
SAND DUNES:  PROCESSES, ECOLOGY 

AND MANAGEMENT 
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SAND MOVEMENT 
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WHY DO DUNES MOVE? 
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HOW DO THEY FORM? 

 They form when dry material 
from flat, open beaches is 
blown inland. 

 Supply is generally from 
Quaternary glaciations 
therefore finite (in the UK)  

 Dunes migrate and the 
succession of plants colonise 
and adapt to this 
environment forming a dune 
or psammosere ecosystem. 

  A sere is an area of 
vegetation and a 
psammosere is an area of 
vegetation that sand forms. 



SO WHAT IS A SAND DUNE? 

 A sand dune is a dynamic landform whose 

equilibrium depends upon the interrelationship 

between mineral content (sand) and 

vegetation. 

 

 Longshore drift may deposit sand in the 

intertidal zones.  
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 A plentiful supply of sand 

 Aeolian processes 

 Strong winds to transport sand 
particles through saltation 
 Sand slows, deposits, creates small 

hills 

 Obstacles reduce wind speed and 
traps the sand e.g. a plant            
  Plants are therefore central to the 

formation, growth and character of 
sand dunes 

 Vegetation reduces wind speed 
and increases deposition 
therefore used for erosion 
management 

WHAT IS NEEDED TO CREATE SAND DUNES? 

 



Transect 

pH 8 

principally 

sand and 

pockets of 

marram 

grass 

Marram, 

sea 

rocket 

80% plant cover 

(predominantly 

marram) 

Sheltered, dune 

heath, 

buckthorn, red 

fescue, gorse 

Near 

water 

table 

therefore 

willow, 

moss, 

reeds 

Woodland: 

birch, alder, 

oak. 



AERIAL VIEW 

 

youngest 

dunes 
oldest 

dunes  



EMBRYO DUNES 

 Spring high tide:  strand line, fixation, plants 

start to grow. 

 Wet sand therefore builds up with deposits of 

windblown sand 

 High anemometer reading = dune migrates 

inland 

 They are the first to develop.  

 They become stabilised salt tolerent species: 

sea twitch grass, sea rocket and marram 

grass (Early colonisers).  

 Waxy leaves and leaves rolled (reduced 

transpiration) 

 If sand accumulates by>30 cm marram 

dominates 

 Marram can deal with 1m annual 

accumulations and can spread by 3m 

annually 



EMBRYO CONT’D 
These embryo dunes may disappear as quickly as they form but some may 
eventually be colonised by plants which stabilise the sand. Conditions here 
are very extreme:.  

>highly alkaline pH values (over 8) from the calcium carbonate of the 
shell fragments;  

> rapid drainage (because sand does not hold water well) and the 
desiccating effect of on-shore winds  ;  

> no humus for nutrients;  

> high wind speed and lots of salt spray.  

CONSEQUENTLY DUNES MAY NOT GROW HIGHER THAN 1M 

> high salinity from frequent immersion in sea water;  



FOREDUNES 

 As more sand accumulates, 

embryo dunes join to form fore 

dunes. They can be up to 5m in 

height.  

 A lack of humus gives them the 

name yellow dunes. They 

become more grey as bacteria 

and plants are added. 

 Plants include lyme grass, 

marram (rhizomes) and sea holly 

 Need to be drought resistant, 

withstand burial, less salinity 

and reduced shell (Calcium 

carbonate) means > acidity 

Lyme grass  

Marram grass  



 



YELLOW DUNES 

 Larger and more 
biodiversity 

 Humus layers develops 

 Decay plants and small 
fauna droppings 

 Humus ‘captures’ water 
and nutrients 

 pH about 7.5 (leaching of 
carbonates) 

 Less salinity 

 Marram, creeping fescue 
and sand sedge, lichen 
and sea holly 
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GREY DUNES 

 They grey dunes can become 10-30m in height before 
supply of fresh sand is cut off by increasing distance from 
the beach. 

 Sheltered 

 There may be parallel ridges of old dunes separated by 
low-lying, damp slacks. Heath plants dominate the area 
due to acidity, humus and moisture content all increasing. 

 Paths cut by humans and animals expose area of sand 

 Vegetation 100% 

 More competition = > diversity 

 Buckthorn, gorse, brambles then > humus and acidity 
leads to heathers. 
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SLACKS 

 Between grey 
/ mature 
dunes 

 WT surface = 
seasonal 
(permanent) 
water 

 Sedges, 
rushes, 
willow. 

 Bird species 
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MATURE DUNES 

 High humus/water  

 Climax community 

 Oak 
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The transect above has hidden ‘hotspots’.  Move your mouse over the diagram 

and these will be revealed. Progress across the transect using these hot spots. 

You can return to this diagram at any time by using the return button 

 

 
You can advance quickly from one slide to the next by using this button 

You can go from this slide to the revision materials by using this button 

A transect across a sand dune system 



Embryo and Fore Dunes: the environment 

on-shore winds 

high water 

mark 

seaweed 

deposits  

humus 

pH 7 

%OM 0.1 

sand builds up 

against pioneer 

plants 

sand alkaline 

transient dunes 

poor water 

retention 

Click on photo to reveal annotations 



Embryo and Fore Dunes: the plants 

The plants which grow here have 

adaptations which allow them to 

grow in a difficult environment : 

  

 

 

 

Sea rocket 

• high salt tolerance 

• deep tap roots to obtain 

available moisture 
Frosted orache 

Saltwort 

Sea couch 

• prostrate (low) habit to 

avoid strong winds 
Sandwort 

• waxy leaves to retain moisture 

and withstand winds 



Yellow Dunes: the environment 

pH 6.5 

%OM 0.23 

above the 
level of high 

tides  

reduced 
wind speeds 

Surface continually 
blown away and 
replenished with 

fresh sand 

‘Soil’ slightly 
less alkaline and 

more water 
retentive 

Some 
humus 
forming 

Click on photo to reveal annotations 



Yellow Dunes: the plants 

 Salt tolerant 

 Thrives on being buried by sand 

 Inrolled leaves to reduce moisture 
loss 

 Long tap roots 

 Underground rhizomes stabilise the 
sand 

 

Other plants such as Ragwort, Red 

fescue and Sand sedge begin to appear 

The dominant plant species is 

Marram grass: 



Grey Dunes: the environment 

pH 5 - 6 

%OM 1.0 

sheltered by higher, 
seaward dunes 

lower pH 

higher humus 
content 

little mobile 
sand 

sand no longer 
accumulating 

a more closed vegetation 
community in which 

marram grass is no longer  
able to compete 

Click on photo to reveal annotations 



Grey Dunes: the plants 

 

 

 

 

 

Older grey dunes may have extensive 

covering of 

• marram becomes more 

sparse 

• mainly perennials 

• higher species diversity 

lichens and heather 

• surface lichens give ‘grey’ 

appearance 



Dune Slacks: the environment 

pH 4 - 5 

%OM 8.5 

relief 
intersects the 

water table 

water table high – 
especially in winter 

soil acidic 

occur in low lying hollows 
between dune ridges 

Click on photo to reveal annotations 



Dune Slacks: the plants 

The community which develops here comprises moisture-loving 

plants commonly found in many fresh water wetland areas e.g. 

Phragmites reeds 

Flag iris rushes 

Bog cotton 



Dune Heath/Woodland: the environment 

pH 4  

% OM 12.1 

well sheltered 
from winds 

acidic soil 

nutrient rich 

maritime influence 
is minimal 

soil has high organic 
matter content 

Click on photo to reveal annotations 



Dune Heath / Woodland: the plants 

Human interference means that true mixed 

woodland climax vegetation is rarely seen on 

dune systems in the UK   

Most dune systems develop into a 

community of heathland, woody perennials 

(often spinous) and scattered trees 

Heather 

Sea buckthorn 

Revision 

materials 

Heather 



Psammosere: summary of stages 



1 3 2 

4 5 6 

7 8 9 

“A Question of Psammoseres” 

Use ‘end show’ 

command to exit 

presentation 



1 

What type of dunes are forming in the foreground of this 

photograph? 



2 

This photo shows ground cover somewhere within a dune 

system.  What stage of the psammosere is it associated with? 

  Can you name any of the plants growing in the photo? 



3 

What is the dominant species in this photograph?  At which stage 

of the psammosere would you expect to find it?  

      How is this plant adapted to its environment?  



4 

This photo shows ground cover somewhere within a dune 

system.  What stage of the psammosere is it associated 

with?  

What is the dominant species? Why is the other plant also 

able to grow here?  



5 

In which stage of the dune succession would plants like these be 

found?   

How are they adapted to the environment there?  

Can you name either of the species shown? 



6 

What name is given to areas of open water such as this 

which are found within dune systems?  

Name some of the plants which you might expect to find 

growing there 



7 

This photo shows ground cover somewhere within a 

dune system   

What stage of the psammosere is it associated with? 

 Can you name any of the plants growing in the photo? 



8 

The climax vegetation of a dune succession would look 

similar to this photo 

  What is meant by the term ‘climax vegetation’? 

Why is a community of plants like this one rarely found 

in dune systems in the UK? 



9 

The photo shows a dense community of foreshore plants 

 Name some of the plants you would expect to find here and 

explain how they are able to survive in this environment 



PRESSURES 

http://www.youtube.com/watch?v=fwbS7kI

7xAU 
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DUNE MANAGEMENT 

Restoration and preservation of coastal dunes is urgently 

needed because of the increasingly rapid loss and degradation 

of these ecosystems because of many human activities. These 

activities alter natural processes and coastal dynamics, 

eliminate topographic variability, fragment, degrade or eliminate 

habitats, reduce diversity and threaten endemic species. The 

actions of coastal dune restoration that are already taking place 

span contrasting activities that range from revegetating and 

stabilizing the mobile substrate, to removing plant cover and 

increasing substrate mobility.  (Lithgow,  et. al., 2013: 214) 

This article reviewed over 150 dune management articles. 



Simplified mechanisms of ecosystem change during restoration actions and during natural 

succession, showing the three attributes (integrity, health and resilience) set by the Society 

of Ecological Restoration (SER) to assess progress of ecological restoration. Notice how, 

unlike ecological restoration, ecological succession can “go back” to early successional 

stages, after the impact of natural disturbances (Lithgow,  et. al., 2013: 216). 

 



MANAGEMENT 
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HOUSE DESIGN (MAINE US) 

 

Pile foundations are typically used in more 

active flooding areas along open ocean 

coastlines, and provide much more open 

space for floodwaters to travel through. 

Piles are required in the frontal dune and in 

areas of the back dune classified as 

Erosion Hazard Areas 

Flow-through foundations are typically 

block or poured cement foundations with 

adequate spacing (or hydraulic openings) 

for floodwaters to flow through the 

foundation without damaging the supports. 

These structures are acceptable in the A-

zone areas of back dune environments that 

are not considered to be Erosion Hazard 

Areas 



MANAGEMENT 

 
Nourishment 



STABILISE VS DESTABILISE? 

Plantlife video clip on Kenfig  

Kenfig (Professor Pye) 

Kenfig 2013 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=SEVgRAfnMqccQM&tbnid=dOLLH5lTGoo9JM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.snh.org.uk%2Fpublications%2Fon-line%2Fheritagemanagement%2Ferosion%2Fappendix_1.2.shtml&ei=vmVWUvG4F8mMtAbAwYGYCg&bvm=bv.53899372,d.Yms&psig=AFQjCNGtfqhBU8C20iQTwkgp17Xuv1vSJQ&ust=1381480216844051
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=QjyPcHVeczDKIM&tbnid=LVRQEiJPNIRqjM:&ved=0CAUQjRw&url=http%3A%2F%2Fsomersetcoast.wordpress.com%2F2011%2F08%2F02%2Fberrow-sand-dunes%2F&ei=tmxWUoKmIcXJswaysICgAQ&bvm=bv.53899372,d.Yms&psig=AFQjCNHJNtH31sFY86VxvQlx5mnFarOpWA&ust=1381482020036957
http://www.plantlife.org.uk/wild_plants/work/dunes/dunes-work/
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=J7bsK-5jApkmZM&tbnid=F21DDtSje276rM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.dnrec.delaware.gov%2Fswc%2Fshoreline%2Fpages%2Fduneprotection.aspx&ei=y3RWUt6GFMaNtAbvu4Eo&bvm=bv.53899372,d.Yms&psig=AFQjCNFZ_gDaZFH7aTZpHwEOcQN8KH9YZQ&ust=1381484096552900
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=T44l57tD_QYtLM&tbnid=zKaGoaDGHfH2MM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.thisisguernsey.com%2Fnews%2F2012%2F02%2F17%2Fchristmas-trees-get-new-lease-of-life-within-coastal-defences%2F&ei=33RWUrvZB4bFtAaJtoDACg&bvm=bv.53899372,d.Yms&psig=AFQjCNFZ_gDaZFH7aTZpHwEOcQN8KH9YZQ&ust=1381484096552900
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=yp1PLnv_E1PsHM&tbnid=InS_SLjokWC1tM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.plantlife.org.uk%2Fwild_plants%2Fwork%2Fdunes%2F&ei=aXNWUu7fLoeFtAbmyIAQ&bvm=bv.53899372,d.Yms&psig=AFQjCNE6VG6JoEAPgpdtpd0nzxqLRhX6rw&ust=1381483746619146


Fen Orchid, Kenfig Lacerta agilis - Sand Lizard 

CONSERVATION 

Machair 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=f3P_vL62idC2qM&tbnid=WwTEihBEuZw3VM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.snh.org.uk%2Fpublications%2Fon-line%2Fheritagemanagement%2Ferosion%2F2.3.shtml&ei=ZmVWUpywA4fMsgaR7IGoDA&bvm=bv.53899372,d.Yms&psig=AFQjCNEUM0hAhhbYvwEdbadMwv-MPG3SNA&ust=1381480146039777
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=-BAi083tdxBhPM&tbnid=wFxXHWBXLLbaoM:&ved=0CAUQjRw&url=http%3A%2F%2Flakehuron.ca%2Findex.php%3Fpage%3Dlearning-about-beach-and-dune-ecosystems&ei=o3BWUt6-N8GKtQbp0YDIAg&bvm=bv.53899372,d.Yms&psig=AFQjCNHJNtH31sFY86VxvQlx5mnFarOpWA&ust=1381482020036957
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=bFLDHXK4w-4fGM&tbnid=or9VuqY14kCycM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.abebooks.co.uk%2FCoastal-Dune-Management-Shared-Experience-European%2F446576894%2Fbd&ei=4GxWUrBk0NCyBo-LgSA&bvm=bv.53899372,d.Yms&psig=AFQjCNHJNtH31sFY86VxvQlx5mnFarOpWA&ust=1381482020036957


http://www.youtube.com/watch?v=lqFQqa2WFRo http://www.youtube.com/watch?v=vRAUBxY8w_c 

Revision 

A power point video on sand dunes 

  

http://www.powershow.com/view/11b433-

OTlkN/COASTAL_SAND_DUNES_PSAMMOSERES_powerpoint_ppt_presentation 
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