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Functions of marshes

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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How will sea level rise affect marshes?

Slope = 3.2 mm/y
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Ganju et al. 2017 Nature Communications

Chamberlain et al. 2018 
Science Advances

The Washington Post April 11, 2018

AP News February 11, 2017



Spartina biomass over time

Wieski and Pennings 2013

Marsh monitoring: Permanent plots

Creekbank

Site River
flow

Sea 
level

Max 
temp

1 0.73 0.48 0.64

2 0.68 0.66
3 0.57

4 0.84 0.43 0.41

5 0.74 0.57
6 0.58 0.51
8 0.40
9 0.57

10 0.54 0.39 0.40

* * *

** *

*
*

*
*



Spartina biomass over time

Varies with
• Altamaha River discharge
• Palmer Drought Severity Index
• Sea level
• Temperature

Landsat 5
1984-2012

O’Donnell and Schalles 2016

Height form
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2006 SLAMM Model Results
Altamaha River Estuary

Courtesy C. Hladik & E. Herbert
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2006 SLAMM Model Results
Altamaha River Estuary
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Mechanisms for Marsh Gain & Loss
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* **

Salinity intrusion on 
fresh marsh

GCE 7 salinity
Max
Mean
Min

* *



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 m2)



Response in Press Treatments

Ludwigia ZizaniopsisPontedariaPolygonum

Plant loss

Li et al., subm.

Elevation loss
Control
Pulse
Press

Courtesy C. Craft and S. Pennings
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Mechanisms for Marsh Gain & Loss

Vertical Accretion
f (sediment, 

elevation,biomass)

Transgression
f (slope, inundation)



Marsh/Open Water
f (drainage density, 

hydroperiod)

Mechanisms for Marsh Gain & Loss
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f (slope, inundation)



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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Historical Analysis
Site Time 1 Time 2     Time 3 Focus Area     Overall Area
GCE 1942       1972         2013 25 km2 40 km2

VCR 1949       1957         2013              18 km2 40 km2

PIE 1938       1972 2013 21 km2 21 km2

GCE VCR PIE

Courtesy C. Burns & C. Alexander



AMBUR: Analyzing Moving Boundaries Using R
Shoreline Change Rate Calculation

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



Shoreline change

Courtesy C. Burns & C. Alexander
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Shoreline change
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944 transects
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1397 transects
74% eroding; 26% prograding
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Marsh Features - GCE
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Marsh Features - VCR

Increase in marsh area
Some upland transgression

Marsh & creeks converting to flats

Courtesy C. Burns & C. Alexander
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Marsh Features - PIE

Decrease in marsh area
Increase in ponds

Courtesy C. Burns & C. Alexander

2013
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Decrease in marsh area
Increase in ponds

Marsh Features - PIE

Courtesy C. Burns & C. Alexander
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Coded Responses

Courtesy C. Polsky



Ecosystem services, Threats, & Community Responses

Courtesy C. Polsky



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

Take Home Messages



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, 
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all of which depend primarily on human actions.



Thanks to: Ellen Herbert, Christine Hladik, Christine 
Burns, Clark Alexander, Steve Pennings, Chris 
Craft, Colin Polsky & Joan Sheldon


