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Outline

* Introduction to the problem: interior open-water conversion
* Runnels as a climate-adaptation technique

* What we know about runnels so far (evidence from two microtidal
northeastern marshes — one case-study, one experiment)

* Best practices for site selection and lessons learned



Bare and shallow water areas on marsh interiors are increasing
In number and size across the Northeast and Mid-Atlantic




A classic model of a marsh in equilibrium

Goldenrod, groundsel Deer,
bush, marsh elder, hawk, cedar
Figure 1. “Profile of a Long Island Sound Salt Marsh Ecosystem (lllustration by Lucy Reading-ikkanda/ Saltmeadow cordgrass, Common reed switchgrass
LISS.” (Image credlits: https.//lispartnership.org/wp-content/uploads/2015/08/ SLAMMdid-you-know- spikegrass, (phragmites) <6
Glasswort, saltmarsh sparrow, -
fact-sheet2-V05.pdf)
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Flooded daily at high tide

Flooded at spring high tides (higher than
average high tides; occurs twice monthly)

UPPER BORDER UPLAND
Flooded rarely
at extreme high tide

* Dense stands of grasses, forbs

* |nundation related to tidal exposure along a gradual
elevation gradient

* Tidal flushing dominated by “single channel hydrology”

Above tidal zone, subject
to storm surge/salt spray
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A classic model of a marsh in equilibrium

Goldenrod, groundsel Deer,
bush, marsh elder, hawk, cedar

Figure 1. “Profile of a Long Island Sound Salit Marsh Ecosystem (lllustration by Lucy Reading-lkkanda/ Saltmeadow cordgrass, Common reed switchgrass

LISS.” (Image credlits: https.//lispartnership.org/wp-content/uploads/2015/08/ SLAMMdid-you-know- spikegrass, (phragmites) A
Glasswort, saltmarsh sparrow, i
stunted smooth asters >

fact-sheet2-V05.pdf)
Atlantic cordgrass, and
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seaweed, Crab,
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clams worms
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Spring high tde

Average high tide
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SUBTIDAL | TIDAL MUDFLAT LOW MARSH HIGH MARSH WITH SALT PANNES UPPER BORDER UPLAND
Submerged Flooded at high tide Flooded daily at high tide Flooded at spring high tides (higher than Flooded rarely Above tidal zone, subject
average high tides; occurs twice monthly) at extreme high tide to storm surge/salt spray

* Salt marsh pannes are dynamic, temporary habitats 10 m
e Salt marsh pools are stable wildlife habitat, over decades part of a

dynamic equilibrium




Ditching, roads and culverts, berms and embankments, and
Impediments to marsh migration in combination with accelerated
relative sea level rise are changing hydrology and vegetation.
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* Runnels as a climate-adaptation technique

* What we know about runnels so far (evidence from two microtidal
northeastern marshes — one case-study, one experiment)

* Best practices for site selection and lessons learned



Runnels

Small, shallow channels to drain
standing water and restore tidal
hydrology

Technique for marsh areas that
should drain, and typically not
flooded daily (near or above MHW)

Often constructed through a
barrier to drainage (levee, ditch
spoil, agricultural embankment),
connected through low areas

Revegetation through colonization
of live plants around edges (not
usually planted)




Shallow drainage — different from large creeks
and ditches and placed strategically

Adapted from W. Ferguson
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Shallow drainage — different from large creeks
and ditches and placed strategically

* Modeling single-channel hydrology
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1 1.1 T2 13 1.4 1.5
Meters Above Mean Sea Level

Figure 5: Digital elevation model based on LIDAR data from ditched and unditched areas of the
Great Barnstable Marsh courtesy of Giulio Mariotti.

DeMoor PhD Thesis 2022
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Shallow drainage — runnels do not over-oxidize

solls
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Hillary L. Sullivan, Alice F. Besterman, Rachel W. Jakuba, Joseph E. Costa, Delaney Mezan, Linda A. Deegan, Jennifer L. Bowen, Salt

marsh decomposition after hydrologic restoration with runnels, Estuarine, Coastal and Shelf Science, 2025.



Example from Cape May NJ, Figure adapted from Mariotti 2016

Runnels model single-channel hydrology
processes (tidal creek capture and drainage)




Example from Cape May NJ, Figure adapted from Mariotti 2016
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Evidence from Chesapeake Bay marshes
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Runnels model single-channel hydrology and
tidal creek capture

But how does that process work? What changes
are expected after runnel creation?



Winnapaug Marsh

* Winnapaug Marsh, Rhode Island

* Grid-ditched, microtidal, back-
barrier pond with tidal restriction
(max 0.5 mTR)

* 25-50% cover of high marsh
speciesin 2011

* Save the Bay, W. Ferguson

* Small number of hand-dug runnels
in 2012

* 2013 and 2014 excavation

NARRAGANSETT BAY

20
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Phase llI:
High marsh species

' Phase I | Phase II:
,  Drainage , Early colonizers
| |
2011: 2013: 2014 2015
| |
s 701 Spartina alternlflora |
G |
Q3 50+ .
2
30 A
10 1
e\ 09, N3
?(e*‘\‘&%t\k 00 ot Thot©

Besterman et al., 2022.
Estuaries and Coasts.

23



. Phasel: | Phase II: : Phase |II:
,  Drainage , Early colonizers High marsh species
| 1 |
2011, 2013: 2014 2015 : 2017 2019
70 ' | 1 Spartina alterniflora
S Spartina alterniflora | :
; T 0 :
3 50- N :  oicata
O o, : Distichlis SP
2 |
|
30 1 Water | ;
|
7 : 1
NG~ o SSUEE
e Qe ot o

Besterman et al., 2022.
Estuaries and Coasts.



Outline

* Introduction to the problem: interior open-water conversion
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* What we know about runnels so far (evidence from two microtidal
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* Best practices for site selection and lessons learned



What do we know about runnels so far?

1. Open water cover can decrease
2. Vegetation canrecover, despite significant variability



Fundamentals from two projects

* Winnapaug, Rhode Island
* Buzzards Bay, Massachusetts



1. Open water cover can decrease
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Fringing Marsh J} Cape God .|

) ?

1.1-m tidal range
Mean relative tidal elevation 1.17-m
Shallower interior water features

0.5-m tidal range
Mean relative tidal elevation 1.28-m
Deeper interior water features
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1. Open water cover can decrease — 3 years

400

2001

Control Runnel Control Runnel

o

Pool Cover Percent Change

Hillary L. Sullivan, Alice F. Besterman, Rachel W. Jakuba, Joseph E. Costa, Delaney Mezan, Linda A. Deegan, Jennifer L.
Bowen, Salt marsh decomposition after hydrologic restoration with runnels, Estuarine, Coastal and Shelf Science, 2025.



1. Open water cover can decrease
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Water Level (cm)

2020

2021

2023

= Fringing (1-m TR)

— Salt Pond (0.5-m TR)




What do we know about runnels so far?

1. Open water cover can decrease
2. Vegetation canrecover, despite significant variability



2. VVegetation cover can increase

Experimental Runnel

0y ol
EINT T e ais vy NP

Before: 2020 After: 2023

Besterman et al., in prep.



Experimental Runnel

Before: 2020 After: 2023

Live vegetation recovered to average of 88%
across 10 Runnel Sites

Besterman et al., in prep.



Experimental Runnel

Before: 2020 After: 2023

Live vegetation decreased slightly (1-2% points)
across 10 Control Sites

Besterman et al., in prep.



What do we know about runnels so far?

1. Open water cover can decrease

2. Vegetation canrecover, despite significant variability
a. High marsh species canincrease in marsh around pools



Besterman et al., 2022.
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Building consensus through Decision-Maker Workshop

* 2020 workshop designed to introduce
concepts to stakeholders, + solicit
expert opinion on site selection,
permitting, methods, monitoring

* Attended by scientists, regulators,
resource managers, restoration
practitioners, landowners across several
northeastern states

* About 60 in-person, and 20 online
participants




Decision-Maker Exercise: Approach

* Goal: Solicit expert opinion on site selection for runnels
* Focus on eco-geomorphic factors, less emphasis on factors such as landowner
interest, conservation value, etc.

* Assignment: Rank marshes accordingto likelihood runnels alone could restore
vegetation to denuded areas, with greatest long-term impact

* Packets with data, maps, and photos for 10 marshes around Buzzards Bay-
each group ranked 3 marshes, and each marsh was ranked by 2 groups



Patuisset, Bourne, Oct 2018 Legend

&

Decision-Maker Exe " v

% Option 1- 27 ft
«» Option 2- 20 ft
> Option 2- 30 ft

* Rankings varied

* Marsh characteristics weigh
among participants

——e 1 N . .o




Decision-Maker Exercise: Recommendations

Runnelling not enough in isolation. Runnel maintenance, complementary
techniques needed in most cases (e.g., ditch maintenance, ditch
remediation, sediment placement).

Infrastructure (roads, upland barriers, culverts) may create complexity,
require additional management (e.g., culvert replacement) for runnel to be
successful.

Should prioritize sites with elevation capital, some healthy high marsh
vegetation, pools underlain with firm in-tact peat

Percent cover of bare, denuded area most important factor to
consider: avoid sites “too far gone”.



Lessons learned through practice

* Runnels in phases
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e Sill —trap sediment
e “speed-bump”
* vegetated edge

Depth (m)

* Phases — manage discharge
* Initial drainage

00 02 04

-0.2

0.4

-0.6
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What questions still exist?

Lots!



Maryland Marshes 2026-2030: \What factors determine
the timing and pattern of vegetation recovery at
landscape marsh and mlcrohabltat scales’?
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Collaborators: Andy Baldwin (UMD), Sophia Seufert (USFWS), Dave Curson
(Audubon), Henrietta Bellman (Audubon), Neil Ganju (USGS)
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O1: Landscape-scale factors

* Tidalrange
* Elevation

* Geomorphic setting (e.g.,
fringing, back-barrier)

 Local relative sea levelrise
rate

* Unvegetated-Vegetated Ratio

* Will include Maryland, along
~25 other project sites in Mid-
Atlantic and Northeast

Project Sites Range of Approximate
with NAIP Geographic Implementation Range of Tidal
State Imagery Region Years Amplitudes
Mainea 1 Coaslal Maina 2019 201-3.00'm
Massachusatls ] Ipswich Bay 20152023 201-3.00 m
Massachusetts 5 Taunton River andfl ™ 017-2022 0.5-1.05m
Buzzards Bay
Massachusatls 1 Cape Cod 2023 0.76-1.25 m
Rhode |sland 3 Black Island Sound 2013-2020 0.5-1.05m
Rhode |sland ] Marraganseit Bay 2010-2018 105131 m
Connaclicut 3 Long Island Sound 2004-2014 0.73-2.05m
Mew York 3 F'ms':m%ﬁ;“' 2018-2020 <0.40 m
MNew Jarsay 1 Delawara Bay 2mM7 1.75-2.00m
Maryland 4 Coastal Bays 2023-2025 0.07-0.20 m
Maryland 1 Chesapeake Bay 2026 0.50-0.90 m
TOTAL 32 11 regions 2004-2026 0.067-3.00 m




Spatio-temporal scale

32+ project areas, Maryland —
Maine, 5-25 years with before/

1. Remote Sensing and High-
Altitude Aerial
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after restoration data

5 project areas in Maryland,
2-5 years with before/ after
restoration data

2. Low-Altitude Aerial Imagery
(Drone Flights)

2 project areas in Maryland,
2-5 years with before/ after
restoration data

3. Water and Turbidity
Monitoring Stations

4. Field Sampling Along
Boundary Transects
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