrangement provides information on longitudinal pore water salinity
gradients within the marsh, and allows comparison of salinity changes in the Project and
Reference Areas.

A subset of Stations will include a transect of three or more wells running perpendicular from
the tidal channel (or open water) to the adjacent upland. This transect will run perpendicular
to the long axis of the marsh for most of Casco Bay’s long, narrow tidal wetlands, but would run
from open water to the adjacent bluff for a fringing marsh. One station will be established
within 3-4 meters of the water, one at the upland edge, and the third approximately midway
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between the other two. This lateral transect allows assessment of patterns in pore water
salinity across the marsh surface.

Samples are collected within 2 hours +/- of low tide, at least once per month from April to
October, or more frequently during the primary growing season (April —July). Sample
collection will be scheduled so that half are collected during a spring tide phase, and the
remainder during neap tide (Neckles & Dionne 2000).

For monitoring associated with restoration projects, one full season of monitoring occurs prior
to a restoration project, and generally, at odd years’ post-project (i.e., year 1, 3, 5).

2.3.2.2 Sampling Methods
CBEP uses pore water salinity wells based on design specifications provided in the GPAC

protocols (Neckles and Dionne 2000, p. 10; App. B) and sampling is conducted consistent with
GPAC SOPs. Wells are built from19mm (%4 inch)diameter CPVC plastic pipe. Wells are cut to
35cm with 7-10 pairs of 4 mm holes drilled at roughly even intervals 5-20 cm below the surface.
The bottom of the well is sealed. The top of the well is constructed of two 90 degree PVC
elbows connected by a short section of straight PVC pipe to form an inverted U-shape in order
to limit water entering the well from above. Wells are installed so that the holes are set 5-20
cm below the marsh surface. Sampling does not commence until at least 24 hours following
installation. Wells are inspected annually and removed and cleaned as needed to remove
accumulated sediment.

Samples are collected by removing the well cap then inserting plastic tubing affixed to a plastic
syringe into the well until it reaches the well bottom, and then lifted 5 cm. A sample is
extracted using the syringe, then in the field, the sample is placed upon a handheld
refractometer to take salinity readings. The optical handheld refractometer is calibrated with
DI water prior to use. Salinity is measured in parts dissolved salts per thousand. Three replicate
measurements are recorded from a single sample.

For comparison, surface water samples are collected at the adjacent tidal creek or open water
when pore water samples are collected. Salinity is measured in surface water samples using
the refractometer following the same methods used for pore water samples.

CBEP’s narrative field instructions for this parameter are included in Appendix F.

2.3.2.3 Sample Handling and Custody
Following measurement, samples are discarded in the field. All salinity measurements, sampling

times, and other site visit and anecdotal observations are recorded on a site-specific salinity
monitoring data sheet (App. A). Data sheets are stored at CBEP. Field data are transferred to a
site specific Excel database.
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2.3.2.4 Analytic methods
Summary statistics (mean, minima, and maxima) are computed for use in graphical or map

displays. Standard statistical methods (“t” tests, linear models or non-parametric equivalents)
are used to evaluate long term or seasonal trends, comparisons between pre-restoration and
post-restoration conditions, and comparisons between restoration and reference areas.

2.3.3 Channel morphology
Changes in creek channel morphology frequently occur as a result of restoration activities or

changes in site hydrology. Assessment of channel morphology is used to:

e Document existing conditions or monitor long-term changes;

e Assess geomorphological impacts of tidal restrictions on channel shape, depth,
and capacity;

e Inform development of hydraulic capacity estimates for conceptual design
alternatives;

e Evaluate how hydrological modifications affect sediment transport; and

e Monitor post-project geomorphological response to restoration and
enhancement projects.

Channel morphological parameters include: monumented cross sections; longitudinal
profiles; and photo stations. SOPs for monitoring channel morphology are taken directly from
the Stream Barrier Removal Monitoring Guide (Collins et al 2007 p. 27; App. B).

Parameter Source/Page Location
Monumented cross sections Collins et al 2007 (p. 27-30) App. C
Longitudinal profiles Collins et al 2007 (p. 31-32) App. C
Photo stations Collins et al 2007 (p. 36-37) App. C

2.3.3.1 Monumented cross sections
Channel cross sections are transects that bisect a channel and run perpendicular to it,

extending from the high marsh on one side of a channel to the high marsh on the opposite side.
They are used to characterize changes in the geometry of a tidal channel, including width,
depth, cross-sectional area, and channel form.

Sampling Design

Monumented cross sections are established adjacent to selected Stations within the project
area. To the extent practicable, cross section transects are located on relatively straight channel
reaches rather than on meander bends. Semi-permanent monuments are set into the high
marsh surface and georeferenced. Sampling occurs once per season.
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If monitoring is of a restoration project, at least one monumented cross section will be located
within the Reference Area. Cross sections are surveyed at least once prior to a tidal restoration
project, and either at odd years post-project (i.e., year 1, 3, 5), or annually. This detail is
specified in an SAP.

Sampling Methods

Detailed information on SOPs is provided in Collins et al 2007, p. 27-30 (App. C). CBEP’s
narrative field instructions are included in Appendix F. CBEP maintains equipment used for
surveying cross sections, including an auto level, tripod, stadia rod (decimal feet), and fiberglass
tape reel (decimal feet). EQuipment is stored at CBEP and periodically inspected for wear and
tear, and maintained or replaced as needed, to maintain accuracy and functionality.

Semi-permanent monuments are set to mark the start and end of a transect. Monuments are
typically hollow PVC pipes or wooden stakes set into the high marsh surface and extending
approximately 20 cm above the marsh surface. Monuments are set on the high marsh surface
an adequate distance away from the creek edge to accommodate for channel evolution over
the monitoring period, as specified in SAPs. Monuments are sometimes lost over the winter
due to ice scour, and cross sections are re-established in subsequent monitoring years by
reference to photographs, GPS coordinates, and the memory of field staff.

Survey equipment is set up on one side of the transect, and a measuring tape is run from one
monument to the other. Measurements are collected by a team, with one person operating
the level and recording measurements, and one person setting the stadia rod laterally along the
transect and reporting transect distance to the recorder. The stadia rod is held vertical by use of
a rod-level, and the rod is always held on the opposite side of the tape. Lateral distances are
referenced to river left (i.e., the left monument, looking downstream, is zero on the tape).

The level operator reads the center crosshair of the level to obtain the stadia rod

measurement. No other information from the level is recorded. The first reading will be at the
left monument and the last reading at the right monument. Measurements emphasize
documentation of visible breaks in slope and significant geomorphic features such as top of
channel bank, toe of channel bank, water depth, and the thalweg. In the absence of clear
breaks in slope, elevations are recorded at a pre-determined interval equal to 1/20%" of the total
transect length. Elevations are tied into a local vertical control point, through back-sighting if
necessary.

Sample Handling and Custody

Field data are recorded on data sheets (App. A), which are stored at CBEP. Rough sketches are
drawn onto the datasheet showing the location of the cross section in relation to anecdotal
observations and contextual information such as submerged aquatic vegetation (e.g., Ruppia
maritima), overhanging channel banks, woody debris, and channel bank slumping.
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Analytic methods

Field data are entered into a copyrighted Excel spreadsheet tool, The Reference Reach
Spreadsheet, developed by the Ohio Department of Natural Resources (Mecklenburg 2006).
This tool is widely used for storing and analyzing channel survey data. Cross section data are
entered into the Dimension tab, and the spreadsheet automatically plots a channel profile.
Cross sectional area, channel width, mean depth, maximum depth, and other metrics are
calculated for use in comparison between pre- and post-project conditions, as well as
comparison between the project area and reference site.

2.3.3.2 Longitudinal profile

Sampling Design

Longitudinal profiles are established as a continuous transect of the channel thalweg. At tidal
restoration sites, the profile runs through a built structure from a downstream cross section
station to at least one upstream cross section station, and preferably more. This monitoring
reach is established to show representative channel depths downstream and upstream of a
structure, and inclusive of the depth within the structure itself. At other monitoring sites, the
longitudinal profile spans at least two cross section stations, and preferably more.

Longitudinal profiles are surveyed at least once prior to a restoration project, and generally, at
odd years post-project (i.e., year 1, 3, 5). Timing of samples will be specified in the SAP.

Sampling Methods

Detailed information on SOPs is provided in Collins et al 2007, p. 31-32 (App. C), and CBEP’s
narrative field instructions are included in Appendix F. CBEP maintains equipment used for
surveying longitudinal profiles, including an auto level, tripod, and stadia rod (decimal feet).
Prior to set up, flags or other temporary markers are used to denote the start and end points of
the transect. Typically, these markers will be located at intersections with monumented cross
sections. These points are georeferenced with a GPS unit.

Set up involves positioning the auto level in such a way (i.e., atop a road shoulder) that to the
extent practicable, an unobstructed view of the monitoring reach, as well as a
benchmark/elevation control point, is provided. If only part of the reach is within a continuous
sightline, it may be necessary to conduct a partial survey from this location, then using fore-
sighting and back-sighting, relocate the level to another position that allows for completion of
the survey. No tape measure is used.

Measurements are collected by a team, with one person operating the level and recording
measurements, and one person setting the stadia rod along the transect. The stadia rod is held
vertical by use of a rod-level. The benchmark is surveyed in as one of three reference locations
outside of the transect, and at the benchmark, the angle of the level is set to 0°. The other
reference locations should be fixed objects.
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For all measurements, including the reference objects, the level operator notes the angle of a
shot, as well as the height on the stadia rod of three cross hairs (mid, upper, and lower).

The transect survey begins at the downstream flag and is continuously surveyed until the
upstream markers are reached. For sites containing road crossings or other structures, the
survey includes measurement of key elevations associated with the structure, including the
outlet invert, height to the top of the culvert, one or more measurement atop the structure
(typically at the crown of a road) and the inlet invert. During the survey, all visible breaks in
grade are surveyed. In the absence of clear breaks in slope, elevations are recorded
periodically to show continuity in the plotted profile.

Sample Handling and Custody

Field data are recorded on data sheets (App. A). Descriptive information, such as changes in
stream bed material, soft sediments, rip-rap, and other features are noted. Data sheets are
stored at CBEP.

Analytic methods

Field data are entered into an Excel spreadsheet developed by MDOT that transforms field
coordinates into survey points and calculates vertical elevation and distance along the transect,
with 0" at the downstream marker. The transformed data are then transferred into an Excel
spreadsheet tool, The Reference Reach Spreadsheet, developed by the Ohio Department of
Natural Resources (Mecklenburg 2006). Longitudinal profile data are entered into the Profile
tab, and the spreadsheet automatically plots a channel profile (example below). The location of
cross sections, culvert inverts, and other features can be added to the plot and the slope of the
monitoring reach is calculated. The plot allows for graphical comparison between pre- and
post- project conditions, as well as comparison between the project area and reference site.

Figure 2. Example longitudinal profile.
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2.3.4 Hydrology

2.3.4.1 Sampling Process Design
Automated continuous monitoring of surface water level and salinity is conducted over a period

of 4-6 weeks to create a contiguous dataset that includes at least one lunar cycle, and which
documents water levels through at least one full neap and one full spring tide phase. Site
specific monitoring objectives are outlined in SAPs and will inform deployment location. At tidal
crossings, monitoring for assessment of tidal restriction requires deployment of monitoring
equipment upstream and downstream of a structure. Multiple units can be deployed upstream
of a structure to show change deeper into a system, but typically only one unit is deployed
downstream.

For restoration monitoring, at least one surface water hydrology data set is collected prior to a
project, and a second is collected after a project is completed. Instruments are programmed to
continuously record measurements once every 6 minutes starting on the top of the hour,
allowing for synchronization with Portland Tide Gauge monitoring (station 8418150).
Temperature and conductivity data are simultaneously collected.

2.3.4.2 Sampling Methods
This section describes the methods for monitoring water level and surface water salinity at tidal

marshes using continuous data loggers.

CBEP utilizes Onset HOBO water level, temperature, and conductivity logging systems.
Methodology is outlined below. Links to detailed equipment specifications, operating manual,
and processing software are provided in Appendix D (Onset).

Equipment
a) HOBO U20 titanium water level and temperature logger

Parameter Range
Temperature -20 to 50°C (-4 to 122°F)
Pressure/level 0-4m (13 ft)

b) Barometric pressure sensor with micro station data logger

Parameter Range

Barometric pressure 660 to 1070 mbar

c) HOBO salt water conductivity/salinity data logger

Parameter Range
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Actual conductivity 5,000 to 55,000 uS/cm
Salinity 0to 42 ppt
Temperature -2 to 36°C (28 to 97°F)
Pressure/level 0-4m (13 ft)

Deployment

The Onset water level logger and the conductivity logger units are deployed in PVC stilling wells
set slightly above the channel bottom and secured to a post, consistent with methods
described in the National Park Service report, Continuous water level data collection and
management using Onset HOBO data loggers: A Northeast Coastal and Barrier Network
methods document (Curdts 2017; App. E). The stilling wells are installed beyond the visible
influence of roads or other hydrologic anomalies (e.g., scour pools), and at least 20m upstream
or downstream of any road crossing or other structure. Loggers are suspended from well caps
using stainless steel cable. The barometric pressure unit is installed along the upland edge of
the marsh, off the ground attached to a wooden board and positioned in such a way that the
instrument is shielded from frequent temperature and weather changes caused by exposure to
direct sunlight and inclement weather. Additional information on deploying the Onset system is
provided in field instructions (App. F).

Calibration and cleaning

The Onset equipment was calibrated by the manufacturer, and no further calibration is
required or recommended by Onset. Best practices for cleaning equipment follow Onset’s
recommendations provided in the Product Cleaning Reference Guide (App. E).

Sampling methods

A field data sheet is used to document conditions, locations, parameters, and other
accompanying data for the deployment site by site basis (App. A). Instruments are programmed
using proprietary software, HOBOWare Pro. Data sets are assigned unique site and log names.
Measurements are logged at an interval of 6 minutes. At least two times during a deployment
period, water levels are surveyed using the auto level and stadia rod in order to tie water level
data into a known vertical datum. Also, at least two times during the deployment period, grab
surface water samples are collected and salinity measurements taken using a refractometer. A
scheduled start time is entered, but not a stop time, ensuring that the instrument will continue
to log measurements until manually stopped. The instrument removal time is noted.

Sample Handling and Custody

Instrument logs are stopped, and data sets are downloaded, in the office using HOBOWare Pro.
Water level (raw absolute pressure) data are integrated with barometric pressure data using
HOBOWare Pro, and water levels are post-processed using a tool provided with the software to
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compensate for changes in barometric pressure over the monitoring period. The processed
water level data sets are exported to Excel. Data recorded when the instruments were out of
the water is flagged and removed during an initial QA/QC review while data sets are exported
to Excel. Both raw data and exported Excel data sets are archived with CBEP. Water levels are
converted to a known vertical datum (e.g., NAVD 88) using the surveyed water level data tied to
a vertical reference. Surface water salinity spot samples are used to detect any drift in
conductivity data. Data from the Portland Tide Gauge are downloaded in NAVD 88 for
comparison and integrated into the database. Twenty-four hour precipitation totals are
downloaded from the nearest available rain gauge over the duration of the monitoring period.
Currently, the Portland Jetport is the only the only weather station in our region with
precipitation data consistently and publically available on line. All data sets are plotted. Water
level data points that outlie adjacent data are flagged and removed if needed. Data are
examined for anomalies such as straight lines, gaps, or single outlying data points, and attempts
to explain anomalies are made. If it is determined that data are erroneous, the associated data
points are flagged and removed from further analysis.

2.3.4.3 Analytic methods
Analytic methods are comparable for the two equipment systems.

Water level data are plotted in various timeframes to illustrate the degree of tidal restriction
caused by a structure during different tide phases as indicated by muted tide range, lag in tides,
impoundment and other indicators. If available, marsh surface elevation is included in analysis
for evaluation of hydroperiod and the location of the marsh surface in comparison to known
datums. Tidal metrics are developed for the data set according to definitions used by NOAA
(https://tidesandcurrents.noaa.gov/datum options.html) including highest observed water
(HOW), mean higher high water (MHHW), mean high water (MHW), and mean tide level (MTL),
allowing for quantitative comparison of upstream and downstream data sets, as well as

comparison of pre- and post- project data sets. Beyond these summary statistics, additional
analysis and plotting may be performed to further understand and quantify differences
between data sets at a high resolution. At selected locations, water level data will be used in
conjunction with LIDAR data to analyze hydroperiod and the area flooded associated with site
specific tidal metrics and produce hypsometric curves.

Salinity data are plotted along with 24 hour rainfall data in various timeframes to illustrate
differences upstream and downstream of a structure during different tide phases, and to
associate changes in salinity with precipitation events. Summary statistics
(mean/minima/maxima) are prepared allowing for quantitative comparison of upstream and
downstream data sets, as well as comparison of pre- and post- project data sets.
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2.3.5 Vegetation

2.3.5.1 Sampling Process Design
Vegetation and other cover types (wrack, bare ground, water, litter) are monitored along a

single transect set up at each station. Sampling occurs once annually during the middle of the
growing season (July or August). A marker (stake) is established approximately 10 meters from
the tidal creek. For consistency of sampling from year to year, transects are laid out along
designated compass directions. Specific compass directions are determined in the field the first
time samples occur, but each transect will be laid out approximately perpendicular to the axis
of the marsh. At time of sampling, a transect is established by running a 100m fiberglass reel
tape through that marker perpendicular from the tidal creek to a marked location at the upland
edge of the marsh — typically, a tree. If it is more than 100m to the edge of the marsh, a second
stake is placed at 100 meters, and the transect is continued along the same direction to the
edge of the marsh. Compass directions and transect lengths are checked and recorded during
each subsequent year of monitoring.

2.3.5.2 Sampling Methods
Vegetation is sampled using 1m? quadrats set on the marsh surface adjacent to the tape at set

distances. Species composition and cover types are recorded at each plot location, and an
estimate of percent cover is provided.

Observers are trained by senior staff to use standard methods to estimate percent cover. A
percent cover reference sheet (Carlisle et al 2002, App. A) is used to promote consistency.
Quadrats are constructed out of PVC pipes. Additional design specifications for quadrats are
provided in Carlisle et al 2006, p. 6.

The number of plots per transect is typically ten, located equidistant along each transect, with
spacing between quadrats determined by the distance between channel and edge of wetland
(e.g., the transect length). Some variation in the number of plots sampled, and the distance
between them, may occur based on unique characteristics of a specific transect, but plots are
monitored at identical locations along a transect from year to year Plots are placed no more
closely together than 2 meters on center, so transects must be a minimum of 20m long.
Although past practice has been to end transects where clear transitions to upland
communities are present (e.g. forest cover), future monitoring will establish the upland end of
vegetation transects where there is a clear elevation break, so that the end of the transect lies
approximately 1-2 meters vertically above the level surface of the marsh, in order to develop
data within the projected elevation of future sea level rise. Two photographs are taken at each
transect, looking toward the upland, and toward the creek channel.

Transects are monumented or documented in the field using a variety of methods, depending
on constraints imposed by site conditions. Semi-permanent PVC or wooden stake monuments
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at the edge of the tidal channel have proven unsatisfactory, as they tend to be dislodged by
eroding channel banks or winter ice. Low monuments (< 20 cm in height) located away from
the channel tend to persist better, but can be difficult to find in taller vegetation. When
possible, transects are designed to pass adjacent to groundwater monitoring wells or other
long-term monitoring equipment. GPS coordinates are collected for each end of the transect
(using consumer —grade GPS receivers, with WAAS enabled), and data is recorded on transect
length and direction. These numerical data are combined with a brief narrative description
(e.g., “From the center of a small point on the tidal channel to the large oak just east of a
birch”). Each transect is documented with photographs. Where landowners permit it, trees at
the upland end of a transect may be marked with paint or forestry flagging to facilitate
relocating transects in subsequent years. Following these procedures, we estimate that, with
few exceptions, transects are located within one to two meters of nominal position from year
to year, with the largest errors introduced by channel migration, which alters the length and
baseline of the transect.

For each transect, a cover sheet is used to record information pertaining to the transect.
Observations of percent cover by species and cover type at each plot is recorded on a
vegetation plot data sheet (App. A).

2.3.5.3 Plant Identification
Plant identification follows Haines and Vining 1998. Identifications in the field are made by

experienced observers, based on general plant characteristics, and sometimes with the use of a
hand lens. Field staff must spend at least two days in the field with experienced observers and
pass an informal assessment of their ability to identify common salt marsh plants before being
allowed to collect vegetation data on their own. CBEP maintains a “Cheat Sheet” of common
tidal wetland species, with useful field characteristics to help facilitate identification and year-
to-year consistency in plant identifications.

Samples of any plant species not readily identified in the field are collected for later
identification in the laboratory. Samples are placed in plastic bags, which are labeled by the
site, station, and plot in which the species was observed. Each unknown species is given a
temporary identification (e.g., “Unknown grass # 3”) so that data on its relative abundance can
be collected even in the absence of definitive identification. Once in the laboratory, unknown
plants are identified with the aid of a dissecting microscope. Once identifications are confirmed
by senior project staff, the field data sheets are amended in pen (all field data are recorded in
pencil) to add the correct identification. Plants that cannot be identified are recorded as
unknown.

Not all plants or even species need to be identified. Vegetation structure is dominated by
common and dominant species. Furthermore, uncommon species can create mathematical
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instabilities in some statistical methods used to analyze vegetation data, so are often pooled in
subsequent analyses. For vegetation data to be of acceptable quality, all dominant species
(cover >50% in any plot) and all common species (present in more than 10% of plots) will be
identified, and at least 80% of plant species and 80% of plant cover will be identified to species.

2.3.5.4 Sample Handling and Custody
Field data are entered into site-specific Microsoft Access databases and data are independently

reviewed by a second party for QA/QC. An independent plant species database interfaces with
the site-specific vegetation databases. The plant database is reviewed and updated annually,
so that any updates to nomenclature or classification are noted and integrated into the site
data. Data sheets and databases are archived at CBEP.

2.3.5.5 Analytic methods
Analysis of the vegetation data follows standard analytic methods. Analyses focuses on

responses of individual species and the vegetation as a whole to restoration. Analyses will
document any changes in species abundance and vegetation composition at each monitoring
station and examine spatial patterns of vegetation along the axis of the marsh.

Vegetation in a given plot is characterized, with regards to flood tolerance and salinity
tolerance, using weighted averages of species-specific indexes. Each plant species’ Wetland
Indicator Status (US Army Corps of Engineers 2016; Lichvar et al. 2016) is used as an index of
relative flood tolerance, while a salinity tolerance index (based on Verrill 2017) indicates
relative tolerance to salt, by grouping plant species into halophytic (salt tolerant), brackish, and
glycophytic (not salt tolerant) categories.

Analysis of vegetation data employs multi-dimensional statistical methods, coupled with a
variety of data visualizations to facilitate interpretation. Currently, vegetation data is analyzed
using the ‘vegan’ package, in R (Oksanen 2017), but may in future be analyzed with other
suitable software. Ordination methods (principally nonmetric multidimensional scaling) are
used to characterize vegetation pattern by reducing multi-dimensional vegetation data to two
or three synthetic dimensions that offer the best? summary of pattern. Ordinations are based
on simplified abundance classes derived from the percent cover data (e.g., Braun-Blanquet
vegetation cover classes), or presence-absence data. Ordination output is used principally for
visualizations, but also for formal statistical tests of vegetation change. Groups of plots that
share similar vegetation are identified using clustering algorithms. A primary purpose of
clustering is to provide objectively-defined groups that can be used to aid interpretation of
ordination output. Clusters can generally be interpreted in terms of widely recognized

2 Different ordination methods use various definitions of what it means to offer the “best” summary of
multivariate data.
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vegetation types or dominant species. These methods are known to provide robust results with
vegetation data, readily illustrating shifts in species composition along major inundation and
salinity gradients.

2.3.6 Plant species of concern
Additional vegetation surveys throughout the marsh ensure that the presence, location,

distribution and quantity of plant species of concern (PSC) is documented for reporting and
management purposes.

2.3.6.1 Sampling Process Design
A thorough meander survey of the marsh is undertaken to detect PSC. A meander survey is a

semi-structured site visit, in which investigators walk the marsh examining vegetation in all
areas of suitable habitat, looking for PSCs. The survey occurs in late July or early August during
the typical flowering season for targeted species. The area surveyed includes the entire project
area up to and including the upland edge, and if visible, the high water mark from an
astronomic high tide event. Indications of high water might include wrack accumulation,
sediment deposition on plants and woody vegetation, displaced leaf litter, or stress indicators
for terrestrial species (e.g., orange needles on Pinus strobus). The survey does not extend into
the adjacent upland. For restoration sites, the survey includes both the Project Area and the
Reference Area.

2.3.6.2 Sampling Methods
Plant species of concern fall into two categories: 1) non-native/invasive plants, typically

including Phragmites australis (common reed) in salt marsh, and salt tolerant or intolerant
species such as Lythrum salicaria (purple loosestrife) or Berberis thunbergii (Japanese barberry)
in or adjacent to brackish and fresh marshes; and, 2) stands of native or cryptogenic species
that often form large, monotypic stands on the marsh surface, such as Typha latifolia (broad-
leaf cattail).

Prior to the survey, monitors are trained to identify targeted species through review of: 1) fact
sheets developed by the Maine Invasive Species Network (University of Maine Cooperative
Extension 2017); 2) species identification cards developed through the Vital Signs program (Gulf
of Maine Research Institute 2017); and 3) techniques for differentiating invasive from native
Phragmites (Swearingen and Saltonstall 2010).

The survey occurs by walking the entire project area, meandering through remote areas and
densely vegetated areas. If a PSC is observed, the observation is photographed and
georeferenced using a GPS. Data are recorded onto a field data sheet (App. A), and include
species identification, contextual description of location, size of population, assessment of a
monoculture vs. mixed stand, and the presence of seed heads or flowers.
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Phragmites observations are distinguished as native, introduced, or mixed with detailed
accompanying photographs. If a stand of Phragmites is present, the perimeter of the stand is
documented using GPS. If a monoculture stand of Typha latifolia is present, the perimeter of
the stand is documented using GPS.

Field staff document the general size and location of each stand by walking the stand’s
perimeter, and recording locations of several points on the edge of the stand. Typically,
between four and ten points are used. The exact number depends on stand geometry and is left
to the discretion of the field staff.

Positions are recorded using consumer-grade, hand-held GPS receivers, with WAAS enabled.
Positions are recorded after allowing the GPS unit to average positions for at least 30 seconds,
providing positional accuracy on the order of 2-5 meters under typical conditions.

2.3.6.3 Sample Handling and Custody
In some cases field samples may be collected for further identification. Field data are entered

into site-specific Microsoft Excel databases and data entry is reviewed by a second party for
QA/QC. Data sheets and databases are archived at CBEP.

2.3.6.4 Analytic methods
A map of PSC is prepared, and the area of any monoculture stands is calculated. Observations

of Phragmites australis are immediately conveyed to project partners for management
consideration.

2.3.7 Photo stations
Standardized photographic monitoring of tidal restoration project allows for a visual record of

changes associated with a tidal restoration project, beginning with baseline (pre-project)
conditions. Detailed SOPs for photo stations are provided in Collins et al 2007, p. 36-7 (App. C).

Photo stations are established using georeferenced points on the ground that are associated
with the project site and monitoring stations. Photos are framed in the landscape format for
year to year consistency. Photo station locations include:

e Project site, with views toward: 1) inlet, 2) outlet, 3) upstream channel, 4) downstream
channel, 5) road approach right, 6) road approach left. Photos are taken at low tide.

e Channel morphology - cross sections, views toward: 1) river left, 2) river right, 3) upstream,
4) downstream. Photos are taken at low tide, during cross section surveys while the tape is
across the channel, with the tape in the foreground. Photo numbers are recorded on cross
section data sheets. Additional opportunistic photos are taken to document the
longitudinal profile survey, including the start and end of the transect, as well as the
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location of head-cuts, collapsed peat, large woody debris, sediment deposition or other
distinctive geomorphic features.

e \Vegetation surveys: 1) view from the channel (start of transect) to the upland edge, 2) view
from the upland edge (end of transect) toward the channel. Photos are taken during
vegetation surveys, usually while the tape is laid out along the transect and thus visible in
the foreground. Photo numbers are recorded on cross section data sheets.

e Surface water hydrology: 1) view of instrument(s), showing location within the channel
during low tide, a) at time of deployment, and b) time of removal if possible.

3 Assessment/Oversight

3.1 Assessments and Response Actions
The Project Manager tracks assessment status and progress. The Project Manager reviews field

data weekly at the start of the field season to assess consistency with protocols. After making
the determination that protocols are being followed for each parameter, assessments are
conducted monthly for the remainder of the field season. The Project Manager will notify the
field crew of findings and instruct field crews of any changes that need to be made in practices
to comply with protocols.

The Project Manager will flag questionable data and using best professional judgement,
determine whether to discard data and/or resurvey a specific parameter.

The Project Manager will maintain a log of assessment dates, findings, and outcomes.

3.2 Reports to Management
Reports regarding assessment status will be made available to management, EPA, and project

partners upon request.

4 Data Validation and Usability

4.1 Data Review, Verification and Validation

The in situ instrument sensors used in this project are factory calibrated by their respective
manufacturers.

All data obtained from in situ sensors which are supported by appropriate quality control data
and meet the measurement performance specification defined for this project will be
considered acceptable and used in the project.

4.2 Data Validation and Verification Methods
Quality control of data has been described for each parameter above. Additional checks of data

quality, are an integral part of data preparation, analysis, and report preparation. In particular,
data is checked for observations outside of expected ranges. Data are plotted and scanned to
identify points that represent possible anomalies in context. Multivariate data are plotted in
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pair-wise plots to highlight unusual combinations of values. All potentially problematic points
are investigated to determine corrective actions. Corrective actions may include a range of
possibilities, from correcting typographical errors, to removing data entirely. All corrective
actions are documented.

4.3 Reconciliation with User Requirements
Project partners may require that SAPs include specific performance measures for hydrology

signal, erosion control, pore water salinity, invasive species or other parameters to assess
project outcomes against objectives defined through criteria specified in the SAP. In these
cases, CBEP will include a separate summary section within a monitoring report that reiterates
project objectives and performance standards. A table is prepared that lists the performance
standard, summarizes an annual report of findings, and makes a determination of whether the
performance standard has been met.
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6 Appendices

6.1 Appendix A — Data Sheets

6.1.1 Desktop analysis data sheet

6.1.2 Equipment check list

6.1.3 Pore water salinity data sheet (Appletree Marsh example)
6.1.4 Cross Sections

6.1.5 Longitudinal profile

6.1.6 Vegetation transect cover sheet
6.1.7 Vegetation plot data sheet

6.1.8 Percent cover reference sheet

6.1.9 Invasive plants

6.1.10 HOBO logger deployment check list
6.1.11 HOBO logger deployment data sheet
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6.2 Appendix B —Regional Standards to Identify and Evaluate Tidal Wetland Restoration in the
Gulf of Maine
Available at: https://www.pwrc.usgs.gov/resshow/neckles/Gpac.pdf
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6.3 Appendix C— Channel Geomorphology SOPs

6.3.1

6.3.2

6.3.3

Stream Barrier Removal Monitoring Guide (Collins et al 2007) available at:
http://www.habitat.noaa.gov/pdf/Stream-Barrier-Removal-Monitoring-Guide-12-19-
07.pdf

The Reference Reach Spreadsheet (Mecklenburg 2006) is available at:
http://www.agri.ohio.gov/divs/SWC/docs/Reference Reach Survey 4 3 L.xlsm
Stadia rod specifications: Crain SVR-25-Tenths, Model #98010

25 feet long, fully extended

Measurements to the hundredth of a foot
Six extendable sections

Automatic level specifications: Topcon AT-B3 Automatic Level
28x magnification

Accuracy 1 km

Double level run: +/- 1.5 mm

Coarse sighting: Peep sight

Weight: 3.75 Ibs.

Other Specifications: http://www.forestry-suppliers.com/Documents/1206 msds.pdf

Tape reel specifications: Keson English/Metric Open Reel Fiberglass Tape
Graduated both sides meter/cm/2 mm; feet/tenths/hundredths other side
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6.4 Appendix D — Hydrology & Conductivity/Salinity SOPs, Onset HOBO

6.4.1

Manufacturer:

Onset Computer Corporation
470 MacArthur Blvd.

Bourne, Massachusetts 02532
www.onsetcomp.com

1-877-564-4377

6.4.2

6.4.3

6.4.4

Manuals
Onset HOBO U20 Water Level Logger: User manual available at:

http://www.onsetcomp.com/files/manual pdfs/12315-E-MAN-U20.pdf

Onset HOBO U24 Conductivity Logger Manual:
http://www.onsetcomp.com/files/manual pdfs/15070-C-MAN-U24x.pdf

Onset HOBO USB Micro Station Data Logger:
http://www.onsetcomp.com/files/manual pdfs/20874-C%20MAN-QSG-H21-USB.pdf
Onset Smart Barometric Pressure Sensor:

http://www.onsetcomp.com/files/manual pdfs/12291-F%20MAN-S-BPB.pdf

Software:

HOBOWare User’s Guide Available at:
http://www.onsetcomp.com/files/manual pdfs/12730-
W%20HOBOware%20User's%20Guide.pdf

HOBOWare Pro Barometric Compensation Assistant User’s Guide:

http://www.onsetcomp.com/files/manual pdfs/Barometric-Compensation-Assistant-
Users-Guide-10572.pdf

HOBOWare Pro Conductivity Assistant User’s Guide:
http://www.onsetcomp.com/files/manual pdfs/Conductivity-Assistant-Users-Guide-
15019.pdf

Cleaning:

Onset Product Cleaning Reference Guide:
http://www.onsetcomp.com/files/manual pdfs/15667-D-Product-Cleaning-Reference-

Guide.pdf

6.4.5

Deployment:

National Park Service report: Continuous water level data collection and management using
Onset HOBO data loggers: A Northeast Coastal and Barrier Network methods document.
https://irma.nps.gov/DataStore/DownloadFile/563851
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6.0 Appendices
Appendix A — Data Sheets

Contents:

e Desktop analysis data sheet

e Equipment check list

e Pore water salinity data sheet (Appletree Marsh example)
e Cross Sections

e Longitudinal profile

e Vegetation transect cover sheet

e Vegetation plot data sheet

e Percent cover reference sheet

e |nvasive plants

e [n-Situ logger deployment check list
e |n-Situ logger deployment data sheet
e HOBO logger deployment check list

e HOBO logger deployment data sheet
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Deployment Check List

ONSET HOBO Loggers

Pre-Deployment

0 Notation of serial number and location
to be placed
Removal of all data on loggers
Removal of all data on shuttle

Programming (delayed start, 6 minute
intervals)

oo

Deployment

Bring into the field:
O Clipboard with
datasheets & pencil
1 GPS
Deployment equipment:

0O

[0 Water level loggers
(2)

Conductivity
loggers (2)

USB Micro station
Barometric
pressure sensor
Needle nose pliers
2 posts (short)

O googgo

od oo o

Retrieval
[ Homer Bucket
1 Knife/scissors to cut
zip-ties
Post-Deployment

Clean loggers

Clean housing

Download data

Export data to N: drive

Correct elevation to benchmark
Graph and QA/QC data

ooooog

SITE:

LOGGER SN:

LOGGER SN:

DEPLOYMENT DATE:

] Regular screwdriver
[l Refractometer
[l DI Water

Camera O Auto level

Stadia Rod (English, O Tripod

decimal feet)

%” PVC housing (4) ] Screws for

%” PVC housing (4) installation of micro
6” zip-ties station

Mallet 0 Regular screwdriver
Homer Bucket [0 Refractometer
Knife/scissors to cut [] DI Water

zip-ties [1 Syringe & tubing
Micro station L] Signs with CBEP
housing contact info.

] Syringe & tubing
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HOBO BARO-LOGGER DEPLOYMENT DATA SHEET

SITE INFORMATION

Site ID# (TR &/or Barrier ID):

Waterbody:

Town:

Street/Structure:

LOGGER INFORMATION

Micro Station S/N #:

Location (UTM, Zone 19 N, NAD
1983):

Easting:

Northing:

Sensor S/N #: Deployed by: | Logging Start Date/Time: |

Site Conditions:

Description of Photo #:

deployment site: Photo #:

Deployed as part of Co-located with other | Yes/No
a broader data set? instruments? S/N #:

General monitoring objective(s):

Sketch Plan View

Upstream

Downstream

Provide a simple sketch of the general form of the channel upstream and downstream of the deployment location. Show location of the logger in relation to the

road/structure. Sketch significant features.

ACTIVITY LOG

Date / Time:

Action:

Personnel:

Notes:

[ Deployment [ Replace batteries [ Cleaning

[ Data download [ Retrieval

Date / Time:

Action:

Personnel:

Notes:

[ Deployment [ Replace batteries [1 Cleaning

[0 Data download [ Retrieval

Date / Time:

Action:

Personnel:

Notes:

[ Deployment [ Replace batteries [ Cleaning

[ Data download [ Retrieval

POST-DEPLOYMENT NOTES / OBSERVATIONS (QA/QC, ETC.)

Version: 4 February 2019




HOBO CONDUCTIVITY/SALINITY LOGGER DEPLOYMENT DATA SHEET
6014080SITE INFORMATION

Site ID# (TR &/or Barrier ID):

Waterbody:

Town:

Street/Structure:

LOGGER INFORMATION

Logger S/N #:

Location (UTM, Zone 19 N, NAD 1983):

Easting:

Northing:

Programmed By:

Date Programmed:

Logging Start Date/Time:

Logger Type: Water Level / Conductivity Relation to Upstream / Downstream | Station #:
structure:
Site Conditions:
Description of Photo #:
deployment site: Photo #:
Deployed as part of Co-located with S/N #:
a broader data set? other instruments?
General monitoring
objective(s):
Sketch Plan View
Upstream Downstream

Provide a simple sketch of the general form of the channel upstream and downstream of the deployment location. Show location of the logger in relation to the

road/structure. Sketch significant features.

ACTIVITY LOG

Date / Time: Action: Personnel: Notes:

[ Deployment [ Salinity check [ Cleaning

[J Data download [ Retrieval
Refractometer (calibrated) — measured salinity @ time (twice, at least (PPT)@ ___:  (time)
6 min. apart): (PPT)@ ___:  (time)
Date / Time: Action: Personnel: Notes:

[ Deployment [ Salinity check [ Cleaning

[J Data download [ Retrieval
Refractometer (calibrated) — measured salinity @ time (twice, at least (PPT)@ ___:  (time)
6 min. apart): (PPT)@ ___:  (time)

Version: 4 February 2019




HOBO CONDUCTIVITY/SALINITY LOGGER DEPLOYMENT DATA SHEET

ACTIVITY LOG

Date / Time: Action: Personnel: Notes:

[J Deployment [ Salinity check [ Cleaning

[ Data download [ Retrieval

Refractometer (calibrated) — measured salinity @ time (twice, at least (PPT)@ ___:  (time)
6 min. apart): (PPT)@ ___:  (time)
Date / Time: Action: Personnel: Notes:

[J Deployment [ Salinity check [ Cleaning

[0 Data download [ Retrieval

Refractometer (calibrated) — measured salinity @ time (twice, at least (PPT)@ ___:  (time)
6 min. apart): (PPT)@ ___:  (time)

POST-DEPLOYMENT NOTES / OBSERVATIONS (RAINFALL, QA/QC, ETC.)

Version: 4 February 2019



HOBO WATER LEVEL LOGGER DEPLOYMENT DATA SHEET

SITE INFORMATION

Site ID# (TR &/or Barrier ID):

Waterbody:

Town:

Street/Structure:

LOGGER INFORMATION

Logger S/N #:

Location (UTM, Zone 19 N, NAD 1983): | Easting:

Northing:

Programmed By:

Date Programmed:

Logging Start Date/Time:

Logger Type: Water Level / Conductivity Relation to Upstream / Downstream | Station #:
structure:
Site Conditions:
Description of Photo #:
deployment site: Photo #:
Deployed as part of Co-located with other | Yes/ No
a broader data set? instruments? S/N #:
General monitoring
objective(s):
Sketch Plan View
Upstream Downstream

Provide a simple sketch of the general form of the channel upstream and downstream of the deployment location. Show location of the logger in relation to the

road/structure. Sketch significant features.

ACTIVITY LOG

Date / Time: Action:

Personnel: Notes:

[ Deployment [ Water level check [ Cleaning

[0 Data download [ Retrieval

Surveyed stadia rod measurements

Benchmark elevation: Start: (ft)@ __:  (time) Benchmark description:
Wat.er surface (twice, at least (ft)@ __: (t!me) F:hannel bottom (at )@ ;. (time)
6 minutes apart): (fty@___:  (time) instrument): E—
Date / Time: Action: Personnel: Notes:
[ Deployment [ Water level check [ Cleaning
[ Data download [ Retrieval
Surveyed stadia rod measurements
Benchmark elevation: Start: (ft)@___:  (time) Benchmark description:
Watfer surface (twice, at least (fty@___: (time) Fhannel bottom (at f)@ . (time)
6 minutes apart): (ft)@ __:  (time) instrument): E—
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HOBO WATER LEVEL LOGGER DEPLOYMENT DATA SHEET

ACTIVITY LOG

Date / Time:

Action:

Personnel:

Notes:

[ Deployment [ Water level check [ Cleaning

[0 Data download [ Retrieval

Surveyed stadia rod measurements

Benchmark elevation: Start: (fty@___:  (time) Benchmark description:
W f i I ft. : i h |
at.er surface (twice, at least fty@___: (t!me) C annel bottom (at )@ . (time)
6 minutes apart): (fty@__:  (time) instrument): E—
Date / Time: Action: Personnel: Notes:
[ Deployment [ Water level check [ Cleaning
[ Data download [ Retrieval
Surveyed stadia rod measurements
Benchmark elevation: Start: (ft)@ __:  (time) Benchmark description:
Wat'er surface (twice, at least (ft)@ __: (t!me) Fhannel bottom (at )@ ;. (time)
6 minutes apart): (ft)@ __:  (time) instrument): —

POST-DEPLOYMENT NOTES / OBSERVATIONS (QA/QC, ETC.)

Version: 4 February 2019




Appendix B — Regional Standards to Identify and Evaluate Tidal Wetland Restoration in
the Gulf of Maine

Available at: https://www.pwrc.usgs.gov/resshow/neckles/Gpac.pdf
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Cover Photo Collage

Background photo: mid-tide in an unaltered salt marsh (i.e., no tidal restrictions). Foreground photos clockwise from top
right: wading birds foraging in a salt marsh panne; volunteer sampling vegetation on high marsh (orange color of grass
indicates a fall rather than a summer sample date); road crossing with undersized culvert alters hydrology, functions and
values of upstream marsh (photo taken at low tide in early spring); the mummichog (Fundulus heteroclitus) plays an
important role in the marsh food web; Phragmites australis (commonly referred to as Phrag), a brackish marsh plant
that can become invasive in salt marsh areas where elevations and/or hydrology have been altered. Credits: wading birds
by B.A. King, aerial photo by J.List, others by M. Dionne.

Ilustrations on pages 5 and 9 by Thomas R. Ouellette, 57 Hany Lane, Vernon, CT 06066 (860) 872-6180

Report Photo Credits: M. Dionne unless otherwise noted.
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PREFACE

The Global Programme of Action Coalition for the Gulf of Maine (GPAC) was brought together by the com-
mission for Environmental Cooperation (CEC), a North American organization which fosters environmental coop-
eration on transboundary issues between the United States, Canada, and Mexico. This binational effort is in response
to the United Nations Environment Program’s global action plan to reduce degradation of marine and coastal envi-
ronments. Itis internationally recognized that about eighty percent of marine pollution is caused by human activities
on land. GPAC has been working for over two years to facilitate the implementation of the United Nations’ global
plan through the various communities, organizations, industries, and governments of the Gulf of Maine.

In 1998 GPAC engaged in a series of broad discussions via two regional workshops to identify the primary land-
based threats to the Gulf of Maine marine environment and to develop actions for reducing or eliminating their
impacts. These discussions highlighted the importance of tidal wetlands to the ecology, economy, and sustainability
of coastal ecosystems and some critical gaps in their conservation, restoration, and management throughout Gulf of
Maine jurisdictions. The workshop on “Regional Standards for Identifying and Evaluating Tidal Wetland Restora-
tion in the Gulf of Maine” was supported by GPAC as an initial effort to address some of these gaps on a regional
scale.

On behalf of GPAC, we would like to extend our sincere thanks to all who participated in the workshop and who
contributed to its success. We particularly thank the Workshop Steering Committee for adding substance to GPAC’s
vision and the Wells National Estuarine Research Reserve for graciously hosting the workshop.

The results of the workshop presented in this volume provide the basis for developing some binational programs
to enhance tidal wetland restoration across the Gulf of Maine. We are pleased to have been able to help in establish-
ing an international network that has been greeted with enthusiasm on both sides of the US-Canada border, and we
wish you continued success as these programs are implemented throughout the region.

GPAC Co-chairs:

Joe Arbour
Environment Canada

Katie Ries
National Ocean Service, National Oceanographic and Atmospheric Administration
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1 Regional Standards to Identify and Evaluate Tidal Wetland Restoration in The Gulf of Maine

I NTRODUCTION

Restoration of tidal marshes in the Gulf of Maine has
gained considerable momentum during the last ten to fif-
teen years. (Dionne et al. 1998) Following several centu-
ries of human activities that have altered, degraded, or de-
stroyed a large proportion of the tidal marshes in the re-
gion, the emphasis of many federal, state, provincial, and
nongovernmental programs is now on restoring the natural
hydrology and functional values of these systems. Resto-
ration efforts include proactive projects that increase the
amount and improve the quality of coastal habitats, and
mitigation projects to compensate for permitted impacts

Undersized culverts significantly reduce
tidal flow into marsh systems.

to tidal wetlands. Despite this emphasis, however, the
overall effectiveness of tidal marsh restoration in the Gulf
of Maine is uncertain. Contributing to this uncertainty are a
lack of comprehensive baseline information on sites avail-
able for restoration, widely varying degrees of restoration
project monitoring, inconsistencies in monitoring data col-
lection, and a paucity of scientifically defensible criteria for
determining restoration success.

In 1999, the Global Programme of Action Coalition for
the Gulf of Maine (GPAC) initiated a regionally coordi-
nated project to address these needs. The goals of the
projects are to develop a Gulf of Maine-wide inventory of
potential salt marsh restoration sites and a regional moni-
toring network of restored and reference salt marshes. On
June 2-3, 1999, a workshop was hosted by the Wells Na-
tional Estuarine Research Reserve in Wells, Maine to de-
velop the common protocols needed to establish these re-
gional programs. Over the course of a day and a half,
resource managers, scientists, and members of community
organizations from the United States and Canada
reached consensus on standard methods for inventorying
restoration opportunities and for monitoring restoration
efforts.

This report summarizes the resulting tidal marsh in-
ventory model and monitoring protocols for the Gulf of
Maine.

Dionne, M., D. Burdick, R. Cook, R. Buchshaum, S. Fuller.
1998. Scoping Paper 5: Physical alterations to water
flow and salt marshes. Commission for Environmental
Cooperation. Montreal, Canada. 57p. and appendices.

OVERVIEW oF THE GPAC INITIATIVE

The Global Programme of Action for the Protection
of the Marine Environment from Land-based Activities
(GPA) was developed under the auspices of the United
Nations Environment Programme to assist national and
regional authorities in reaching the goal of “sustainable
seas”. The three North-American countries — Canada,
Mexico, and the United States —were among the more than
100 signatories who agreed in 1995 to strengthen national,
regional and global arrangements for addressing marine
degradation from land-based pollution and activities.

The Commission for Environmental Cooperation
(CEC) was established in 1994 by Canada, Mexico, and
the United States under the North American Agreement
for Environmental Cooperation to address transboundary
environmental concerns, help prevent potential trade and
environmental conflicts, and promote the effective enforce-
ment of environmental law. The agreement complements
the environmental provisions of the North American Free
Trade Agreement (NAFTA).

In pursuing its mandate, the CEC is promoting two
pilot projects in North America to help implement the GPA.
The Gulf of Maine was selected as the focus of one of
those projects. To carry out this binational effort, the CEC
helped establish GPAC, a broad group of individuals from
Canada and the United States with interest in the Gulf of
Maine and the GPA. This group includes representatives
of the federal governments of Canada and the United States,
governments of the provinces (New Brunswick and Nova
Scotia) and states (Maine, New Hampshire, and Massa-
chusetts) bordering the Gulf of Maine, Native American
tribes, First Nations of Canada, industry, community ac-
tion groups, environmental advocacy groups, and research
and academic institutions.



GPAC is intended to form the basis for continued
regional cooperation and joint actions in marine and coastal
areas of the Gulf of Maine. GPAC set a strategic course
based on the principles of the GPA and is working toward
the following vision for the future:

“A healthy marine and coastal environment
in the Gulf of Maine where human use and
biological diversity thrive in harmony.”

To help implement the GPA in the Gulf of Maine, GPAC
draws from and builds on the existing work of the Gulf of
Maine Council on the Marine Environment, the Regional
Association for Research in the Gulf of Maine, the CEC,
and other organizations and individuals committed to the
protection of this shared public resource of world-class
cultural, economic and ecological value.

In 1998, GPAC sponsored two workshops to identify
threats from land-based activities to marine and coastal
habitats of the Gulf of Maine and determine strategies and
measures to address these threats. Participants represent-
ing a broad range of disciplines, interests, and organiza-
tions developed a list of priority pollution and habitat is-
sues requiring Gulf-wide action at the first workshop, which
was held in Saint John, New Brunswick on April 27-28.
These priority issues were combined into 5 broad catego-
ries, one of which focused on Physical Alterations to Wa-
ter Flow and Salt Marshes. At the subsequent workshop in
Portland, Maine on November 15-17, participants reviewed
existing activities in the Gulf of Maine region related to
these priority issues, identified gaps in current environmen-
tal protection and land-use programs, and proposed a se-
ries of actions to protect the coastal and marine environ-
ment from pollution and disturbance arising from land-
based activities. Through this process, the need for a Gulf-
wide inventory of potential tidal marsh restoration oppor-
tunities and regionally applicable standards for evaluating
tidal marsh restoration projects emerged as high priorities.
The workshop described in the following pages represents
the next step toward addressing these needs on a regional
basis.

WORKSHOP PRoOCESs

Workshop deliberations occurred within groups devoted
to one of four topics: site inventory, monitoring marsh physi-
cal characteristics, monitoring plants and habitat mapping,
and monitoring animals.

Workgroup discussions were guided strongly by

Introduction

existing information. For example, various tidal marsh in-
ventory models are in use within specific jurisdictions of
the Gulf of Maine region, each including certain site char-
acteristics to be evaluated with varying degrees of overlap
(Appendix C). Similarly, a number of protocols also exist
for monitoring restored tidal marshes in the region, some
of which emerged from previous workshops on the same
subject (Appendix C). This information provided a critical
springboard for work group discussions.

Inventory work group participants used existing data-
bases to propose data fields for inclusion in the regional
site inventory database model. To be selected as a field
for the regional database structure, the required informa-
tion was determined to be regionally applicable, reason-
ably available, and relevant to making decisions on costs
and benefits of potential and completed restoration actions.

Existing protocols for monitoring restoration projects
were distilled into a list of potential variables for consider-
ation by the monitoring work groups. Work group partici-
pants evaluated potential variables in terms of critical in-
formation gained, feasibility, cost (in U.S. dollars), the skill
level required for measurement, and spatial and temporal
sampling frequency. In recognition that application of a
lengthy, complex monitoring protocol on a large scale would
be cost prohibitive, participants were asked to reach con-
sensus on a minimum number of core variables to include
in a standardized, regional protocol. Participants also rec-
ommended the “best” protocol by identifying additional vari-
ables, techniques, sampling periods, etc. to be included in a
monitoring project as resources allow.

PRODUCT DEesicN

The protocols developed at the workshop are intended
to serve as springboards for assessments of Gulf of Maine
salt marshes that are either likely candidates for restora-
tion or that are being restored. To be most successful,
these assessments will involve the combined efforts of
practicing environmental professionals and members of vol-
unteer, community based organizations. The products of
this workshop are intended for use by professionals to plan
inventory and monitoring projects, and for professionals
and volunteers working in partnership to actually under-
take projects. Consequently, the level of detail presented
here assumes professional involvement. As presented,
these methods will assure the consistency of data collec-
tion efforts required for implementation on a regional scale.
We expect that in most cases, more detailed procedures
of field techniques will be compiled to guide on-the-ground
data collection.

2



3 Work Group Report: Database Model For Restoration & Reference Site Inventory

DaTtaBasE MoODEL FOR RESTORATION AND REFERENCE SITE INVENTORY

WoRrk GROUP PARTICIPANTS

Summary by: Eric Hutchins-NMFS, Arnold Ban-
ner-USFWS, John Catena-NMFS, Lou Chiarella-NMFS,
Pascal Giasson-NB DNRE, Jennifer Graham-Ecology Ac-
tion Center, Kim Hughes-NB Dept. of the Env., Chuck
Katuska-MA Wetlands & Banking Program, Tim Purinton-
Northeast Wetlands Restoration,Vic Pyle- Restore
America’s Estuaries, Aviva Rahmani-Ghost Nets, Bob Ru-
therford- NS Dept. of Fisheries & Oceans.

RATIONALE

The work group agreed on the following database
structure to inventory existing and potential tidal marsh res-
toration sites. Data fields were selected based on regional
applicability, availability of information, and relevance
for making decisions on costs and benefits of completed

CoORE VARIABLES

% Site I.D.: two letter state/province ID followed by
consecutive numerals, max. of five characters, e.g.
MA1, MA2, MAS,....MA99

< Project Name: subjective name, maximum of forty
characters, e.g. Conomo Point

< Town/City: town, city, maximum of forty charac-
ters, e.g. Manchester-By-The-Sea

< Waterbody: closest waterbody identified from a
1:24,000, 7.5 minute quadrangle map produced by
the US Geological Survey or a 1:50,000 map pro-
duced by Energy, Mines, and Resources, Canada,
maximum of forty characters, e.g. Saratoga Creek

< Latitude/Longitude: a point near center of resto-
ration site, including degrees, minutes and seconds,
e.g. 40° 18’ 23” N, 70° 34’ 45" W

< Owner: public and/or private, and/or Non-Profit Or-
ganization; enter owner acronym or abbreviation if
known, otherwise use PUB/PRV/NPO, maximum of
15 characters, e.g. USFWS/PRV/NPO

% Historic Condition: pre-impact National Wetlands
Inventory Classification (US) or Canadian Wetlands
Atlas Classification (Can) or specific species, maxi-
mum of 30 characters, e.g. E2EM/S.patens

and potential restoration actions. A Regional Inventory
Data Sheet and list of regional inventory coordinators are
included in Appendix D.

Aerial View of Webhannet Marsh, within Wells NERR
and Rachel Carson NWR, Wells, ME

*
0‘0

Nature of Alteration: select from following list: tidal
restriction, fill, stormwater, bulkhead, ditching, salt hay,
other; maximum of 40 characters, e.g. tidal restric-
tion/stormwater

< Impacts: consequence of alteration from following
list: drained marsh, impounded, flooded, invasive veg-
etation, other; maximum of 40 characters, e.g. drained
marsh/invasive vegetation

<+ Area: practicable area of enhancement/restoration
in square meters; this is the area improved, not just
the area worked on (e.g. dam removal area would be
large, but the area restored could be small) maximum
12 characters, e.g. 8,000 m?

< Restoration Action: select from following list: fill
removal, stormwater treatment, culvert enlargement,
ditch plugging, other, maximum 40 characters, e.qg. fill
removal/ stormwater treatment

% Estimated Cost: three ranges, (<10K), (10K — 100K)
or (>100K), maximum 10 characters, e.g. 10K — 100K

< Actions: check all that apply from the following list
and record date of entry: none, pre-monitoring, per-
mitted, implementation, post-monitoring, €.g. pre-moni-
toring, permitted, implementation, 9/00

+ For More Information: two names and contact info.
for additional information, e.g.John Catena, NMFS, 1
Blackburn Drive, Gloucester, MA 01903, P: 978-281-
9313, Email: John.Catena@noaa.gov



BAsSELINE HABITAT MAPPING

WoRK GROUP PARTICIPANTS

Summary by: Charles Roman-USGS, and Ted
Diers-NH Coastal Program, Sarah Allen-Normandeau
Assoc., Bruce Carlisle-MA CZM, Carolyn Currin-NOAA,
Pam Morgan-UNH, Frank Richardson-NH DES, Peter
Shelley-Conservation Law Foundation, Lee Swanson-NB
DNR.

RATIONALE

The base map provides a foundation for monitoring
activities. The purpose of the core variables defined be-
low is to provide the basic minimum information on the
location and fundamental features of the restoration site
(locus map, key physical and cultural features, latitude and
longitude), the general ecological condition of the marsh
(cover type mapping), and potential stresses on the marsh
(adjacent land use). The base map provides a template for
location of specific sampling sites and offers a baseline for
spatial change analyses (e.g. cover type changes over time).

COoRE VARIABLES

% Locus Map: state, province, city or town of salt
marsh monitoring site

< Key locator and cultural features associated
with monitoring site: e.g. rivers, roads, culverts

< Delineated wetland area/cover types: salt marsh,
fresh/brackish marsh, forested wetland, shrub domi-
nated wetland, open water (creeks, pannes, pools,
ditches), invasive species or species of interest, e.g.
Phragmites. If available, National Wetland Inventory
(US) or Canadian Wetlands Atlas (Can.) delineations
would be appropriate

< Manipulations: pre- and post-restoration, e.g. cul-
verts, dredging, removal of fill, excavations, addition
of fill, etc.

< Sampling locations: pre- and post-restoration
monitoring (transects, plots, etc.)

< Base map documentation: sources of base map
(USGS or Canadian topographic maps, aerial photo-
graphs including scale, type, and date, tax maps, Na-
tional Wetland Inventory database, other), scale of
map and north arrow, latitude and longitude

Work Group Report: Baseline Habitat Mapping 4

Great Blue Heron, Ardea herodias and
Snowy Egret, Egretta thula
Photograph by B.A. King

MaprrPING METHODS

Methods used to prepare the base map will be directly
dependent on the capabilities and facilities available to the
site participants. The most fundamental base map would
be intitiated with a 1:24000 scale topographic map, whereas
more sophisticated maps would use an orthophoto base
and geographic information systems (GIS) capabilities. A
base map developed with a GIS platform will have the great-
est long-term utility and will be easily modified as data
sets become available. It is strongly recommended that GIS
be utilized if possible.

There are several approaches to cover type mapping.
First, the US Fish and Wildlife Service National Wetland
Inventory (NWI) database or the Canadian Wetlands Atlas
may have mapped wetland cover types for the monitoring
site. State and provincial resource managment agencies
are also good sources of cover type maps. The NWI maps
are presented on a 1:24,000 base. Oftentimes these maps
are based on older photography (i.e., 1970°s-80’s) and may
need to be field verified for accuracy. Recent aerial photo-
graphs (preferably vertical) are another highly useful source
for developing or verifying the cover type base, but on-site
ground truthing is always required. State and provincial
agencies can also be good sources of aerial photography.

SkiLL LEVEL

All components of the base map, except for cover type
mapping, can be accomplished by volunteers, with mini-
mal initial guidance by professionals. Cover type mapping
will require involvement of professionals with training in
photointerpretation and field ground-truthing; however,
with training and oversight, volunteers could accomplish
these tasks. The more sophisticated base maps or series of
base maps will be developed through GIS platforms for
which extensive training and computer facilities are re-
quired.



CosT

Costs for development of the base map will vary de-
pending on the degree of professional involvement. It
would be ideal to engage the time and facilities of a GIS
professional for development of the base map. Univer-
sity environmental labs and environmental state, provin-
cial, and federal agencies all have excellent GIS capabili-
ties. The minimum base map could be prepared in 4-6
weeks time by a GIS professional at an estimated cost of
up to $5,000 - $10,000. This includes compiling the spa-
tial data, interpreting aerial photography, and ground-
truthing. The cost could be reduced significantly through
the use of trained volunteers. In addition, it may be pos-
sible to involve a GIS professional as a public agency’s
contribution to total project costs.
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ADDITIONAL VVARIABLES

Some sites and investigators with access to extensive
map files, aerial photography libraries, and GIS capabilities
may develop comprehensive base maps. Given these
capabilities, it may be appropriate to include additional
information on the base map including: detailed cover-type
mapping, ownership boundaries, elevation contours, soil
organic content, and 100 yr floodplain boundary.

SELECTED REFERENCES
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1979. Classification of wetlands and deep-water habi-
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TipAL MARSH RESTORATION

MONITORING

The following monitoring protocol for tidal wetlands is
based on a set of core variables within broad categories of
wetland structural and functional responses to restoration.
In selecting core variables, work group participants con-
sidered the integrative properties of various potential mea-
sures and the ease and cost of application on a regional
scale. In some cases, certain variables and sampling
schemes emerged as ideally suited for regional implemen-
tation; in others, trade-offs between information content
and expediency were required.

The variables and methods identified here represent
only one of several ways to characterize marsh response.
Collectively, these variables provide a cost-effective and
scientifically valid approach for monitoring restoration
projects in a consistent manner throughout the Gulf of Maine
region.

The core variables included in the protocol are the mini-
mum deemed necessary to evaluate responses of tidal
marsh ecosystems to restoration. These variables should
be monitored at all sites included in the regional network.
Restoration projects differ in goals, scope, and availability
of resources for monitoring, so that additional monitoring
of individual projects may be warranted. Additional vari-
ables are recommended within each monitoring category
for application to specific projects. Each section also lists
several key references that provide more thorough back-
ground and rationale for variable selection and some over-
views of sampling methods.

Restoration sites should be paired with “undisturbed”
natural reference marshes for monitoring, and ideally,
restored and reference systems should be monitored both
before and after the restoration is completed. Natural
wetlands are not true controls, but serve as reference
systems for determining whether restoration goals are be-
ing met, and they may be essential for distinguishing re-
sponses to restoration from natural background variab