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What is an estuary? 



North Carolina Coastal Reserve

North Carolina                                                     
National Estuarine Research Reserve 

Presenter Notes
Presentation Notes
The NC coastal reserve and national estuarine research reserve is a federal-state partnership, with the national oceanic atmospheric administration as our federal partner and the North Carolina division of coastal management as our state partner. 



Presenter Notes
Presentation Notes
In North Carolina, the reserve consists of four federally designated sites (in blue) Currituck banks reserve, Rachel carson reserve, masonboro island reserve, and zeke’s island reserve, and six state sites (in green)kitty hawks woods reserve, buckridge reserve, buxton woods reserve, permuda island reserve, bald head woods reserve, and bird island reserve. 



Mission

Research

Stewardship

Education 
& Training

Compatible 
Traditional 

Use

To practice and promote stewardship 
of coasts and estuaries through 
innovative research, education, and 
training using a place-based system of 
protected areas.

Presenter Notes
Presentation Notes
The mission of the reserve is to promote informed management and stewardship of North Carolina’s estuarine and coastal habitats through research, education, and example.

Our reserve sites are living laboratories and outdoor classrooms. We also allow compatible traditional uses at our sites, such as hiking, kayaking, and beachcombing. Today’s event is offered through our training program. 



Social Media

North Carolina Coastal Reserve

Rachel Carson Reserve

Masonboro Island Reserve

@NCReserve

Presenter Notes
Presentation Notes
You can connect with the reserve on social media through facebook (we have pages for the entire reserve and for the Rachel Carson and Masonboro Island sites), and we also have twitter and a new Instagram account!



Today’s Purpose
• Bring awareness to the importance of North Carolina’s estuarine 

habitats and the benefits they provide;
• Make you aware of a habitat-friendly method of shoreline 

stabilization, knows as living shorelines, that are effective and resilient 
to storms;

• Enable you, when working with estuarine shoreline property owners, 
to advocate for the use of living shorelines over bulkheads or other 
hardened structures;

• Bring awareness to the Resilient Docks and Piers Toolkit to protect 
investments into these structures, safeguard local waterways, and 
contribute to a more resilient coast; and 

• Provide you continuing education credits while increasing your 
professional knowledge. 

Presenter Notes
Presentation Notes
For real estate professionals:
If you have not shown me your license pocket card over your web cam, we can do that during a break
You will receive a certificate of completion via email in the next few business days
I will upload your license numbers to the NC Real Estate Commission on Friday. Be on the lookout for your continuing education credits and let me know if you have any issues with them.

If you are not a real estate agent and would like a certificate of completion, let me know in the chat box or via email. 



Agenda
9:15am Living Shorelines: Benefits and Limitations 
  Whitney Jenkins, N.C. Coastal Reserve 
9:45am 10-Minute Break
9:55am Estuarine Shoreline Stabilization Design & Techniques 
  Mariko Polk, North Carolina Sea Grant
10:35am 10-Minute Break
10:45am Permitting Living Shorelines 
  Genny Ivec, N.C. Division of Coastal Management 
11:25am 10-Minute Break
11:35am Best Practices for Working with Marsh Plants and Oyster Shell  
  Georgia Busch, North Carolina Coastal Federation 
12:15pm 10-Minute Break
12:25pm Resilient Docks & Piers Toolkit: Kerri Allen, North Carolina Coastal Federation
1:00pm Adjourn



https://deq.nc.gov/past-workshops



Next steps for continuing education credits

• License numbers will be uploaded to N.C. Real Estate Commission 
• You’ll receive an email with:

• Link to workshop webpage (resources)
• Confirmation that license number was uploaded
• Workshop evaluation

• Certificates of Completion will be email individually



Living Shorelines: 
Benefits & Limitations

Adapted from Dr. Carolyn Currin & Dr. Rachel Gittman

Presenter Notes
Presentation Notes
Thank Carolyn and Rachel. Introduce the concept of living shorelines and how they benefit property owners and the environment.



North Carolina Coastal Habitats

Presenter Notes
Presentation Notes
Saltmarshes, oysters, mud/sand flats, and seagrass beds are all important coastal habitats in NC. And all can be incorporated into living shorelines. 
The area where these habitats are located are also called estuaries. Estuaries are where our rivers meet the ocean, where fresh and saltwater mix. 



What benefits do you think these coastal 
habitats provide?



Coastal Habitat Benefits
Habitat

Shoreline Stabilization

Tourism, Recreation, Aesthetics

Sediment, 
Nutrient, 
& Carbon 

Storage

Presenter Notes
Presentation Notes
Coastal habitats provide us with ecosystem services – they provide us things that we value. 
Estuaries are considered the nursery grounds for the ocean, as ~ 90% of seafood we like to eat will spend part of its life in our estuaries. 
Habitat for commercially and recreationally valuable fish, crustaceans and shellfish
Stabilize sediment and prevent erosion, 
protect water quality by removing excess nutrients like Nitrogen and filtering pollutants 
They can remove carbon dioxide from the air and bury it in sediment.
These systems also bring in billions of dollars in tourism and recreation. 







North Carolina Coastal Habitats

Presenter Notes
Presentation Notes
All of these habitats and services can be found in the back yards of NC residents. 
Challenge is to maintain waterfront properties while protecting valuable shoreline habitats.
This shoreline is a fringing saltmarsh with an oyster reef in front
Many valuable ecosystem services occur right at this marsh edge. And the marsh itself is effective at dampening wave energy
How can we have both protected property and thriving habitats? – through the use of living shorelines





Do you work with properties on estuarine 
shorelines?



If you work with properties on estuarine shorelines, 
do many of these properties had some sort of 

shoreline stabilization?



Shoreline Erosion
Causes:
• Natural wave energy
• Storm events
• Disruption in sediment supply
• Changes in shoreline topography
• Removal of vegetation
• Boat wakesSediment bank

Salt marsh

Forest

Presenter Notes
Presentation Notes
One major threat to waterfront property and to coastal habitats is erosion. 
Ambient wave energy
Fetch – distance over which the wind blows
Storm events
Disruption in sediment supply – damming of rivers 
Changes in shoreline topography – mainly from development
Removal of vegetation
Boat wakes




Shoreline Hardening

Photo credit: VIMS

Photo credit: CC News & Times 

Bulkhead

Groin/Jetty

Riprap RevetmentSeawall

Breakwater

Presenter Notes
Presentation Notes
When coastal properties and infrastructure are located on a coastline that is experiencing erosion, we typically resort to hardening the shoreline. 
Shoreline hardening includes any kind of artificial, permanent or semi-permanent structure placed on the shoreline to prevent erosion. 
Problem with hardening is that our coastal habitats are not able to co-exist with these structures



Shallow Refuge
SAVTidal 

Marsh

Presenter Notes
Presentation Notes
What happens when you harden a shoreline? What do you lose?
~90% of commercially and recreationally important seafood will spend part of their lives in this shallow water area – it’s a refuge or nursery area. Place to hid from predators and to find food.



Shallow Refuge
SAVTidal 

Marsh

Bulkhead

Reflected Waves

Scour

Fig. courtesy T. Jordan

Presenter Notes
Presentation Notes
When we harden the shoreline
We lose the vegetation
Waves are no longer absorbed by the marsh
Waves hit the bulkhead (or other hard structure), bounce back out, scour the shoreline and deepen the sediment.
We lose the shallow water refuge and important nursery area



Shallow Refuge
SAVTidal 

Marsh

• Sediment transport & particle-size change 
• Vegetation loss 
• Animal abundance reduced  
• Ability to remove nitrogen is reduced 

Changes occur BELOW the “mean high water” line:

Bulkhead

Reflected Waves

Scour

Fig. courtesy T. Jordan

…all of which are negative impacts to our public trust resources.

Presenter Notes
Presentation Notes
Bulkheads are put in at or above mean high water, that’s the state’s rule, but these habitat changes are occurring below mean high water, including
Changes in sediment transport
Vegetation loss
Reduction in animal abundance
Ability to remove nitrogen is reduced
This area is our public trust, an area that belongs to all North Carolinians. 



What’s the alternative?

Living shorelines are erosion control 
methods that include a suite of options
• Marsh grasses 
• Sills made of stone, oyster shell, or 

wood
• Maintain connections between upland, 

intertidal, and aquatic areas
• Proven resilient to hurricanes
• Comparable in cost to bulkheads

Presenter Notes
Presentation Notes
Living shorelines are erosion control methods that include a suite of options. 
They include marsh grasses – hence the term "living" – and can also include sills made of stone, oyster shell or wood. Sills are short structures placed just offshore that provide a speed bump for waves, which protects the marsh and shoreline. 
Unlike bulkheads or seawalls, living shorelines maintain connections between upland, intertidal and aquatic areas. These are necessary to protect water quality, ecosystem services and coastal habitats. 
Living shorelines have proven to be resilient to hurricanes
They are comparable in cost to bulkheads – you’ll get more cost details later today



Pivers Island Living Shoreline



Pivers Island Living Shoreline



Pivers Island Living Shoreline
March 2001



Pivers Island Living Shoreline
March 2001



Pivers Island Living Shoreline
Oyster shells applied in 2000 and 2006



Pivers Island Living Shoreline

Presenter Notes
Presentation Notes
Goal when using oyster shells is to create a surface for live oysters to attach too, creating an oyster reef, which is a very productive habitat. Oyster reefs are also able to increase their elevation as the organisms grow, which helps them keep up with current rates of sea level rise



Pivers Island Living Shoreline
June 2003



Pivers Island Living Shoreline
July 2006



Pivers Island Living Shoreline
May 2014



Pivers Island Living Shoreline
September 2024

Presenter Notes
Presentation Notes
One limitation of living shorelines is that it can take time for these habitats to become established. Timing of plantings is also important, you’ll hear more about that later. 



Marshes Dampen Wave Energy



Pivers Island Living Shoreline

After Hurricane Irene – 2011

Shoreline Accreted Sediment



Have you ever worked with 
a property that had a living 
shoreline? 



What about hurricanes?
Hurricane Irene 2011

NOAA 2011



Bulkhead vs. Living Shoreline



Hurricane Irene (2011)Before

Photos: Rachel Gittman

Presenter Notes
Presentation Notes
There are some great examples of living shorelines outperforming walls during storms. A paper published in 2014 documented a case study of two shorelines in North Carolina that received a direct hit from Category 1 Hurricane Irene. The two shorelines in the images were only 500m away from each other and therefore encountered the same conditions during the storm. 




Hurricane Irene (2011)Before

Photos: Rachel Gittman

Presenter Notes
Presentation Notes
As you can see, the living shoreline weathered the storm with minimal impacts, while the bulkhead suffered catastrophic damage. Twenty-two dump truck loads of sand were required to refill site after bulkhead failed after Hurricane Irene





Hurricane Matthew, 2016

Scour landward of the wall 

Presenter Notes
Presentation Notes
That failed bulkhead was replaced with another bulkhead, despite researchers trying to convince the property owner to install a living shoreline. Hurricane Matthew comes through in 2016. It doesn't destroy bulkhead, but significant scour occurs landward of the wall, after storm surge overtopped the structure. Meanwhile, the nearby living shoreline suffered no damage in Hurricane Matthew.





Monitored living shorelines before 
and after Hurricane Florence

8 living shorelines monitored 
along the coast

Image Source: NOAA 



List of Monitored Living Shorelines
1. Morris Landing Rock Sill – 

Wilmington
2. Morris Landing Oyster Sill –  

Wilmington 
3. Springers Point Rock Sill – 

Ocracoke
4. Woodall Rock Sill – Ocracoke
5. Cahoon-Davis Oyster Sill – 

Ocracoke
6. Edenhouse Boat Ramp, 

Chowan River – Edenton 
7. St. James Oyster Sill – 

Wilmington 
8. Southport Rock Sill – 

Wilmington 

6

3

4

5

1

2
8

7



Average scour of 3.5 inches

Average sill width 
increased by 9.8 
inches

Average vertical erosion 
of 1.2 inches

Average marsh edge 
 horizontal erosion 11.8 inches

Average loss of 14%
of marsh vegetation 

coverage

Average sill 
height decreased 

by 1.5 inches

LIVING SHORELINE EROSION POST 
HURRICANE FLORENCE

Diagram By: B. Puckett



Morris Landing Rock Sill –  Wilmington

OCTOBER 
{1 MONTH POST STORM} 

AUGUST 
{1 MONTH PRE STORM} 

Presenter Notes
Presentation Notes
You’ll hear more about Morris Landing from Tracy later today



Woodall Rock Sill – Ocracoke

DECEMBER 
{3 MONTHS POST STORM} 

AUGUST 
{1 MONTH PRE STORM} 



Edenhouse Boat Ramp, Chowan River – Edenton 

OCTOBER 
{1 MONTH POST STORM} 

AUGUST 
{1 MONTH PRE STORM} 



St. James Oyster Sill – Wilmington

NOVEMBER
{2 MONTHS POST STORM} 

AUGUST 
{1 MONTH PRE STORM} 



What about habitat? 

Bulkhead vs. Living Shoreline













Fish Habitat
• Living shorelines provide better habitat for fishes and 

crustaceans than bulkheads
• Sills may function similar to oyster reefs in terms of 

providing habitat for fish
• Marsh planting is important

Presenter Notes
Presentation Notes
Rachel’s research showed that…



Living shorelines maintain 
connectionsUpland

Intertidal 

Aquatic 

Presenter Notes
Presentation Notes
Unlike bulkheads or seawalls, living shorelines maintain connections between upland, intertidal and aquatic areas. These connections are necessary to protect water quality, ecosystem services (or nature’s benefits) and coastal habitats. Living shorelines have proven to be just as effective, if not more effective, than bulkheads for erosion control during hurricanes. You’ll hear more about this and see many examples of living shorelines throughout the training




 Hardened structures (bulkheads/riprap) do not provide the ecosystem 
services that natural shorelines do

 In N.C., intertidal oysters are a viable alternative to stone sills in many 
settings

 Marshes and oyster reefs can increase their elevation, unlike hardened 
structures

 Incorporating natural materials into a ‘living shorelines’ approach can 
result in cost-effective, sustainable, and resilient shoreline protection

Summary



Pivers Island Living Shoreline


	Promoting Living Shorelines for Erosion Control��October 8, 2026
	National Estuarine Research Reserve System
	What is an estuary? 
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Today’s Purpose
	Agenda
	Slide Number 10
	Next steps for continuing education credits
	Living Shorelines: �Benefits & Limitations
	North Carolina Coastal Habitats
	What benefits do you think these coastal habitats provide?��
	Coastal Habitat Benefits
	Slide Number 16
	Slide Number 17
	North Carolina Coastal Habitats
	Do you work with properties on estuarine shorelines?��
	If you work with properties on estuarine shorelines, �do many of these properties had some sort of shoreline stabilization?
	Shoreline Erosion
	Shoreline Hardening
	Slide Number 23
	Slide Number 24
	Slide Number 25
	What’s the alternative?
	Pivers Island Living Shoreline�
	Pivers Island Living Shoreline
	Pivers Island Living Shoreline�March 2001
	Pivers Island Living Shoreline�March 2001
	Pivers Island Living Shoreline�Oyster shells applied in 2000 and 2006
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Marshes Dampen Wave Energy
	Slide Number 38
	Have you ever worked with a property that had a living shoreline? ����
	What about hurricanes?�Hurricane Irene 2011
	Bulkhead vs. Living Shoreline
	Slide Number 42
	Slide Number 43
	Hurricane Matthew, 2016
	Monitored living shorelines before and after Hurricane Florence
	List of Monitored Living Shorelines
	Slide Number 47
	 Morris Landing Rock Sill –  Wilmington
	 Woodall Rock Sill – Ocracoke
	Edenhouse Boat Ramp, Chowan River – Edenton 
	St. James Oyster Sill – Wilmington
	What about habitat? 
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Fish Habitat
	Slide Number 59
	Slide Number 60
	Slide Number 61

