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What Is a Living Shoreline?

A nature-based way to manage shoreline erosion AND gain ecosystem co-benefits — leveraging the ability of natural
habitats to dampen wave energy, buffer storm surge, capture sediment, recover from storms, and adapt to changing
conditions.

Tidal Wetlands

Beaches & Dunes Oyster Reefs

The central idea: living shorelines are defined by what they DO — not what they're built from.

Code of Virginia § 28.2-104.1 defines them by function.




Virginia's Definition: Four Interconnected Elements

All must be present. No single feature or material qualifies a project on its own.

Maintains Coastal

Enhances Resilience
(when practicable)

Erosion Control & Protects, Restores, or Processes and the

Water Quality Enhances Habitat Natural Continuity of the
Land-Water interface

Enhance coastal resilience
and attenuation of wave
energy and storm surge

Uses natural habitat to : Strategic placement of
: Natural elements dominate
absorb waves and improve plants, stone, sand & other
: over structural ones )
water quality materials




The Central Premise

“Function over materials.”

A pile of rocks can serve as a revetment if placed on an upland slope
OR a sill if placed in shallows to allow a marsh to establish. What
matters is whether the design lets water, sediment, and plants and
animals keep moving the way they naturally would.

Erosion control comes from natural habitat, not concrete or rock alone
¢ Water quality benefits happen through plants, soil, roots, benthic
invertebrates, and microbes

Tidal flow and sediment exchange must continue moving across the

shore



1. Erosion Control & Water Quality

Video by: C. Currin, NOAA

Absorbing the Waves Filtering the Water

Wetland vegetation slows water

o
® Wetland and dune vegetation flow, letting sediment settle out
reduce current speed and dissipate and trapping contaminants before
wave and storm-surge energy they reach the estuary
® Marshes can attenuate up to ®  Plants and soils take up excess
~60% of wave energy in the first nitrogen and phosphorus from
few meters, and ~100% within 100 © ’ . groundwater, tidewater, and
about 80 feet g 80 ’ runoff
5 0.0
= 60
e Oyster reefs placed offshore add S 0 *
another layer of protection with T;; .
marshes behind them = 20
0
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Marsh Width (FT)
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2. Protect, Enhance, or Restore Natural Habitat

Three ways living shoreline techniques support natural shoreline habitat:

PROTECT

O

Stabilize an existing natural
habitat

e.g., bagged
oyster shell
along an eroding
marsh edge

J \

ENHANCE

q4F

Promote existing habitat
expansion or improve quality

e.g., sill or coir logs
placed waterward
of the habitat; add
plantings/remove
invasives

J

\_

RESTORE

1

Directly construct or restore
new habitat

e.g., tidal wetland
plantings, with ¢
stabilization if

needed

Key rule: natural elements should predominate over artificial ones because the
habitat is foundational to a functioning living shoreline.
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3. Maintaining Coastal Processes

A living shoreline works WITH natural forces instead of disrupting
them. Three types of processes must keep functioning:

Unimpeded movement of sediment, water, and
Physical water-borne materials, and aquatic and terrestrial
fauna, along and across the shore

Natural nutrient and carbon cycling, strong benthic—
pelagic coupling, and two-way exchange of water,
dissolved and particulate carbon and nutrients between
living shoreline habitats and adjacent ecosystems

% Chemical

Protect, restore or enhance habitat that supports

Biological | 3tjve plants and animals — from microbes to birds

Armoring disrupts all three. Living shorelines are designed to keep them running.

1. Erosion control & water quality 2. Protects, restores or enhances habitat 3. Maintains coastal processes 4. Enhances Resilience



3a. Physical Processes

1) LIVING SHORELINE: 2) SHORELINE WITH GROINS
MARSH WITH OYSTER REEF SILL (NOT A LIVING SHORELINE)
Works with natural processes — maintains sediment Disrupts natural processes — causes erosion
and water movement downdrift and scouring
Physical: Sediment & Water Movement J Groins
- = Block alongshore water

and sediment movement 2

Water flow: tidal exchange to the habitat is maintained e Salt marsh
Traps sediment,
: redl:ces :«avenlnergy.
provides habitat
° . — Oyster reef sill
Sediment movement: waves, tides, and runoff move B o e |

- stabilizes shoreline,
promotes accretion

sediment along (longshore) and across (cross-shore) the Wi ,
shore — living shorelines work with this flow, not against it e = A i

- between groins i
Sediment builds upon

updrift side of groins =
Wave attenuation: dense vegetation slows water, drops it
. . . . ey . Moves through
sediment out, and builds elevation over time —critical for j“dlamu"'dg(,(
eatures  (F : 1 2 Erosion to
keeping pace with sea-level rise _ B e S o
Stronger currents > Sediment starved
remove sediment = downdrift leads to
5 from in front of groin 3 = . minue erosion
Self-sustaining design: the best designs need no routine iy St et
o Continues naturally
sand or plant replenishment - e

i Interrupted sediment transport - -
Sediment hlocked by groins
causes erosion downdrift
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3b. Chemical Processes

1) LIVING SHORELINE: MARSH WITH OYSTER REEF SILL

Works with natural chemical processes — improves water quality

2) SHORELINE WITH PLANTINGS WITHIN REVETMENT
(NOT A LIVING SHORELINE)
% Chemical: Nature's water Filter Disrupts chemical processes — reduces water quality

CARBON NUTRIENT PHOSPHORUS CONTAMINANT MICROBIAL WATER QUALITY
STORAGE CYCLING FILTRATION FILTRATION COMMUNITIES BENEFITS REDUCED CARBON  NUTRIENTS PHOSPHORUS CONTAMINANTS MICROBIAL
. b Plants and Plants and Sediments bind Marsh and oyster Benthic—pelagic Cleaner water SEQUESTRATION (nitrogen) DISRUPTION
C t L h b sediments microbes take up phosphorus, reef trap sediments coupling drives supports healthy L f h Di ted habitat
a r o n S 0 ra ge ° m a rs e S a Ct a S Ca r O n capture and nitrogen and reducing its and filter key chemical habitat and gr:::l: ’:::es r:dmu:e mic?o:zials
. . . store carbon. promote ilabili i carbon storage diversity and
SI n ks I n p | a nts a n d SOI I denitrification. function. Capacity] L b A . P
* ., LR LI

Nutrients from Phospherus from Contaminants from
land runoff enter land runoff enters land runoff enter

the estuary the estuary the estuary

directly. directly. directly.

Nutrient cycling: nitrogen & phosphorus
are captured or transformed (denitrification

Marsh plants and soils

‘-' Restricted water
'~ exchange

Limited habitat and
nutrient cycling

converts nitrate to harmless gas) 2 s, soportng. = o [ ———

; exchange and . 3 uptake filtration filtration

Revetment blocks flow
and greatly reduces
mixing and flushing.

Water column and

chemical cycling. - : oo
? N, P P e

. i . ' /T B
® Contaminant filtration: traps heavy —— R e

bind phosph and filter

metals and pollutants before they reach the : T i Su
estuary

8 sediments are
disconnected and
@ lack of marsh habitat.

Denitrification in marsh soils
y N,
Opyster reef sill 1‘ 1 1

Land-water connection is essential to o iicplgh coupg)

ities. Nutrients and erganic matter

enable nutrient and carbon cycling e et
sediments (benthic),

belindl e e

1. Erosion control & water quality 2. Protects, restores or enhances habitat 3. Maintains coastal processes 4. Enhances Resilience




3c. Biological Processes

1) LIVING SHORELINE: MARSH WITH OYSTER REEF SILL

BIOLOGICAL PROCESSES MAINTAINED

2) SHORELINE WITH PLANTINGS WITHIN REVETMENT
(NOT A LIVING SHORELINE)

BIOLOGICAL PROCESSES DISRUPTED

Biological: The Ecosystem

Marsh-water Oyster reef sill i Land Sparse plantings

Y . . I I .. il . [ SR connection I . within revetment Meonhor

Foundation species (marsh grass, oysters) B~ il B £l St

] . il AT s - WAVE & STORM
create habitat for everything else : e . ENERGY REDUCED |
|

® Land-water connectivity allows plants

and animals to move, feed, and grow

naturally.
°

Birds, fish, crustaceans, and terrapin use

Marsh invertebrates Microbial nitrogen Ribbed mussels

. . . . ¢ Reduced burrowing * Reduced Deeper nearshore
| vin g S h ore | Ines | | ke n at ura | mars h es aerate soils, cycle removal through filter water & infauna to aerate soils nutrient cycling waters make poor
. . nutrients, support denitrification boost nursery habitat
Wlth N ~3 yea rs plant growth, and denitrification

fuel the food web

[ ) . . Connected land and water o it ok Over time, restored Disconnected land and Over time, these
Ove rtim el t h ese resto red h a b Itats support natural movement, Slg -3 Fompmy habitats become water limit movement Low habitat compexity shorelines remain
feeding, and growth just e beriic-Raleet: fio Poor nutrient cycling

become biologica I Iy rich' self_susta i ning e e coupling and exchange of SR A biologically limited and

Good water quality organisms, nutrients, offer few ecosystem

. Limited wildlife use .
communities like natural shorelines. {ng d organic mater. m@ benefis

biologically rich,
self-sustaining \
communities like '\ A}

natural shorelines. .\ fH MK i

1. Erosion control & water quality 2. Protects, restores or enhances habitat 3. Maintains coastal processes 4. Enhances Resilience




Ways to Design Hybrid Projects to Support Coastal Processes

Plants, stone, sand fill, and other materials can be part of a living shoreline.
What matters is how and where they're placed.

( )

v/ Supports Coastal Processes X Disrupts Coastal Processes

Low profile — allows

X Continuous hard structure,
tidal overtopping

no tidal gaps

, Porous — water flows
through, reducing scour &
provides more habitat

x Interferes with downdrift
sediment transport

 Joe'Rieger &

X Increased turbidity or
scouring near the structure

v Includes tidal openings /
gaps for fish & wildlife

access and tidal flushing
Blocks longshore or cross-

shore water movement/poor
flushing

v Minimized footprint —
limits habitat conversion

L J
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https://doi.org/10.1016/j.heliyon.2023.e19646

4. Enhance coastal resilience

LIVING SHORELINE: ADAPTS TO CHANGE, BUILDS RESILIENCE

Living shorelines use natural processes to build elevation,
adapt to sea level rise, and provide long-term coastal resilience.

UPLAND MARSH HABITAT OYSTER REEF SILL

WAVE & STORM
W ke DL ENERGY REDUCED
RN A
A —_—~——
AL - ‘_\/\/

TODAY NATURAL ADAPTATION
Healthy habitat Builds elevation
and connected through natural
processes. accretion
@ Allows landward
migration
5 IN THE FUTURE =
Sea level rises. Reduces wave energy
4 Habitat build
apitat butlds and storm surge
elevation. ; . : -
® Plants trap sediment @ Organic matter accumulates ) Habitat builds elevation - o Sustains habitat,
water quality, and
X OVER TIME A T fisheries
U Habitat migrates A ke ' ]
landward and 940 0 G U 40 43) B b 4 49 Frandes Iolnlg-term
; coastal resilience
stays connected.

Living shorelines are
able to recover from
storms and adapt to
changing conditions,
enhancing coastal
resilience
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4. Enhance coastal resilience

Living shorelines are able to recover
from storms and adapt to changing

conditions, enhancing coastal resilience C. Croswell, 2003,
Baltimore Co. DEPRM

VIMS boat basin 40+yr old living shoreline
that has outlived 2 replacement bulkheads
on the other side of the canal
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Bulkhead failure and fastland scour
associated with storm surge ebb.
Chesapeake Bay, Baltimore Co




Continuous hard structure with no tidal openings

Vegetation added to a mostly armored shoreline

Structural components dominate over natural
habitat

Interference with downdrift sediment transport —
erosion appears on neighboring shores

Warning Signs

Signals that a project may NOT be functioning as a living shoreline:

Increased turbidity or scouring in the nearshore
area

Reduced sediment capture on the marsh surface,
limiting vertical growth

Blocked or redirected water movement that
fragments habitat or impairs tidal flushing

Fish, crabs, and other wildlife can't move freely in
and out of the site

12



YOUR TURN

Spot the High Performers

1. Pick which is a high performing living shoreline
2. Give a reason why
3. For the unselected shoreline, make suggestions to improve performance

Ask yourself:

e Does natural habitat do the primary work of erosion control?
¢ Do natural elements dominate over structural components?
¢ |stidal exchange maintained across the shore?

¢ Are sediment transport pathways preserved, not blocked?

¢ Can the design adjust to storms and sea-level rise over time?
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