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Dune Growth 

• The wind lifts sand grains and transports them across the beach

• When the wind slows down, sediment drops out

• Stronger winds can move bigger sediments longer distances
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• Dune growth depends on:

– Wind Speed and Direction

– Width of Dry Beach (supply)

– Gradation of Beach Sand

– Size of Sand Grains

– Precipitation

– Presence of natural/artificial 
barriers

Dune Growth 
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• Beaches undergo 
erosion and accretion 
on a seasonal basis

– In the summer and fall, 
small waves transport 
sand up onto the beach

– In the winter and spring, 
large storm waves erode 
sand

– Transition provides 
natural protection for 
the beach.

Slide Courtesy of Jon Miller SIT

Seasonal Changes



Why are Dunes Important?

• First line of protection from 
erosion, coastal flooding and 
storm damage

– Reduce energy of storm waves. 

• Shelter homes and ecosystems 
from wind and sea spray 

• Provide important sand 
reservoir for beaches

• Trap sand, preventing it from 
being blown inland where it 
becomes a problem
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Why are Dunes Important?

• Dunes provide vital habitat for 
many endangered species e.g. 
seabeach amaranth 
(Amaranthus pumilus) and 
piping plover (Charadrius 
melodus) and act as a filter for 
rain and groundwater. 

• Recent study found dunes and 
coastal beaches by far the most 
valuable ecosystem in New 
Jersey on a per-acre basis

Seabeach amaranth

Piping plover  http://mikilo.image.pbase.com



Why are Dunes Important?
• In Superstorm Sandy, communities 

protected by larger, vegetated 
dunes suffered much less damage 
than did those without

– E.g. Bradley Beach: 15 ft. by 25 ft. 
sand dunes 

– Started building in 1996 using 
$10K of sand fence

– Each year residents donate 
Christmas trees

– Much less damage here than in 
nearby towns.  One of the few 
surviving boardwalks!

Dunes being formed at Bradley Beach

Long before Sandy

http://www.landandwater.com/features/vol49no3/vol49no3_1.html
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Why are Dunes Important?
• Midway Beach

– Quarter-mile-long community within South Seaside Park, New 
Jersey

– Mostly tiny, older, one-story bungalows, just south of the area 
where the famous roller coaster was washed into the ocean.

– 25-foot-high dunes that community started building 30 years ago 
using sand fences and beach grass to grow the dune

– Only one home in Midway Beach had water damage from Sandy

http://bbp.ocean.edu/Reports/Beach-Dune%20Assessment%20in%20Northern%20Ocean%20County%20post-sandy.pdf
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Why are Dunes Important?
• By contrast Point Pleasant, Brick, Mantoloking and Bay 

Head had little or no dune.

• Point Pleasant did, however, have a long “berm” (extended 
sandy beach) that protected it

http://bbp.ocean.edu/Reports/Beach-Dune%20Assessment%20in%20Northern%20Ocean%20County%20post-sandy.pdf
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Getting Started with Dune Creation / 
Restoration: Permits and Permissions

• Allowable activities on dunes are regulated under Cafra 7:7E 
(coastal zone management rules)

• In response to Sandy, DEP relaxed rules for landuse to allow 
"permit by rule“ which means if you follow rules in the 
legislation, you are covered even without a permit in hand.

• Before making or planting a dune, it is important to check 
for threatened or endangered (T&E) species in the area. If 
there are, additional restrictions apply. 

• Since planting dune grasses is not regulated, you can 
probably plant a dune whether or not you have a beach and 
dune maintenance permit, BUT you can’t ever bulldoze a 
vegetated dune down once it forms.



Strategies for Improving Protection

• Volume of sand, not height of 
dune, is key to dune protection

• Unconsolidated sand provides 
short term storm protection.

• Army corps calculates needed 
size of all projects based ONLY 
on volume of sand.

Dunes in Brick, New Jersey (credit: APP)Dunes in Brick, New Jersey (credit: CBS 2)



• Defines amount of sand 

required to be considered a 

barrier to 100 year storm.

• “the seaward volume of the 

dune lying above the SWFL 

and on the seaward side of 

the peak of the dune must 

be equal to or exceed 540 

square feet in area”

• Only 8% of developed 

Ocean County meets criteria 

Images courtesy Stockton UniversitySlide Courtesy of Jon Miller SIT

FEMA “540 Rule”



What about the mythological 24’ high dunes?
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Strategies for Improving Protection

• Best not to bulldoze sand from 
beach - as can be seen from 
Point Pleasant’s example, it is 
already protecting shore 
where it is!

• Best choice when possible: 
Pump in sand from offshore
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Strategies for Improving Protection

• Sand fences, dune plants, 
Christmas trees etc can build dunes 
with time

• When wind starts to blow, it 
initially starts sand grains rolling

• As wind gets stronger grains start 
to jump and, if wind is strong 
enough, sand grains get airborne.

• When sand hits something, it stops 
moving and falls to ground where it 
starts to build up in a pile.

http://news.nationalgeographic.com/news/2013/09/130901-coastal-sand-dunes-midway-beach-jersey-sandy/
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• Typical wire-bound, wood-

slat fencing with width 

roughly equal to spacing 

between slats (50% 

porosity) will trap about as 

much sand as other 

materials (Manohar and 

Bruun, 1970) 

• Cost Effective

Strategies for Improving Protection
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Dune Fencing
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Strategies for Improving Protection
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Beach Access paths should ideally go OVER rather than
through the dune

Strategies for Improving Protection



If access paths through dunes are needed, they should not be at 

90o to ocean

Strategies for Improving Protection



• Presence of well established 
vegetation can enhance long term 
sand retention

• Plants not only catch sand like a 
fence, they also keep sand in place. 

• Their roots and underground stems 
spread below the sand surface, 
stabilizing the dune

• And as the sand builds up, the 
plants grow with it, instead of 
being buried like a fence, but the 
roots stay buried, forming layers 
that consolidate the sand.

http://prairieecosystems.pbworks.com/w/page/18138789/Dennis%20Indiana%20Dunes

Strategies for Improving Protection

http://prairieecosystems.pbworks.com/w/page/18138789/Dennis Indiana Dunes


Dune plants
• Different plants thrive in different parts of the dune

• American beach grass can grow further forward than most.  
However, it needs active sand accretion, so it dies rapidly 
when not growing on the foredune

• Also, all commercially available 
beach grass is the same clone 



Assessing plant quality
• Growth of bare root beach grass is 

not dependent on presence of 
roots, but rather on the “node” or 
growing point located at the 
bottom of the plant. 

• When you squeeze bottom of culm, 
it should be hard, not soft. 

• A hard stem indicates sufficient 
energy stored to allow growth 

• Spindly or soft stems should be 
discarded or combined with a good 
stem in a common planting hole.
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When and how to plant
• Best time to plant dune plants is while 

they are dormant (winter and early 
spring)

• If planting later in growing season use 
plugs not bare root plants

• Beach grass should be planted so 2/3 of 
stem is in sand. 

• Planting 2 stems/hole is sufficient

• Plantings should be irregularly spaced 
and offset from one another not in 
straight rows 

• Plants should be about 24 inches apart



The Beachgrass Dilemma 

• Beachgrass is a pioneer, early stabilizing plant 
on frontal dunes, however……….. 

• In stable sand, it will lose vigor and yield to 
other, longer-lived species.

• Growth and vigor suppressed in dredged sand.

Slide Courtesy Chris Miller USDA



Natural Dunes Versus Planted 
Dunes after Replenishment 

• Natural dunes build 
with plants on 
them.  

• When dunes is low, 
plant roots are near 
top of water table

• As dune grows roots 
get longer but still 
reach water table

Water table

Water table



Natural Dunes Versus Planted 
Dunes after Replenishment 

• Dunes created during 
restorations or replenishment 
start with humans creating 
tall pile of sand 

• Plant grass on top

• Roots are short and far from 
water table

• Hard for plants to get 
established in such a water 
stressed habitat 



A sand starved dune……….common situation on artificially 

constructed dunes with larger textured sand particles 

pumped onshore from offshore sand bars 

Slide Courtesy Chris Miller USDA

Other challenges with post 
replenishment dunes



Other Planting Options:
Primary Dune

• Bitter panicgrass (Panicum amarum)

– Establish vegetatively, slow to spread. Seed viability low. 
Longer lived than beachgrass.

• Commercially available bitter panicgrass

– ‘Northpa’ variety. Origin: North Carolina

– Efforts to select northern Mid-Atlantic ecotype

Slide Courtesy Chris Miller USDA



Other Planting Options: Primary 
Dune

Sea Oats (Uniola paniculata)-cold tolerant germplasm being 

tested for MD, DE, southern NJ. 

-production of local ecotypes- NC, FL 

Slide Courtesy Chris Miller USDA



Secondary Dune
• High diversity leads to high resilience

• Secondary dunes can support more species, so in a healthy 
dune there should be a diverse mix of  native species e.g. 

– Saltmeadow cordgrass (Spartina patens)

– Coastal panicgrass (Panicum amarum var. amarulum )

– Coastal little bluestem (Schizachyrium littorale ) 

– Seaside goldenrod (Solidago sempervirens) 

– Trailing wild bean (Strophystyles helvola)

– Beach pea (Lathyrus japonicus)
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Vegetation Diversity
Back Dune 

Slide Courtesy Chris Miller USDA



Saltmeadow cordgrass on dune



Planting Options: Secondary Dune

• Beach pea 

• Trailing wild bean 
(annual)

• Coastal panicgrass

• Seaside goldenrod

Slide Courtesy Chris Miller USDA



Seaside Goldenrod

Slide Courtesy Chris Miller USDA



Amendments
• Small amounts of slow release or 

organic fertilizer in each hole when 
planting 

– Old protocols suggested broadcast 
fertilization of beach grasses, but this leads 
to water pollution, and is no longer 
acceptable

• Adding organic materials such as 
compost or seaweed can improve 
water holding, but these materials 
should also be mixed in with sand to 
prevent water barrier forming between 
them and plants
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Amendments

• Terra-sorb is a water absorbing gel 
that helps maintain water 
absorption to roots during dry 
periods. 

• Mycorrhizae fungi promote plant 
vigor, add disease resistance, and 
can increase survival. 

• The jury is still out on the 
effectiveness of the commercially 
available mycorrhizal innoculant, 
but if budget can sustain an extra 5c 
/ plant, it can’t hurt
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Why is it important not to walk on 
the dune once it is planted?

• Growing on a dune is stressful and 
takes lots of extra energy, which 
doesn’t leave much left over for an 
effective immune response to 
parasites and disease

• American beach grass has 
underground rhizomes.  When you 
walk on the dune you crush these 
stems, which creates a wound through 
which bacteria, fungi and viruses can 
enter

• This kills not just the plant you 
squished, but also all the ones it is 
connected to
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http://www.google.com/url?sa=i&rct=j&q=walking%2Bon%2Bthe%2Bdune&source=images&cd=&cad=rja&docid=iAF09vc4DMQGCM&tbnid=9d1Gc1Iyo71DIM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.visualphotos.com%2Fimage%2F2x4542141%2Ffriends_walking_on_sand_dune_near_beach&ei=OlHGUZTiJ4P40gHp64HoCA&bvm=bv.48293060,d.dmQ&psig=AFQjCNFXZGMUweK4fnuDGwkfKfFdyju1SA&ust=1372037809269521
http://www.google.com/url?sa=i&rct=j&q=walking%2Bon%2Bthe%2Bdune&source=images&cd=&cad=rja&docid=iAF09vc4DMQGCM&tbnid=9d1Gc1Iyo71DIM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.visualphotos.com%2Fimage%2F2x4542141%2Ffriends_walking_on_sand_dune_near_beach&ei=OlHGUZTiJ4P40gHp64HoCA&bvm=bv.48293060,d.dmQ&psig=AFQjCNFXZGMUweK4fnuDGwkfKfFdyju1SA&ust=1372037809269521


What not to plant?



Serrated Leaf Edges Male Releasing Pollen Female Dropping Seeds

Asiatic Sand Sedge



Carex kobomugi Invasion of New Jersey’s 
Coastal Dunes



Normal Dune

• Some diversity

• Quite a lot of open 
space



Dune With Carex:  Note loss of 
native plants



Impact of Loss of Native Plant Species

• Change in native plant 
abundances cascade up food 
web

– E.g. Nectar from goldenrod is 
important source of energy 
for migrating Monarch 
butterflies

– Numerous arthropod taxa 
are less abundant in Carex
dunes, especially ecological 
specialists

Seaside grasshopper
http://www.giffbeaton.com

Monarch on seaside goldenrod
http://www.nrdc.org



Impact of Changed Plant Density

Piping plover
http://www.birdcapemay.org/blog/uploaded_images/DSC_0012-788159.jpgBeach tiger beetle

http://collections2.eeb.uconn.edu

Seabeach amaranth

• Reduced abundance of endangered 
species due to competition and habitat 
loss 



Impact of Changed Plant Morphology

• Carex is shorter than Ammophila, so 
it catches less sand

• Result: Accreting dunes stabilized by 
Carex have lower profile 

• But, when Carex overgrows pre-
existing dune created by native 
species, it stabilizes dune in its 
original shape  

• Lowered dune profile increases 
chance dune overtopped by 
storms, flooding communities 
behind
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Other Invasives to Avoid 

• Salt-spray rose (Rosa rugosa)

• Multiflora rose (Rosa 
multiflora)

• Asian bittersweet (Celastrus 
orbiculata) 

• Autumn olive (Elaeagnus 
umbellata)

• Bush honeysuckles (e.g. 
Lonicera morrowii and 
Lonicera bella)

http://www.cas.vanderbilt.edu/bioimages/image/l/lomo2-flwhite-front51804.htm
http://www.cas.vanderbilt.edu/bioimages/image/l/lomo2-flwhite-front51804.htm


Other Invasives to Avoid Planting
• Japanese Black Pine  (Pinus thunbergii )

• Salt Cedar. Tamarisk spp.

• European beachgrass (Ammophila 
arenaria )

• Vans American beach grass (Ammophila 
breviligulata Great Lajes variety



Internet Resources
• Dune it Right website-

http://njseagrant.org/extension/
coastal-concerns/dune-it-right/

• USDA-NRCS Plant Materials 
Program-Coastal and Shoreline 
Webpage: 
http://www.nrcs.usda.gov/wps/
portal/nrcs/detail/plantmaterials
/technical/publications/?cid=stel
prdb1044304

• Cape May Plant Materials 
Center: http://plant-
materials.nrcs.usda.gov/njpmc/

http://njseagrant.org/extension/coastal-concerns/dune-it-right/
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/plantmaterials/technical/publications/?cid=stelprdb1044304
http://plant-materials.nrcs.usda.gov/njpmc/


Questions?

Louise Wootton, Ph.D.
Dept of Biology
Georgian Court University
Lakewood NJ  08701

732 678 3596
woottonL@georgian.edu


