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Talk Roadmap

1. Marsh Degradation and Runnels Background

2. Remote Sensing Workflow

3. Impact of Runnels on Revegetation

4. Impact of Initial Marsh Condition on Revegetation

5. Site-specific examples of runnel restoration
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Expansion of Mega-pools and Loss of High Marsh Habitat!
Embankments

Sea Level Rise

Waters et al. 2025
Smith et al. 2021
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Drainage Enhancement & Restoration of Tidal Flow

Standing Water

Root Zone Waterlogging

Anoxic Soil Conditions

Revegetation

Belowground Biomass

Soil Aeration



Research Question
Does drainage enhancement restore high marsh habitat? 
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?



Study Area
3 States 
21 Sites

Vegetation

Hydrology
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Remote Sensing

Sparrow Point Counts



Study Area
3 States 
21 Sites

Vegetation

Hydrology
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Remote Sensing

Sparrow Point Counts



Research Question
Does drainage enhancement promote re-vegetation?

Does the pre-restoration marsh condition impact the rate of 
recovery?
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?



NAIP Imagery Normalized Difference 
Vegetation Index

Marsh Surface 
Classification

106 Classifications
89 + 6% Accuracy
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2010 2012 2014 2016 2018 2021

NAIP Imagery Dates



NAIP Imagery Sub-tideshed

            Background       Analysis Workflow        Impact of Runnels          Initial Condition Runnel Examples

UVVR Calculation

2010

2021

 

 

 



Reference RunnelNo Action
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Miscellaneous

Sub-tidesheds Classified Sub-tidesheds

Treatment Tidesheds Acreage

Reference 48 277

Runnel 68 324

No Action 72 378

Miscellaneous 89 747

Retained in 
Analysis

188 981



2010 2012 2014 2016 2018 2020 2022

Date of Restoration per Site

Restoration dates adjusted to Year 0 for common 
recovery timeline

Study Area
3 States 
21 Sites

Tidesheds
Reference – 48 
No Action – 72

Runnel – 68

-10 -8 -6 -4 -2 0 2 4 6 8

Pre-restoration Post-restoration
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Study Area
3 States 
21 Sites

Tidesheds
Reference – 48 
No Action – 72

Runnel – 68
-10 -8 -6 -4 -2 0 2 4 6 8

Pre-restoration Post-restoration
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Linear Mixed Spline Modeling



Research Question
Does drainage enhancement promote re-vegetation?

Does the pre-restoration marsh condition impact the rate of 
recovery?
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?



n = 1043
Treatment * Time: F

4, 838.1 
= 839.2, p < 0.001

Does drainage enhancement promote re-vegetation?
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+0.002 per year +0.002 per year

-0.003 per yearContinued trend of increasing loss of vegetation

Minor reverse trend from loss to gain in vegetation

+0.005 per year



Does drainage enhancement promote re-vegetation?
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+0.008 per year -0.037 per year

Substantial revegetation over time after restoration!

n = 1043
Treatment * Time: F

4, 838.1 
= 839.2, p < 0.001

+0.002 per year +0.002 per year

-0.003 per year+0.005 per year



n = 1043
Treatment * Time: F

4, 838.1 
= 839.2, p < 0.001

Does drainage enhancement promote re-vegetation?

            Background       Analysis Workflow        Impact of Runnels          Initial Condition Runnel Examples

-0.19%per year +1.73% per year

Substantial revegetation over time after restoration!



Change in Vegetated Acreage

# of Tidesheds

Full Study Area
Pre-restoration = -20.6 acre

Does drainage enhancement promote re-vegetation?

72

48

68



Change in Vegetated Acreage

# of Tidesheds

Full Study Area
Pre-restoration = -20.6 acre
Post-restoration = + 8.4 acre

Does drainage enhancement promote re-vegetation?



Research Question
Does drainage enhancement promote re-vegetation?

Does the pre-restoration marsh condition impact the rate of 
recovery?
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?



Degraded Panne Condition
UVVR < 0.15

Does the pre-restoration marsh condition impact the rate of recovery?

Degraded Pool Condition
UVVR > 0.15
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n = 773
Treatment * Time*Condition: F

2, 622.8 
= 7.06, p = 0.001

Post-Restoration
-0.049 per year
-0.006 per year

Pre-restoration
+0.011 per year
-0.001 per year

Post-Restoration
-0.004 per year
+0.001 per year

Pre-restoration
+0.006 per year
+0.002 per year

Does the pre-restoration marsh condition impact the rate of recovery?

Degraded Panne Degraded Pool
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Year 0
6.66 ha

Year 3
7.15 ha

Year 6
7.81 ha

(Preliminary)
Year 8

8.51 ha

See McKown et al. 2023 for project details

Pine Island – Tideshed 6 (South Pool)

Vegetated Marsh Surface

Open Water, Bare Surface
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Year -3 – 1.22 ha Year 1 – 1.31 ha

Year 4 – 1.51 ha

Essex – Tideshed 6

Vegetated Marsh Surface

Open Water, Bare Surface
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Year -1 – 1.24 ha



Next Steps

- Similar analysis with field work assessments of hydrology 
and vegetation

- Possible trends of hydrology and vegetation to the avian 
community?



Publication Dataset & R Code

Thank you!
Questions?


