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Goal

The goal of this monitoring protocol is to further understand where, when and how New
Hampshire marshes are migrating upslope from sea-level-rise to inform ecological processes
and future management decisions (e.g., land protection, restoration) around the long-term
conservation and protection of our tidal marshes.

To achieve this goal, we recommend tracking plant community shifts along migration pathways
of tidal marshes across different (1) coastal regions, (2) inland plant communities, and (3) inland
gradients using multiple protocols. The marsh migration monitoring protocols below adds to our
state’s multiple in-marsh monitoring efforts by extending monitoring inland adapted from two
different established techniques previously tested nationally and across the Atlantic,
respectively:

1. Ecotone boundary monitoring adapted from NERRS 2023, Appendix.

2. Ecotone community monitoring adapted from Tiner 2014.

Suggested Citation: Peter, C.R., J. Glode, D.M. Burdick, K. Lucey, A. Barry, R. Stevens, C. Riley, L.
Vaccaro, T. Matterra, W. Nichols., and L. White. 2025. New Hampshire Marsh Migration Monitoring
Protocol. NERRS Science Collaborative. 10 pp.
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Monitoring Site Selection

We recommend establishing monitoring in areas with evidence or predictions of migration
pathways from site visits and/or modeling. In NH, results of SLAMM (Sea Level Affecting
Marshes Model) are available to help visualize sea-level-rise predictions of marsh migration. In
areas where there is poor to no marsh migration potential such as a steep upland slope,
monitoring in-marsh using the Ecotone Boundary Monitoring can still be useful to identify how
marsh ecotones (e.g., mudflat to low, low to high, etc.) are changing.

For transect setup, extend transects into upslope communities likely to be impacted by SLR
over the next 50 years (~1.0 m of elevation from marsh edge). In the future, additional plots can
be identified further upslope and inland as necessary. Because many factors may affect
migration, attempt to capture these changes when locating transects (i.e., salinity gradients,
upland slope gradient, upland community composition). For replication, we suggest establishing
three or more transects per site. If a site has multiple distinct components (e.g., brackish vs
halophytic marsh), consider these components separate sites and either monitor one
component using three transects or both components using additional total transects. A full list
of equipment needed for site establishment and monitoring is found in our Appendix (pg 10).

Ecotone Boundary Monitoring

This nationally-created NERRS method tracks horizontal shifts in ecotones within the marsh and
migration pathway by tracking lateral migration over time (NERRS et al. 2023, Appendix 3, pg.
29-34). The monitoring protocol below uses the NERR protocol, but adds greater detail on
ecotone boundaries in New England and associated datasheets (Figure 1).

Horizontal distances are measured from Om benchmark.
Ecotone boundaries are defined by the Most Seaward Location (MSeal) along the transect of the following:
MSeal where MSeal dominated (>75%) by MSeal dominated (>75%) by MSeal of MSeal of
100% cover is transitional brackish species high marsh species high marsh Spartina
non-tidal species (S. pectinata, Agrostis (S. patens, D. spicata, J. species alterniflora
stolonifera, Asters, Typha, gerardii, S. alterniflora
etc.) [short], etc.)
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Figure 1 - Key ecotone boundaries of New Hampshire for Ecotone Boundary Monitoring.


https://experience.arcgis.com/experience/d371838d34514787a435c82180e8482c/
https://experience.arcgis.com/experience/d371838d34514787a435c82180e8482c/

Quick Links: Ecotone Community Datasheets: Blank and Example.

When to Monitor

Monitor every 3-5 years

Monitor at a consistent time of year around peak biomass (Aug-Sep) because vegetation
can shift seasonally. Consider plant identification (timing of flowering) as well as
sensitive animal species (sparrow and osprey nesting).

Site Establishment

Establish permanent markers: Place a primary benchmark in the upland, beyond any
evidence of wrack or tidal flooding. Benchmarks should be solid structures such as
wooden stakes or PVC, or even trees in line with the transect.

Starting at the primary benchmark, run a transect tape from the landward to the seaward
edge, stopping at the end of low marsh vegetation. Attempt to intersect the landward and
seaward edge of the marsh perpendicularly. Place a secondary benchmark along the
transect. These two benchmarks will be used to guide the placement of the transect in
the future.

Standing at the primary benchmark, record the compass bearing (note compass
declination, even if set to zero).

Take GPS coordinates of primary and secondary benchmarks.

Ecotone boundary identification

Use consistent definitions of ecotone boundaries. In Table 1, we’ve listed ecotone
boundary definitions for NH. In some cases, definitions may be complicated to apply at
sites with multiple transition zones between different wetland types. In these instances,
definitions may be modified and should be carefully documented.

Moving up the transect from the seaward to the landward edge, determine ecotone
edges by looking across a 2m wide section (roughly arms length) and applying the
ecotone boundary definitions (Table 1). Note the distance along the transect where each
boundary is located and describe the vegetation within that ecotone. Other notes:

o Boundary delineations will be in a different location than ecotone community
monitoring plots. Boundaries are the most seaward of a community and will likely
have fewer species from that community present at this edge.

o Consider monitoring ecotone boundaries upslope of marsh (e.g., freshwater
swamp, low-lying hardwood forest).

Take a photo of the transect at the primary benchmark and the seaward edge, both
facing inwards towards the marsh.

Microtopography measurements such as ditches or pools are not required, though can
be optionally noted.


https://drive.google.com/file/d/17w9vbPAmachtfKQkKP5QZtEazl2yHHDu/view?usp=drive_link
https://drive.google.com/file/d/1Zh2MOT0VGQiwhO5iQqXDh_Rri1WxYwox/view?usp=drive_link

Table 1. Ecotone seaward boundary definitions (see Figure 1 for diagram representation)

Ecotone** Seaward Landward
Low Marsh Most seaward S. alterniflora. Most seaward first occurrence of high
marsh spp. (e.g., S. patens, D. spicata,
S. alterniflora [short-form], etc.)
Transition Most seaward first occurrence of high Most seaward location dominated (> 75%
High-Low marsh spp. (e.g., S. patens, D. spicata, | cover) by high marsh spp.
S. alterniflora [short-form], etc.).
High Marsh Most seaward location dominated (> Most seaward location dominated (>75%
75% cover) by high marsh spp. cover) by transitional brackish spp. (e.g.,
S. pectinata, Asters, Agrostis stolonifera,
Typha, etc.).
Transition Most seaward location dominated Most seaward location where 100% of
Terrestrial (>75% cover) by transitional brackish the cover is non-tidal species.
spp. (e.g., S. pectinata, Asters,
Agrostis stolonifera, Typha, etc.).
Non-tidal Most seaward location where 100% of | N/A.
the cover is non-tidal species.

Monitoring vegetation (optional)
e Species of interest. using the same 2m span (1m on either side of the tape), identify

the following locations along the transect tape:

o O O

O

o

o

Most seaward location of Spartina alterniflora

Most seaward location of Spartina patens

Most seaward location of Typha angustifolia

Most landward location of Typha angustifolia

Most seaward location of Phragmites australis

Most landward location of Phragmites australis

e Herbaceous: using the same 2m span (1m on either side of the tape), identify the
following location along the transect and the species observed:

Most landward halophyte
Most seaward non-tidal

e Trees and Shrubs: Trees are defined as over 6m (20ft) tall, and shrubs are woody
plants <6m (20ft) in height. Using a wider 5m span (2.5m on either side of the tape),
identify the following locations along the transect tape:

o

o O

Most seaward live tree
Most seaward dead tree
Most seaward live shrub
Most seaward dead shrub




Ecotone Community Monitoring

Here, we present a partially modified version of the USFWS ecotone monitoring (Tiner 2014) to
extend in-marsh monitoring into inland ecotones and accommodate larger-sized flora such as
shrubs and trees (Figure 1). Our workgroup collectively recommended making a few
modifications ( ) to better work with our statewide marsh monitoring framework.
Ecotone community monitoring consists of monitoring multiple plots associated with the
ecotones inland of the marsh identified in the Ecotone boundary monitoring as described above
(Table 1), for the purpose of documenting shifts over time in the vegetation properties along the
transect. Ideally, with the participation of numerous partners, transects will be established
across multiple sites and within different transitioning upslope habitats to help build a broad
understanding of marsh migration and coastal vegetation changes due to sea-level-rise within
the region.

Figure 2: Community Monitoring plot locations along transect
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Figure 2 - Example of plot locations for Ecotone Community Monitoring, shown in the Non-tidal area in
red. Plots shown in all other areas (tidal) are from separate in-marsh monitoring protocols.

Quick Links: Ecotone Community Datasheets: Blank and Example.

When to Monitor

e Monitor every 2-3 years

e Monitor at a consistent time of year around peak biomass (Aug-Sep) because vegetation
can shift seasonally. Consider plant identification (timing of flowering) as well as
sensitive animal species (sparrow and osprey nesting).

Site Establishment

e Use the transects established for ecotone boundary monitoring, at least 3 per site.

e Because marsh monitoring is done at many sites across the state, often in conjunction
with ecotone monitoring, we suggest establishing community plots in non-tidal ecotones
only based on the Ecotone boundary monitoring. Locate community plots entirely within
an ecotone but near the seaward edge (Figure 2). Do not have plots that overlap
community types. With time, consider adding future upland plots as sea levels increase.


https://drive.google.com/file/d/1_HrrAUiNq4M0q6064mc0AA2FYt6Lz9aZ/view?usp=drive_link
https://drive.google.com/file/d/15ZVvh0-0Iq4XALFXKZdtjihCo1vrmYU5/view?usp=drive_link

If the ecotone is consistent in species composition and slope, only one community
monitoring plot is needed. Additional plots can be considered within an ecotone if there
is a change in plant community or slope.

Install a permanent marker in the center of each plot (e.g. wooden stake), and take a
GPS coordinate of this location.

In areas inside the larger radius tree/shrub plots, multiple herbaceous plots can be
established to track changes in slope, herbaceous plant communities, etc.

Monitoring vegetation

With the plot center permanently marked, observe the following plot sizes based on
vegetation stratum (Table 2). These plot sizes can be nested, i.e. in the forest upland
community, you will have three stratum subplots, all with the same center post.

Take a photo of each plot and subplot, including a label (dry erase board with transect
and plot number noted) in each photo. Take a series of photos to capture the multiple
vegetation stratas: from above for the herbaceous 1m2 plot; from the center of the plot,
facing all four cardinal directions for the 4.5m shrub plot; from the center of the plot
facing all four cardinal directions as well as a canopy photo for the 9m tree plots.

Table 2: Plot size for each vegetation community

Stratum Definition Plot size

Herbaceous graminoid, herbaceous, young woody plants <1 m, | 1 m? quadrat
(3 ft) tall

Shrub any woody plants <6 m (20 ft) tall 4.5 m radius

Tree any woody plants >6 m (20 ft) tall 9 m radius

Herbaceous monitoring:

We recommend offsetting the herbaceous plot from the transect ~2m to avoid trampling. Record
exact location on the datasheet. Additionally, we recommend collecting herbaceous data first
and offsetting the plot placement to avoid effects from trampling.

Plot = 1 m2 quadrat
Species: identify and list on the data sheet all plants rooted in the plot to species.
Percent cover: Estimate visual % cover for each listed plant species, as well as for
abiotic covers (e.g., dead, bare), such that collectively, all abiotic and biotic covers within
the quadrat total to 100%.

o Example: S. patens 50%, J. gerardii 30%, bare soil 20%.
Water: may be present due to high tide or a recent flood or rain event. Estimate the %
cover of water within the plot independent of other cover estimates, as water does not
exclude other cover types



e Wrack: may present itself in some years within the plots. Estimate the % cover of wrack
within the plot independent of other cover estimates, as wrack can smother existing
living vegetation that can be captured as biotic cover

e Overstory: can dramatically shade a plot and reduce vegetation cover within the plot.
Estimate % cover of overstory independent of other cover estimates.

Shrub and Tree:

For transects that are not conducive to migration (i.e., steep slopes), skip shrub/tree plots and
simply record the canopy condition index of the immediate shoreline vegetation, noting the width
of vegetated zone and the condition index being applied. If no shrubs or trees are present in the
upland, only use 1 m? herbaceous plots.

Shrub monitoring:

e Plot =4.5m (15 ft) circular radius plots.

e Species: Shrubs are defined as woody plants less than 6 m (20 ft) tall. identify and list
on the data sheet all plants rooted in the plot to species.

Average height: estimate the average height of the shrub community across the plot.
% Shrubs alive: estimate the percent of alive shrubs throughout the plot.
Individual species cover: Estimate the visual cover by individual shrub species. Only
live plants will be measured: abiotic covers (e.g., bare, dead) are not measured.
Because of canopy layering, these totals are not ‘forced’ and can exceed the 2D %
cover estimate.

o Example: M. gale 80%, Q. bicolor 50%.

e Total shrub canopy: Estimate the visual cover by total shrub community in 2D % cover
from a birds-eye (flattened) view. (i.e., assessed into one single stratum and not broken
up into sub-strata).

o Estimates must range from 0-100%.
e Canopy Condition: Record the canopy condition index for each live shrub species
within the plot, and for the average shrub canopy condition across the whole plot:
o Excellent — no sign of die-back or stress.
Good — no sign of die-back but some stress noted (e.g., chlorosis).
Fair — some sign of die-back (up to 25% dieback of canopy).
Somewhat poor — significant die-back (25-50% dieback).
Poor — majority die-back (>50% to 90% dieback).
Extremely poor — very little live woody material (>90% dieback).

o O O O O

Tree Monitoring:
e Plot =9 m (30 ft) circular radius plots.
o If communities within the migration pathway cannot include a 9 m radius circular
plot, consider using a different plot dimensions with a similar total area of 65 m?
for shrubs and 260 m? for trees*.
o Example: 10 m width, 26 m length = 260 m2,
e Species: Trees are defined as woody plants taller than 6 m (20 ft). When partially dead
trees taller than 6 m are present and the only live parts are <6 m, they are still monitored
as trees.



Average height: Visually estimate the average height of the trees across the plot.
Alive Trees: Count the number of alive trees throughout the plot, then estimate the
percent of alive trees throughout the plot.
Individual species cover: Estimate the visual cover by individual tree species. Only live
plants will be measured. Because of canopy layering, these totals are not ‘forced’ and
can exceed the 2D % cover estimate

o Example: A. rubrum 80%, P. strobus 50%.
Total tree canopy: Estimate the visual cover by total tree community in 2D % cover from
a birds-eye (flattened) view. (i.e., assessed into one single stratum and not broken up
into sub-strata).

o Estimates must range from 0-100%.
Canopy Condition: Record the canopy condition index for each live tree species within
the plot, as well as an average condition across the whole plot:

o Excellent — no sign of die-back or stress.
Good — no sign of die-back but some stress noted (e.g., chlorosis).
Fair — some sign of die-back (up to 25% dieback of canopy).
Somewhat poor — significant die-back (25-50% dieback).
Poor — majority die-back (>50% to 90% dieback).
Extremely poor — very little live woody material (>90% dieback).

o O O O O

Hydrologic monitoring (Optional)

To monitor the impacts of SLR on the groundwater, we recommend installing groundwater wells
at each herbaceous plot to measure the groundwater depth and salinity.

Wells can be constructed from %” PVC and installed to collect water at a specified depth
range. We recommend constructing wells deeper than for tidal marsh applications due to
the lower groundwater table at or in the upland:

o Use 90 cm PVC sections. Drill holes every 5 cm from 20-75 cm. This leaves 15
cm for the well to protrude above the soil surface and collect water at a soil depth
range of 5-60 cm. This also leaves the bottom 15 cm intact to allow sediment and
water to pool.

Groundwater can be measured with wooden dowels and measuring the depth of
wetness with a ruler, factoring out the height of the well above the soil surface.

Salinity can be measured by extracting porewater with a syringe and tube or sipper and
using a refractometer.
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Appendix- Equipment List

Establishment

Wooden or PVC stakes as benchmarks (2 per transect)

Wooden or PVC stakes as community plot markers (1-2 per transect)
Hammer

100m Transect tape (1-2x, depending on transect lengths)

Flagging tape

GPS and compass

Vegetation Monitoring

100m Transect tape (1-2x, depending on transect lengths)

25m Transect tape for measuring out community plots

Flags (pin or flagging tape) to temporarily mark out community plot boundaries
GPS and compass

1m2 quadrat

Clipboard with datasheets, protocols

Plant ID guide(s)

White board and dry erase marker for plot photos

Hydrology Monitoring (optional)

Wells (90 cm PVC with holes every 5cm from 20-75¢cm and cap)
Refractometer

Wooden dowel

Ruler

Syringe and tubing or ‘sipper’
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