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Functions of marshes
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Habitat: Food and refuge for fish, shellfish, shorebirds

Shoreline protection: Wave energy attenuation; buffer; erosion control
Water quality: Sediment trapping; pathogen removal; stormwater runoff
Nutrient cycling: Denitrification; microbial processing of organic matter
Carbon sequestration: Greenhouse gas reduction
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As you move upstream...

Increased plant biomass
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How will sea level rise affect marshes?

USGS Tide Gage, Ft. Pulaski
Slope = 3.2 mml/y
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Spartina biomass over time

Marsh monitoring: Permanent plots

Creekbank
Site | River Sea  Max
flow level temp
1 0.73 048 0.64
2 0.68 0.66
3 0.57
4 0.84 043 0.41
5 0.74  0.57
6 0.58 0.51
8 0.40
9 0.57
10 | 054 039 040

Wieski and Pennings 2013



Spartina biomass over time
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Effect of inundation on Spartina growth

Elevation relative to MSL
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Effect of inundation on Spartina growth
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Effect of inundation on accretion:
Sea Level Affects Marshes Model
(SLAMM)
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Effect of inundation on accretion:
Sea Level Affects Marshes Model
(SLAMM)
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Effect of inundation on accretion:
Sea Level Affects Marshes Model
(SLAMM)
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2006 SLAMM Model Results
Altamaha River Estuary

Salt marsh
Brackish marsh
Fresh marsh
Tidal forest

Courtesy C. Hladik & E. Herbert
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2006 SLAMM Model Results

Altamaha River Estuary
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Further upstream migration
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Courtesy C. Hladik & E. Herbert



Mechanisms for Marsh Gain & Loss
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Seawater Addition Long Term Experiment

SALTEX is a large-scale field experiment being conducted to evaluate how both
chronic and acute pulses of saltwater affect freshwater wetlands.

Press duration: April 2014- Oct 2017
Pulse delivered: Sep-Oct, 2014-2017

30 plots (2.5 m?)



Response in Press Treatments

Plant loss

Ludwigia Polygonum Pontedaria Zizaniopsis

Li et al., subm.

Elevation loss

— Control
— Pulse
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Courtesy C. Craft and S. Pennings



Press plots had increases in:  and decreases In:

Sulfate Gross Ecosystem Production
Nitrogen Respiration
Phosphate Net Ecosystem Production

Herbert et al.
Biogeochemistry
In press
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Mechanisms for Marsh Gain & Loss

Transgression
f (slope, inundation) :>

Vertical Accretion
f (sediment,
elevation,biomass)




Mechanisms for Marsh Gain & Loss

Marsh/Open Water
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Coastal SEES: A cross-site comparison of
salt marsh persistence in response to sea-
level rise and feedbacks from social

adaptations
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Site
GCE
VCR
PIE

GCE

Time 1
1942
1949
1938

Historical Analysis

Time2 Time3 Focus Area Overall Area
1972 2013 25 km? 40 km?
1957 2013 18 km? 40 km?
1972 2013 21 km? 21 km?

VCR PIE

Courtesy C. Burns & C. Alexander



Shoreline Change Rate Calculation
AMBUR: Analyzing Moving Boundaries Using R

Jackson et al., J. of Computer & Geosciences 2012



Shoreline change
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Shoreline change

Eroding
Prograding

944 transects
50% eroding; 50% prograding 1585 transects

48% eroding; 52% prograding 1397 t t
ransects

74% eroding; 26% prograding
Courtesy C. Burns & C. Alexander



Marsh Features - GCE
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Marsh Features - VCR
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Increase in marsh area
Some upland transgression
Marsh & creeks converting to flats
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Decrease in marsh area
Increase in ponds
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Marsh Features - PlE
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Coded Responses

Courtesy C. Polsky



Ecosystem services, Threats, & Community Responses

Courtesy C. Polsky



Take Home Messages

1. Sea level rise will affect both plant biomass and vertical
accretion

2. In addition to vertical accretion, there are other
mechanisms for marsh gain and loss:

 GCE likely to experience upstream migration
« VCR showing evidence of upland transgression

* PIE showing marsh loss due to shoreline erosion and
ponding

3. Although there are regional differences, the public
identifies primarily with cultural ecosystem services



Sustainability of Salt Marshes:
Still a Realistic Goal?

Depends on rate of sea level rise in relation to accretion
and the potential for both upland transgression and lateral migration,

Sea Level Rise Scenarios for the US

37 —Extreme

—=High

—=|ntermediate-high 2.5m
=—|ntermediate
—|ntermediate-low
= ow

n
&)

N

Global Mean Sea Level
Relative to 2000 (m)
0

1 - 1m
0.5 -
0.3m
Q == T T T T T T T T 1
2000 2020 2040 2060 2080 2100

NOAA 2017

all of which depend primarily on human actions.
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