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Abstract 

Coastal sand dunes show a great deal of variety in form; this is related to their sedimentation, 

climatic setting (past and present), and ecological factors. It is often assumed that a standard 

model of dune evolution and vegetation succession can be applied to all coastal dune systems. 

At present there is little recognition of the effects of inter-site variations in coastal dune 

geomorphology and evolution on dune biodiversity and succession. Two prograding 

foredunes were studied to assess their biodiversity and to identify any variations in dune 

vegetation succession evolving under similar climatic conditions. Historical changes in the 

morphology of the dunes were analysed in a GIS. Assessments were made of the influence of 

dune morphology and environmental variables on the biodiversity. It was found that there are 

distinct differences in the present day morphologies of the two dune systems, which can be 

attributed to their inherent structural controls, location on the coast and historical evolution. 

The dune evolution and resulting geomorphology was found to be a major controlling factor 

in the production of coastal dune habitats and therefore also on species compositions and 

individuals. It was shown that the standard model of dune evolution and succession couldn’t 

be applied to these dunes. It is suggested that conservation management strategies need to 

recognise that species succession and morphological evolution are part of the natural 

dynamics of these environments, and that protected areas and conservation strategies need to 

be flexible enough to accommodate these changes and variations.   
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1. Introduction  

1.1 Sand dune formation and dynamics 

Coastal sand dunes show a great deal of variety in form; this is related to their sedimentation, 

climatic setting, both past and present, and ecological factors. The fundamental prerequisite 

for the formation of sand dunes is an abundant sediment supply and the wind to transport it 

(Łabuz, 2005). Grain size is the most fundamental property of sediment particles, affecting 

their entrainment, transport and deposition (Blott and Pye, 2001). The sediment delivered to 

the back beach is composed predominately of fine to medium grained, well-sorted sand; this 

is due to the aerodynamics of grains of this particular size, i.e. entrainment of sand size grains 

requires a lower shear stress (Boggs, 1987). Shell fragments are often preferentially moved by 

wind, as they are less dense than the quartz sand grains; where it is abundant this can lead to 

an accumulation of shell material.  

 

Wind-blown beach sand can accumulate at various locations, ranging from the immediate 

backshore to back-barrier flats, to form embryo dunes. Sand accumulation may occur within 

and around discrete or relatively discrete clumps of vegetation, individual plants, driftwood, 

flotsam, etc (Hesp, 2002). Once the initiation of aeolian sediment accumulation begins it 

continues unless conditions change, such as loss of sediment supply, removal of the 

stabilising factor, or wave induced erosion. These small incipient dunes are typically 1 to 2 

metres in diameter and between 0.5 and 1m in height (Davis and Fitzgerald, 2004). They are 

quite vulnerable and may be destroyed by moderate storm events; seasonal formation and 

destruction may also occur where they form around annual plants, invasion by perennial 

plants is required in order to attain more permanent survival. Morphological development of 

embryo dunes depends on wind velocity, rates of sand transport and plant density, 

distribution, height and cover. Tall, dense species such as Ammophila arenaria tend to 

produce higher hummocky dunes whereas lower, spreading plants such as Spinifex or 

Ipomoea tend to produce lower less hummocky dunes (Hesp, 2002). 

 

Foredunes develop from embryo dunes and are commonly distinguished by the growth of 

intermediate, often woody plant species, and by their greater morphological complexity, 

height, width, age and geographical position. Typically they attain heights up to 5m (Waugh, 

1995). Hesp (2002) lists the factors determining the morphological evolution of foredunes to 

include: sand supply; the degree of vegetation cover; plant species present, which is a 

function of climate and biogeographical region; the rate of aeolian sand accretion and erosion; 
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the frequency and magnitude of wave and wind forces; the occurrence and magnitude of 

storm erosion, dune scarping and overwash processes; the medium to long-term beach or 

barrier state i.e. stable, accreting or eroding; sea/lake/estuary water level; and extent of human 

impact. 

 

Foredunes develop into fixed dunes as more dunes are created on the seaward side of the 

ridge and the dune becomes more sheltered. Wind velocities drop and therefore sand accretion 

stops and the dune ceases to grow. Organic matter deposited from the plants binds the soil 

particles, reduces sand movement and retains water and nutrient ions (King, 1989). Within the 

fixed dunes dune slacks may occur in interdune hollow where flooding occurs during the 

rainy season i.e. in winter and spring in Europe (Grootjans et al, 2004). 

 

Attack by waves is a major factor in the de-stabilisation of vegetated dunes. Although dunes 

are out of the influence of regular waves, they are vulnerable to only modest storm surges. In 

these conditions embryo dunes can be destroyed and sand easily removed from the seaward 

edge of the main dune ridge. Dunes may also be eroded internally by the formation of 

blowouts. Blowouts are large depressions that develop as sand is eroded from the windward 

slope and crest of a coastal dune ridge and deposited as a depositional lobe on the leeward 

slope (Dech et al, 2005 and Hesp 2002).  

 

In the absence of vegetation, dune systems can exhibit significant mobility, where all or part 

of the dune can migrate (Short and Hesp 1982). The most common process for dune migration 

is blowover where onshore winds carry sand across the dune surface and down the lee slope 

by gravity, therefore facilitating a landward movement of the dune system (Davis and 

Fitzgerald, 2004). The sediment budget of the littoral cell is a major controlling factor 

determining the presence of dunes and their morphology (Figure 1.1). Formation and 

progradation of coastal dunes will generally occur within systems with very positive sediment 

budgets (i.e. sediment input exceeds output). Where there is a change to a balanced sediment 

budget, i.e. sediment input equals sediment output, the sediment supply will be reduced; there 

may be areas of progradation and others of erosion, but there will be no change in the overall 

area of dune. Change to a negative budget will further reduce the amount of available 

sediment leading to a dissected dune system, characterised by erosional landforms e.g. 

blowouts, deflation hollows and plains, reactivation dunes and scarping (Carter, 1991). 
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Figure 1.1 Irish dune morphology as a function of sediment supply (Carter, 1990) 

   

1.2 Sand dune vegetation and succession 

The role of vegetation within coastal dune systems is important; the degree of vegetation 

stabilisation is a primary factor in determining the mobility of the system. Coastal dune 

vegetation falls into two broad categories sand fixing (e.g. Atriplex spp.) and sand building 

(e.g. Ammophila arenaria and Leymus arenarius) (Carter, 1991). Ecological succession is 

said to take place when the vegetation in a particular place changes with time and one 

unstable community progressively gives way to another until a stable climax community 

becomes established (Slingsby and Cook, 1986). A typical natural zonation of plant species 

communities is often used to describe the successional stages of dune vegetation development 

for example the National Vegetation Classifications (NVC) (Rodwell, 2000) (Figure 1.2 and 

Appendix 1).  

 

Initially interspecies competition is not dominant on many dunes, but salt spray, mechanical 

stress (from moving sand), nutrient availability and water supply are key factors determining 

the species present and species diversity (Grunewald and Schubert, 2007; Greaver and 

Sternberg, 2006; Moreno-Casasola, 1986; Wilson and Sykes, 1999). Salt spray and a high 

permeability are major factors affecting the strandline and embryo dunes, and so colonising 

plants species need to have xerophytic and halophytic characteristics (Dowdeswell, 1984); 

typical European species are shown in Figure 1.1. The rough surface created by the plants 

decreases the wind speed causing mobilized sand to settle and build up embryo dunes and 

start primary succession (Grunewald and Schubert, 2007). As sand accumulates, the embryo 

dunes are colonised by various species of grass, e.g. A. arenaria, Carex arenaria and 
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Elytrigia juncea in Europe; globally these species may vary, for example Desmoschoenus 

spiralis is the native colonising grass in New Zealand (Sykes and Bastow, 1991). The roots 

and rhizomes of these grasses have a stabilising effect on the sand (King, 1989). The grasses 

present in this area of the dune possess numerous adaptations to withstand burial. Maun 

(1998) states that growth of these plant species is stimulated by, improved soil resources, 

increase in soil volume, reactive plant growth, and enhanced mycorrhizal activity. As more 

sand is trapped the dunes grow and join to form foredunes. 

 
Figure 1.2 Standard model of European plant species succession across a coastal sand dune transect (after 
Waugh (1995), species information from JNCC (2004)). 
 

Decaying organic matter from the colonising species initiates soils succession as humus starts 

to accumulate. The stabilising of foredunes is associated with the arrival of mosses and a wide 

range of perennial and annual plant species; A. arenaria becomes progressively less 

successful as succession proceeds and competition becomes more intense (Dowdeswell, 

1984). As sand accumulation stops and fixed dunes become established, shell material is no 

longer delivered to the dune and CaCO3 begins to leach out, and therefore pH decreases 

(Grunewald and Schubert, 2007). Nitrogen mineralisation increases as more soil organic 

matter collects (Berendse et al, 1998); soil moisture also increases. The change in the 

physiochemical conditions produces an environment favourable to more plant species and 

therefore more species can become established. Typical species of the fixed dunes include 

grasses such as Festuca rubra, Festuca ovina and herbs such as Galium verum, Rhinanthus 
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minor, Galium saxatile As species numbers increase inter-species competition becomes the 

dominant factor controlling species presence or absence (Grunewald and Schubert, 2007).  

 

The vegetation of dune slacks and blowouts deviates from the successional trends described 

above. Dune slacks have their own associated successional trends. In this environment 

pioneer species need to be adapted to the high flooding frequencies, the subsequent 

accumulation of biomass allows other species to become established (Berendse et al, 1998). 

Avis and Lubke (1996) state that dune slacks tend to have greater species diversity than the 

foredunes due to higher soil moisture levels. Flooding frequencies during the wet period are 

the main controlling factor in plant species composition; however, it is possible for dune 

slacks to support both terrestrial and aquatic plant species (Grootjans et al, 2004). The 

formation of blowouts creates area of bare substrate within the vegetated dune; initiation of 

primary succession by pioneer species adapted to the low water holding capacity and nutrient 

content of the soil, is required to re-vegetate and stabilise the surface. Dech et al (2005) have 

found that blowout retrogression and vegetation colonisation are naturally occurring processes 

affecting large areas of dune landscapes. 

 

1.3 Impact of climate change on coastal dunes 

Carter (1991) states that the interaction of dunes with the adjacent beach and nearshore 

provides the essential basis of a stable shoreline, through the regular exchange of nutrients 

and minerals. However the exact nature of the response of dunes to climate change and 

projected sea level rise is unclear. Under climate change scenarios for west Europe increased 

dune erosion is predicted with rising relative sea level and increasing frequency of surges and 

storm events. Possible physical responses of foredunes to sea level rise are described by Hesp 

(2002); these include erosion of the foredune and formation of blowouts, a change in the 

morphology of the dunes, gradual landward retreat of the foredunes or a continuation of 

progradation to form foredune plains. It is likely that within a dune system many of these 

physical responses may co-occur with a three-dimensional redistribution of material; sediment 

starvation in one area will be countered by accumulation in another (Carter, 1991). 

 

The reaction of sand dune vegetation to climate change is also unclear. In a European context 

average temperatures are predicted to increase, with a greater increase over the winter months, 

annual precipitation is predicted to increase in northern Europe and decrease in the 

Mediterranean region, and the frequency of storm events is predicted to increase (IPCC, 
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2007). It is suggested that CO2 enhancement is likely to increase photosynthesis rates 

resulting in increased plant growth (Blackmore and Reddish, 1996). Combined with 

prediction of increased precipitation it is expected that dune grasses will grow more rapidly, 

possibly increasing the rate of sediment accumulation and dune growth (Carter, 1991). 

However, on a more global scale, Greaver and Sternberg (2006) suggest that the predicted 

increase in frequency of El-Niño Southern Oscillation (ENSO) events will cause severe 

droughts in Southern Mexico, along the north-east coast of South America and south-east 

coast of Africa. In these regions dune ecosystems accumulate ocean water in the absence of 

rain during dry periods, therefore elevating salinity levels which contributes an additional 

stress on dune species. Greaver and Sternberg (2006) also suggest that sea level rise will 

result in an elevation of soil salinities. They suggest that depending on the pace of the rise, 

salt tolerant species of the embryo and foredunes could respond by establishing further inland.  

 

1.4 Management of coastal dune systems 

The need for adaptive management of dynamic coastal systems has become more widely 

recognised; for example French (2004) states that “coastal management needs to adapt and 

develop, yet along with this, increased education and awareness is also necessary to allow 

users to understand and appreciate what is being recommended in management plans”. Van 

der Meulen and Udo de Haes (1996) recognise the importance of coastal habitats to the 

functioning of coastal systems; they state that conservation of coastal habitats should receive 

greater recognition in planning and legation. The Coastal Habitat Management Plans 

(CHAMPs) (English Nature, 2002) and reports such as Designing Coastlines Fit for the 

Future (Milligan et al, 2006) have been created to inform planning and policy decisions. 

CHAMPs use available information to predict geomorphological change and likely shoreline 

changes over the next 30-100 years taking into account predicted sea level rise.  

 

In areas of coastal dunes, it is often assumed that a standard model of dune vegetation 

succession can be applied to all coastal dune systems. For example Common Standards 

Monitoring (JNCC, 2004) uses “Common Generic Standards Tables” to give guidance on 

setting monitoring targets for sand dune habitats on designated sites. The Generic Standards 

are based upon the standard model of dune development and succession; consequently the 

definition of the conservation status is also based upon the standard model.  
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Often assumptions of similarity are also applied when comparing dune systems. For example, 

plant functional types have been identified on the basis of structural and functional 

characteristics of plant species. In the coastal dune environment it is suggested that plant 

communities survive in harsh environments with marked habitat constraints, causing the 

selection of functional groups and types that may be identified and linked to the ecological 

processes (García-Novo et al, 2004). (García-Mora et al (1999) believe plant functional types 

permit ecological comparisons among foredune vegetation types at a larger scale than is 

possible through taxonomic approaches, which may offer a valuable tool in assessing 

foredune status. Williams et al (2001) use plant functional types as one variable in assessing 

dune vulnerability. However, there is no recognition that the functional types present could be 

a result of the natural evolutionary history of the dune and therefore variation cannot 

necessarily be used as an indicator of dune condition. 

 

At present there is little recognition of the effects of inter-site variations in coastal dune 

geomorphology and evolution on dune biodiversity and succession. Avis and Lubke (1996) 

state that an understanding of successional processes has important management implications; 

since the dune landscape is extremely complex and varied in both space and time, a dynamic 

approach towards management is required. Such an approach requires a clear understanding 

of ecological processes and relationships and the evolution of the dune environment.  

 

1.5 Aims of this study 

The aim of this study is to demonstrate the need for understanding of factors affecting 

successional processes in the conservation management of coastal dunes. In order to assess 

these factors the objectives of the study are: 1) to compare the biodiversity of two prograding 

foredunes in order to identify any variations in dune vegetation succession evolving under 

similar climatic conditions; 2) to analyse within a GIS the historical changes in the 

morphology of the dunes; 3) to assess the influence of dune morphology and environmental 

variables on the biodiversity.  
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2. Study Area 

2.1 Regional Setting 

The bedrock-framed Atlantic west coast of Ireland is highly indented, controlled by NE-SW 

trending faults, with considerable variation in shoreline orientation. It supports numerous dune 

fields derived largely from glacigenic deposits in the area of the present continental shelf 

(Burningham and Cooper, 2004 and Carter and Wilson, 1993). The present-day dunes began 

to form about 5000 to 6000 years BP at, or just after, the mid-Holocene sea-level peak, which 

reached a maximum of +3m OD on parts of the County Antrim coast (Carter et al, 1989). As 

sea-level fell sediment was transferred onshore accumulating as beach ridges and dunes. Since 

about 4000 years BP the primary sediment budget has become strongly negative, allowing 

morphological reworking of many dune systems (Carter and Wilson, 1993).  

 

The west Donegal coastline lies within the mixed “wave-tide dominated” part of the coastal 

energy spectrum. Mean tidal range is 3.5m at springs and 1.6m at neaps (Burningham, in 

press). The Donegal coastal physiography is dominated by regional geological structure and 

glacial modification, which dictates the size and orientation of embayments (Burningham, 

2005). 

 

2.2 Climate 

The climate of the study area is maritime; it is dominated by the frequent passage of frontal 

depressions to the northwest of Ireland combined with the warm southwesterly Gulf Stream 

(Gaynor, 2006). There is a relatively narrow range of monthly mean temperatures (mean 

annual January temperature 1931-1960 5°C, mean annual July temperature 1931 - 1960 15°C) 

with comparatively high average rainfall and wind speeds (Irish Meteorological Service, 

2007). The prevailing wind direction is between south and west, i.e. predominately onshore 

along the western coast.  

 
2.3 Loughros More Estuary  

The west facing Loughros More is one of 25 estuaries on the County Donegal coastline 

(Figure 2.1) (Burningham, 2005). It is typical of west Donegal coastal systems, which are 

inherently dynamic and typically bound by dune and/or bedrock margins (Burningham 2002). 

Metamorphic rocks underlie most of the seaward parts of the estuary, in particular Loughros 

Group and Upper Falcarragh Pelites, and Falcarragh limestone; these are covered by aeolian 
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sand deposits. The majority of the inland part of the estuary is underlain by intrusive igneous 

granodiorites (National Parks and Wildlife Service, 2005).   

 

The seaward portion of the Loughros More estuary is protected under the European 

Commission Birds Directive 79/409/EEC and Habitats Directive 92/43/EEC (European 

Commission 1979 and 1992) by both a Special Protection Area (SPA) and a Special Area of 

Conservation (SAC). The ‘West of Ardara/Maas Road’ SAC is designated for 23 habitats 

listed under Annex 1 of the habitats directive, six of which have priority status, and the 

presence of several rare species listed under Annex II of the Habitats Directive including 

slender naiad, freshwater pearl mussel, marsh fritillary, petalwort, atlantic salmon, common 

seal, whorl snail and otter (National Parks and Wildlife Service, 2005). 

 
Figure 2.1 Regional setting of Loughros more and Tramore and Sandfield sites (source: Burningham, in press). 
 

The Sheskinmore Lough SPA occupies the inlet of the Loughros More estuary and also backs 

Tramore beach (Figure 2.2). The SPA covers 944ha of intertidal flats, sand dunes, machair, 

salt and freshwater marshes and partially sand filled lough (BirdLife International, 2007). The 

Magheramore system comprises the northern edge of the estuary mouth and covers 280ha of 

embryonic, shifting and fixed dune, machair, blowouts and slack habitats. This system is 

bound to the south-west by a pelite bedrock headland, and to the west by Tramore beach 
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(Burningham, 2002). These dunes are instrumental to the existence of Sheskinmore Lough 

having dammed a tributary to the Loughros More approximately 1000 years ago during 

extensive dune reactivation. Since 1907 the ebb tidal channel of the estuary has shifted 

northwards to its current position, adjacent to the Magheramore dunes. This equates to a 

northward shift of 650m, resulting in 500m of erosion into the dunes (reducing the breadth of 

the dunes to half its 1835 extent) (Burningham, 2002).   

 
Figure 2.2 Location of the Sheskinmore Lough SPA (source: Burningham, in prep) 

 

2.4 Tramore 

The Tramore study site is located on the seaward north margin of the Loughros More Estuary. 

It backs a wide (300m at low tide) surf dominated planar beach, which is dissipative in 

character, and a narrow supratidal zone (Burningham, 2002). The site covers an area of 

approximately 10ha encompassing the transition from low-level embryo dunes, young 

foredunes, and dune slack to the established dunes of Magheramore.  Behind the region of 

embryo and foredunes is an approximately 30m wide area of dune slack running the width of 

the beach. 
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2.5 Sandfield  

The Sandfield study site is located on the north margin of the estuary and covers an area of 

approximately 15ha to the east of Magheramore. At this location dune ridges have prograded 

350m south-eastwards across the intertidal flats since 1907 (Burningham, 2002). The site 

includes areas of embryo dune, foredune and fixed dune and blowouts. There is an area of 

blowover at the leading edge of the dunes. 
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3. Methodology 

3.1. Field sampling 

The study area was examined within a GIS (ESRI ArcGIS 9.1) from recent aerial 

photography. The dune sites were digitised as polygon layers covering areas of embryo dune, 

foredune, and fixed dune at Tramore and Sandfield. A stratified random sampling approach 

was used to locate sample points at each site: 52 points on the Sandfield site and 64 on the 

Tramore site. Points were located using a Random Point-in-Polygon Generation script 

(Sawada, 2004) within ArcGIS. Sample positions were numbered to ensure cross-correlation 

with the field data. A handheld GPS (Garmin eTrex) was used in the field to locate the sample 

points and to delineate the dune front and the vegetation front. 

 
Fieldwork was conducted over a week in May 2007. A quadrat was placed at each point and 

vegetation was sampled. As the vegetation is predominately of grassland community a 1m x 

1m quadrat was used.  The species present were recorded and their percentage cover 

estimated. Identification and nomenclature of vascular plants followed Rose (1981), Blamely 

et al. (2003), Fitter et al. (1984); those that could not be identified in the field were sampled 

and identified later; mosses and lichens were recorded, but not identified to species level. A 

total of 85 vascular species were identified; species richness ranged from 0 to 18 species at 

Sandfield and 0 to 23 species at Tramore. Shear strength was measured at each quadrat using 

a Pilcon shear vane and a photo log was kept.  

 

Soil samples were taken from even numbered quadrats to ensure a random subset of the 

original sample; soil was sampled to 10cm depth. Samples were placed in sealed plastic bags 

and were kept refrigerated until analysis to prevent decay. There was no appreciable change in 

the weather during the field survey that might have affected soil samples taken. 

 

3.2. Analytical procedures 

Soil is a basic component of ecosystems and plant composition can be strongly influenced by 

some soil factors (Álvarez-Rogel et al 2007). Therefore, soil samples were analysed for soil 

moisture content, organic content, carbonate content, pH, conductivity, nitrate (Cadmium 

reduction method) and phosphate (Ascorbic acid method) (Table 3.1). The grain size of 

sediment particles affects their entrainment, transport and deposition and can provide 

information on sediment provenance, transport history and depositional conditions (Blott and 

Pye, 2001). Therefore, particle grain size fractions were measured for each of the samples by 
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dry sieving the sample through sieves of 2mm, 1mm, 0.5mm, 0.25mm, 0.125mm and 

0.063mm diameter and the sieve sizes converted to the Wentworth scale (Wentworth, 1922) 

(Table 3.2).   

 

Table 3.1 Environmental variables, units and abbreviations and their importance/relevance to dune 

environments. 

Variable Units of measurement Importance/relevance to dune 
environments 

Soil moisture content grams (percentage of sample) Environmental gradients and species 
composition can be heavily influenced by 
soil moisture and/or flooding regime 
(Álvarez-Rogel et al, 2007). 

Organic content grams (percentage of sample) During early succession the amount of 
organic matter in the soil increases due to 
the production of litter and dead roots, as 
a result nitrogen levels also increase 
(Berendse et al, 1998). 

Carbonate content grams (percentage of sample) The carbonate content can provide 
information on the provenance of the 
sediment. Carbonate content also affects 
the pH of the soil. 

Conductivity millisiemens (mS) Salinity is a limiting factor for many 
species. In the dune environment sea 
water inundation and/or high evaporation 
rates will have an effect on the salinity of 
the soil.  

Nitrate milligrams per litre (mg/l) In dune soils, where there has been little 
accumulation of organic matter, nitrate is 
often limited (Lammerts et al, 1999). 
This is an important environmental factor 
determining the dynamics of species 
composition (Berendse et al, 1998). 

Phosphate milligrams per litre (mg/l) As with nitrate, in dune soils phosphate is 
deficient and may be further depleted by 
leaching therefore limiting plant growth 
(Willis and Yemm, 1961). 

Shear strength kilopascal (kpa) Roots binding the substrate will increase 
the shear strength and consequently 
reduce the mobility of the dune. Shear 
strength will also be affected by the 
moisture content of the soil.  

pH  A rise in pH reinforces nitrification and 
causes phosphorus limitation (Lammerts 
et al, 1999). 

Grain size fractions See table 3.2 Sandy soils can facilitate water 
movement and lose nutrients through 
leaching (Green et al, 1990). Grain size 
fractions provide information on the 
sedimentology. 

 
To calculate the moisture content 1 gram of each sample was weighed out into a crucible and 

placed in a furnace at 105°C overnight, the samples were removed and the dry weight 
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recorded. The moisture content was calculated from the loss on drying. To calculate the 

organic content the dried samples were placed back in the furnace at 550°C for 2 hours before 

being removed and the remaining ash weight recorded. The organic content was calculated 

from the loss on ignition. To calculate the carbonate content the samples were placed back in 

the furnace at 925°C for 4 hours, the amount of carbon dioxide lost in this process, as 

carbonates are converted to oxides, is used to determine the original carbonate content. The 

difference between the ash weight and the weight lost at 925°C was multiplied by 1.36 (the 

difference between the molecular weights of CO2 and CO3) to calculate the carbonate content.  

 

To measure the pH and conductivity of the samples 100ml of de-ionised water was added to 

10g of the sample and left to steep overnight the pH and conductivity were then measured 

electrometrically using a pH and conductivity meter. The filtered water samples were then 

used to measure nitrate content (Cadmium reduction method) and phosphate content 

(Ascorbic acid method). It was not necessary to calibrate the nitrate test for high chloride 

concentrations as none of the conductivity readings were above 100mg/l (1mS). 
 
Table 3.2 Conversion of sieve sizes to Wentworth grain size classes. 

Sieve size Wentworth classification 
2mm Granule 
1mm Very coarse sand 
0.5mm Coarse sand 
0.25mm Medium sand 
0.125mm Fine sand 
0.063mm Very fine sand 
<0.063mm Mud 
 

3.3. Data analysis 

For each site the species richness was calculated by summing the total number of species 

present. It was decided to use the Simpson’s Diversity Index to calculate diversity as it has 

been shown to perform best, i.e. lowest relative root-mean-squared error, with a small bias 

and a low coefficient of variation when the sample size is small, i.e. less than 1000 

individuals, when compared to other diversity indexes e.g. the Shannon index, the Simpson 

index, the Camargo eveness index and the Pielou regularity index (Mouillot and Leprêtre, 

1999). Initial exploratory analysis of the dataset was done by production of scatter plots to 

compare environmental variables and environmental variables and individual species; linear 

regression was used to assess the significance of the correlations. Histogram plots were used 

to compare species present and species abundance between sample points and study sites. 
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Histogram plots were also used to explore and compare the grain size fractions within each 

site and between the sites. A t-test was used to test for significant differences in 

environmental variable averages both within each site for different periods of dune growth, 

produced from GIS analysis, and between sites. The particle grain size fractions of the 

samples were analysed using Gradistat (Blott & Pye, 2001) to examine the grain size 

distributions and statistics within the sites and the comparison between the sites.  

 

A multivariate analytical approach was used to assess and compare the diversity of the two 

sites, the importance of environmental variables in species composition and to identify 

clusters of species with similar environmental preferences. Lichens and mosses were not 

included in this analysis. Application of a Detrended Correspondence Analysis (DCA) of the 

species data established that both sites have an axis 1 gradient greater than 4 standard 

deviation units and therefore have high beta diversity values. DCA axes 1 and 2 explain 

21.4% and 34.6% of variance for the Tramore and Sandfield sites respectively. Consequently 

it was decided unimodal techniques for data analysis were more appropriate for use on the 

dataset (Palmer, 1993). Correspondence Analysis (CA) of the species data was used to 

examine any possible correlation between the sample sites and species and to identify clusters 

of species and sample sites. This analysis revealed Glaux maritima, Plantago maritima and 

sample points E52 and E51 at Sandfield and Ranunculus penicillatus and W14 at Tramore to 

be outliers; these were noted. The outliers were removed and the analysis rerun to allow a 

more detailed distribution amongst the rest of the dataset. A Principal Components Analysis 

(PCA) was performed on the environmental data for both sites to explore variation in the 

chemical and physical characteristics across and between the sites. 

 

A DCA of the subsets of even numbered quadrats revealed these are representative of the full 

species dataset; i.e. both sites have an axis 1 gradient greater than 4 standard deviation units 

and axes 1 and 2 explain 26.1% and 31.5% of the variance for the Tramore and Sandfield 

sites respectively. Therefore a Canonical Correspondence Analysis (CCA) was applied so 

community variation could be directly related to environmental variation (ter Braak, 1986). 

For this analysis the environmental data was log transformed for normality ( )( )1log10 +χ  

excluding pH. The CCA was done on the full subset and then the outliers identified in the CA 

were removed and the analysis rerun. This analysis revealed both sites had two Variance 

Inflation Factors greater than 20, i.e. fine sand and very fine sand for Sandfield and fine sand 
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and coarse sand for Tramore, indicating these variables are almost perfectly correlated with 

other variables and therefore unstable in the analysis. The analysis was rerun with these 

variables removed.  

 

3.4. GIS analysis 

The morphology and progradation of the dune systems at both sites was examined in ERSI 

ArcGIS 9.1 using geo-rectified aerial photographs from 1951 and 1977, infra red satellite 

images from the 2002 National Coast Survey and field observations from 2007. The aerial 

photographs, satellite images and GPS delineations were digitised as polyline shape files 

representing the dune fronts and the observed vegetation front. For analysis and comparison, 

dune growth was divided in to 3 time periods; behind the 1951 dune front, 1951 dune front to 

2002 dune front and 2002 dune front to 2007 vegetation front. Field data was examined in the 

GIS using to enable correlation between the field data and dune growth time periods and to 

identify clusters of similar values or outliers.  
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4. Results 

4.1 Physical characteristics 

4.1.1 Dune geomorphology 

The fixed dunes of Tramore are fronted by an erosional dune scarp (Figure 4.1), which is 

between 1 and 5 metres in height. Within the fixed dunes are areas of blowout and dune 

hollows, some of which contain small ponds. In front of the dune scarp is an area of dune 

slack/wetland approximately 30m wide that extends across the width of the beach (Figure 

4.3), which is fed by springs from the base of the fixed dunes. There is surface standing water 

present across much of this area with ponds in some areas reaching up to 1metre in depth. In 

front of the dune slack/wetland is the foredune ridge, again extending across the width of the 

beach; here foredunes are between 0.5 and 1metre in height. There is a large area, i.e. 

approximately 100m wide, where embryo dunes are present, their occurrence becoming 

sparser further seaward.  

 

Within the fixed dunes at Sandfield there are a few areas of blowout (Figure 4.2) but they are 

not as common as at Tramore. There is less variation in surface topology than Tramore with 

fewer dune hollows; the dune surface becomes flatter to the East. A previous foredune ridge is 

visible in the satellite image within this flatter area approximately 100m from the current 

foredune front edge. There is an area of blowover on the southwest edge of the dune where 

the dune front is being eroded (Figure 4.4); the remobilised sediment is blown landward by 

the onshore winds and deposited behind the area of erosion. In the field this is evidenced by 

the presence of fresh sand on top of the dune vegetation. Foredunes extend from the southeast 

edge of the system and reach a height of approximately 1.5m; very few embryo dunes present 

in front of the foredune ridge. To the east of the foredune ridge there is an area of vegetated 

sand flat extending for approximately 100m, this was not present at the time of the 2002 

satellite image. 
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Figure 4.1 Morphology of Tramore (interpreted from 2002 National Coast Survey infra red satellite image). 

 

 
Figure 4.2 Morphology of Sandfield (interpreted from 2002 National Coast Survey infra red satellite image) 
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Figure 4.3 View looking south across the Tramore site, showing the area of dune slack/wetland between the 

fixed and foredunes. 
 
 
 
 

 

Figure 4.4 View looking south across area of blowover at Sandfield. 
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4.1.2 Decadal evolution 

From the delineation of the dune fronts and the vegetation front of 2007 it can be seen there 

has been a progradation of the Tramore dune system of approximately 220m (Figure 4.5). The 

dune front shown on the 1907 base map was eroded back to create a dune scarp, which marks 

the position of the 1951 dune front. Subsequent progradation from the 1951 dune front began 

in the 1990’s (Burningham, in press). At Tramore the progradation is predominately linear 

with the orientation of the historical dune fronts matching that of the 1951 dune front. The 

area identified in the GIS as between the 1951 dune front and the 2002 dune front coincides 

with the approximate current location of the dune slack/wetland. 

Figure 4.5 Dune evolution at Tramore (underlying detail from the 1907 OS 1:10560 map). 
 

Delineation of the dune fronts and the vegetation front of 2007 for the Sandfield dune system 

indicates a progradation southwards by approximately 350m. As can be seen from Figure 4.6 

this progradation started sometime after 1977. The morphology of the Sandfield progradation 

is an example of recurve growth, creating an extension to the main Magheramore system. 

There is an area of overlap where the line of the 2002 dune front is positioned further south 

than the line of the present dune front; this is consistent with the area of blowover. The line 

marking the vegetation front appears to be unrelated to the morphology of the foredune ridge, 

this is due to the presence of the vegetated sand flat.     
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Figure 4.6 Dune evolution at Sandfield. (underlying detail from the 1907 OS 1:10560 map). 

 

4.2 Dune ecology 

4.2.1 Vegetation assemblages 

A total of 85 vascular plant species were identified in the survey of both sites; initial 

exploration of the species dataset identified 37 species common to both sites, 39 species 

present only at the Tramore site and 9 species present only at the Sandfield site (Appendix 2).  

Of the species only present at the Tramore site, 14 are freshwater aquatic or marginal.  

 

Interrogation of the GIS and species dataset for the Tramore site showed pioneer species such 

as Ammophila arenaria, Elytrigia juncea and Carex arenaria to be the major species present 

at the front of the dune, i.e. between the lines of the 2002 dune front and the 2007 vegetation 

front. Freshwater aquatic and marginal species are primarily located between the lines 1951 

dune front and 2002 dune front i.e. consistent with the area of dune slack identified in the 

field. However, Festuca rubra is the dominant species in this area (Figure 4.7) with the 

average percentage per quadrat being 67%. Terrestrial herbaceous perennials are more 

common behind the line of the 2002 dune front and are the major species type behind the 

1951 dune front line. A. areanaria forms a high proportion of many of the quadrats behind the 

1951 dune front line (Figure 4.7), with percentage covers ranging from 0% to 90% and the 

average being 23%.   
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Figure 4.7 Species present and their percentage cover for the Tramore site (for species abbreviations see Appendix 4) 
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Species richness at Tramore ranged from 0 to 23 with the average being 8.0 and the 

Simpson’s Diversity index values ranged from 1 to 10.2 with the average being 2.71. Within 

the site, however, these values varied (Table 4.1). There are significant differences in the 

values for both the species richness and Simpson’s Diversity indices between all the dune 

growth periods identified at the Tramore site (Appendix 5).   

 
 
Table 4.1 Average values for species richness and Simpson’s Diversity indices for Tramore and 
Sandfield 
 Tramore Sandfield 
 Site Behind 1951 1951-2002 2002-2007VF Site Behind 1951 1951-2002 2002-2007VF
Species 
Richness 7.97 14.07 9.29 1.81 8.94 13.92 8.21 2.17 
Simpsons D 2.71 4.09 2.91 1.37 8.21 11.95 7.96 1.44 
 

 

The CA of vegetation at Tramore revealed clear clusters of sample points related to dune the 

growth period (Figure 4.8); indicating a possible zonation of species related to the age of the 

dune.  It can be seen that the 2002 to 2007 vegetation front area typically contains species 

such as Ammophila arenaria, Elytrigia juncea, Honckenya peploides and Sedum acre; these 

species are all adapted to the conditions of the dune front i.e. they have xerophytic and 

halophytic characteristics and are tolerant to sand burial. All the freshwater aquatic and 

marginal species identified at the site are present within the 1951-2002 region of the CA; this 

is consistent with the location of the area of dune slack between the fixed dune and foredune. 

The behind 1951 region on the CA contains the highest number of species, as shown 

previously; the majority of these species are herbaceous perennials. Sample site W14 and the 

Ranunculus penicillatus were outliers in this analysis. The W14 sample site (Appendix 3) 

only contained freshwater aquatic species and contained a high percentage of Ranunculus 

pencillatus (70%); Ranunculus pencillatus only occurs in as a small proportion in one other 

sample site. 
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Figure 4.8 CA of vegetation at Tramore A) samples sites B) species (for key to species abbreviations see 
Appendix 4). 
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Figure 4.9 Species present and their percentage cover for the Sandfield site (for species abbreviations see Appendix 4) 
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Interrogation of the GIS and species dataset for the Sandfield site showed pioneer species to 

be more common at the front of the dune than the rest of the site (Figure 4.9). Their 

occurrence does not coincide with the historical dune front lines, as pioneers are the most 

common species from the 2007 vegetation front to immediately behind the line of the 2002 

dune front after which there is a transition to herbaceous species being the dominant type. 

Ammophila arenaria is present in all areas of the dune (Figure 4.9), within the 1951-2002 

area percentage cover ranges from 0% to 50% with an average of 11%; within the behind 

1951 area values range from 0% to 60% with an average of 10%, however this is biased by 

quadrat E19 containing a higher proportion than the others, i.e. 60%, when this is removed 

values range from 0% to 30% with an average of 6%.  Festuca ovina is common in both the 

behind 1951 area and 1951-2002 area, average percentage covers 34% and 15% respectively. 

The difference in the averages between the two areas is significant, i.e. P value = 0.004. At 

the area of vegetated sand flat extending to the east between the 2007 dune front and the 2007 

vegetation front, Glaux maritima and Plantago maritima are the only species present.    

 

The species richness at Sandfield ranged from 0 to 18 with an average of 8.94 and the 

Simpson’s Diversity index values ranged from 1 to 81 with an average of 8.21; within the site 

these values varied (Table 4.1). However, only the differences between the species richnesses 

are significant, i.e. have a P value less than 0.05 (Appendix 5). The differences seen in the 

species diversity values are due to the bias of irregular high values.  

 

The CA of vegetation for the Sandfield site does not show clusters of sample points and 

species as clear as that for Tramore (Figure 4.10). There can be no definition made between 

the 1951-2002 and 2002-2007 vegetation front periods. The behind 1951 region is more well 

defined and contains the majority of species only seen at Sandfield (Appendix 2). Glaux 

maritima, Plantago maritima and sample points E51 and E52 (Appendix 3) were outliers in 

this analysis. These sample points were located in the area of vegetated sand flat immediately 

in front of the main foredune ridge. Plantago maritima was present in sample E51 and Glaux 

maritima was present in both E51 and E52, neither of these species is present at any of the 

other sample sites. 

 

When comparing the vegetation assemblages of Tramore and Sandfield it can be seen that 

although there is not a significant difference between the two values for average species 

richness the Simpson’s D index value for Sandfield (8.21) is significantly higher than that of 
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Tramore (2.71) (i.e. P value = 0.001). When the dune growth periods of the two sites are 

compared it can be seen that the only significant difference is between the Simpson’s 

Diversity indices for the 1951-2002 periods (P value = 0.005). 

 

 

 

 
Figure 4.10 CA of vegetation at Sandfield A) sample sites B) species(for key to species abbreviations see 
Appendix 4). 
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4.2.2 Environmental gradients 

Environmental variable site averages and variations between dune growth periods for 

Tramore are shown in Table 4.2. There are no significant differences between dune growth 

periods for the pH, conductivity, nitrate and phosphate values (Appendix 5). The percentage 

moisture content of the behind 1951 area is significantly lower (i.e. P value = less than 0.05) 

than either of the other two periods. The percentage organic content is significantly lower and 

the percentage carbonate content significantly higher in the 2002-2007VF area than either of 

the other two periods. In terms of the sedimentology of the samples it can be seen that the 

percentages of coarse and medium sand in the 2002-2007VF area are significantly lower and 

the percentage of fine sand significantly higher than either of the other two regions. The 

percentage of fine sand in the 2002-2007VF area is significantly lower than the behind 1951 

region. Analysis of the sedimentology using Gradistat (Blott & Pye, 2001) showed that all 

sediment samples from Tramore were unimodal and very well sorted and could be defined as 

a very well sorted fine sand. 

 

Table 4.2 Average values for environmental variables for Tramore and Sandfield 
 Tramore Sandfield 
 Site Behind 1951 1951-2002 2002-2007VF Site Behind 1951 1951-2002 2002-2007VF
pH 8.38 8.52 8.32 8.38 8.31 8.13 8.38 8.60 
conductivity (μS) 60.78 50.96 62.67 64.83 48.24 55.33 45.23 46.40 
nitrate (mg/l) 0.12 0.11 0.15 0.08 0.17 0.31 0.12 0.10 
phosphate (mg/l) 0.09 0.08 0.04 0.18 0.09 0.09 0.10 0.08 
% Moisture 
content 17.34 9.34 20.50 18.19 6.03 7.63 5.27 6.55 
% Organic content 0.70 0.73 0.92 0.35 1.23 1.90 0.99 0.58 
% Carbonate 
Content 3.39 3.05 3.00 4.21 5.56 5.11 5.38 8.19 
% Very coarse 
sand 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.04 
% Coarse sand 0.59 0.52 0.98 0.05 0.66 0.50 0.71 0.70 
% Medium sand 1.57 1.87 2.07 0.62 5.85 4.13 6.29 6.25 
% Fine sand 96.95 96.44 96.03 98.67 92.63 94.32 92.31 92.01 
% Very fine sand 0.83 1.10 0.84 0.64 0.81 0.96 0.66 0.94 
% Silt and Mud 0.06 0.07 0.08 0.02 0.05 0.09 0.03 0.06 

 

A PCA of the environmental data for the Tramore site reveals some clustering of sample 

points related to the dune growth period (Figure 4.11). The results from this analysis suggest 

that samples in the behind 1951 area are characterised by a higher pH than the other samples 

and samples in the 2002 to 2007 vegetation front area typically have a higher carbonate 

content and a higher proportion of fine sand. However, from the previous analysis only the 
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higher proportion of fine sand was shown as significant. There are no clear clusters of points 

in the 1951-2002 region. 

 

Figure 4.11 PCA of environmental data for the Tramore site. 

 

The CCA of environmental and species data for Tramore (Figure 4.12) agrees with the 

observations made from the CA and PCA as clear clusters are identifiable for the dune growth 

periods; the 2002 to 2007 vegetation front period is characterised by a higher carbonate 

content and pioneer species, the behind 1951 area is typically has a higher pH and the 

presence of herbaceous perennial species, freshwater aquatic and marginal species are present 

within the 1951 to 2002 region. 

 

Environmental variable site averages and variations between dune growth periods for the 

Sandfield site are shown in table 4.2. There are no significant differences between the dune 

growth period regions for the pH, conductivity, nitrate, phosphate, percentage moisture 

content or percentage organic content variables (Appendix 5). The 2002-2007 vegetation front 

area contains a significantly higher percentage of carbonate than the other two regions. In 

terms of sedimentology the 2002-2007 vegetation front area has a significantly higher 

proportion of very coarse sand than the 1951-2002 area and a significantly higher percentage 

of medium sand and a lower percentage of fine sand than the behind 1951 region. The 

majority of the very coarse sand fraction consisted of shell fragments, which accounts for the 

higher carbonate content of this region. Analysis of the sedimentology using Gradistat (Blott 
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& Pye, 2001) revealed that all samples were unimodal and very well sorted and could be 

defined as a very well sorted fine sand with the exception of sample E08 which was described 

as being bimodal and well sorted and was defined as a well sorted fine sand. Sample point 

E08 is located on the front edge of the area of blowover (Appendix 3); it contains a higher 

percentage of medium sand, i.e. 18.03%, and a lower percentage of fine sand, i.e. 80.57%, 

than any of the other samples from the Sandfield site.     

 
Figure 4.12 CCA of species and environmental data for the Tramore site (for key to species abbreviations see 
Appendix 4).  
 

 

A PCA of the environmental data and CCA of environmental and species data for the 

Sandfield site revealed no significant clustering of the sample points related to species groups 

or environmental conditions.  

 
When directly comparing the environmental gradients of the Tramore and Sandfield sites it 

can be seen that the average values of pH for the behind 1951 area, of conductivity for the 

1951-2002 area, and of percentage moisture content for the 1951-2002 and 2002-2007VF 

areas, are significantly higher at Tramore. The average values of percentage organic content 

Ordination Axis 1 

O
rd

in
at

io
n 

A
xi

s 2
 



 

31 

for the behind 1951 and 2002-2007VF areas and the percentage carbonate content for all the 

regions is significantly higher at Sandfield. In terms of sedimentology the Sandfield site 

contains a significantly higher proportion of very coarse and coarse grained sand. 
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5. Discussion 

5.1 Dune evolution and geomorphology 

There are distinct differences in the present day morphologies of the Tramore and Sandfield 

dune systems, which can be attributed to their inherent structural controls, location on the 

coast and historical evolution.  

 

The Tramore system is not typical of the standard dune evolution models, as the dune 

slack/wetland and the erosional dune scarp interrupt the transition from the foredune ridge to 

the fixed dunes. Hesp (2002) states the amount of dune scarping as being factor in controlling 

foredune development; it is possible that the dune scarp at Tramore was a controlling factor in 

the development of the dune slack/wetland. The dunes have accreted rapidly, progradation 

having begun in the 1990’s (Burningham, in press), and appear to have extended seaward 

before building upwards, therefore creating the dune slack behind the foredunes. The embryo 

and foredunes area contains a lower proportion of coarse and medium sand compared to the 

dune slack and fixed dunes; this could be an indication of a change to lower energy conditions 

or it could be a reflection of the limited sediment supply in this region, the coarser grains 

having been preferentially deposited (Arens et al, 2002). 

 

The Sandfield site is also not typical of the standard model of dune evolution. The dune 

system has formed as a result of sediment remobilisation due to the erosion of the main 

Magheramore dune system (Burningham, 2002). The dunes have accreted rapidly, 

progradation having begun sometime after 1977. However, unlike the Tramore system, here 

the dunes appear to have accreted upwards before extending outwards, therefore creating the 

flatter dune surface with the transition to fixed dunes occurring with little change in 

topography. Within this prograding system there is also an area of dune front regression i.e. 

the area of blowover. The occurrence of the area of vegetated sand flat creates an extension to 

the dune system also not typical of the standard dune model. In contrast to Tramore the 

embryo and foredunes at Sandfield had a higher proportion of medium sand than the behind 

1951 region. The higher proportion of very coarse sand compared to the 1951-2002 area 

corresponds to accumulation of shell fragments in this area of the dune. 

 

5.2 Controls on species assemblages 

This study found pioneer species such as Ammophila arenaria, Elytrigia juncea, Carex 

arenaria, Honckenya peploides and Sedum acre to be the major species present at the front of 
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the dune at the Tramore site. This is to be expected, as species in this area of the dune system 

need to be adapted to the often harsh conditions. The presence of just pioneer species is 

reflected by the low species richness and diversity values. The low percentage soil organic 

content reflects the young age of this part of the dune. This area of the dune system also has a 

significantly higher percentage carbonate content than the rest of the dune system; this is most 

likely due to the accumulation of shell fragments and the leaching out of carbonate in the 

sediment over time. 

 

The species composition in the area between the foredunes and fixed dunes (1951-2002) is 

strongly influenced by the presence of the dune slack/wetland, i.e. there are 14 freshwater 

aquatic and marginal species only found in this area of the Tramore dune. This area has a 

relatively high species richness value, i.e. 9.29; however, the species diversity is relatively 

low due to dominant species, i.e. 2.91. This is inconsistent with Avis and Lubke’s (1996) 

observation of relatively high diversity in dune slacks. This is possibly a result of low inter-

species competition in the dune slack/wetland environment due to the domination of Festuca 

rubra in this area. 

 

There is a surprisingly high percentage cover of Ammophila arenaria in the Tramore fixed 

dunes (behind 1951) as it is expected that pioneer species such as this would be out competed 

in this less harsh environment (Dowdeswell, 1984). The high proportion of A. arenaria could 

be due to the relatively high number of blowouts and re-vegetating blowouts; initially the 

conditions in these areas would be unfavourable, therefore there would be little inter-species 

competition.  

 

The only significant difference in the environmental variables between the fixed dunes 

(behind 1951) and the dune slack/wetland is the lower percentage moisture content of the 

fixed dunes. This further enforces the influence of the presence of the dune slack/wetland on 

the species composition. The values of species richness and species diversity are significantly 

higher for the fixed dune than the rest of the system. The majority of the species are 

herbaceous perennials, which are able to become established due to the more sheltered and 

stable conditions. 

 

Pioneer species, such as Ammophila arenaria, Elytrigia juncea, Glaux maritima and Plantago 

maritima, were seen to be the main species present in the embryo dunes, foredunes and area 
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of vegetated sand flat at the Sandfield site. Similarly to Tramore the species richness and 

diversity values for this are relatively low. The significantly higher proportion of carbonate in 

this area is likely to be due to the accumulation of shell fragments; however, this does not 

appear to have an effect of the species composition as the species found here are comparable 

to those found in the front dune area of Tramore where the carbonate content is significantly 

lower. 

 

Immediately behind the main foredune ridge herbaceous perennials become common due to 

more sheltered conditions and as a result the species richness increases. The species present 

remains similar throughout the area behind the foredune ridge. As at Tramore there is a 

surprisingly high proportion of Ammophila arenaria in the fixed dunes, unlike Tramore there 

are few blowouts in this area to account for the low inter-species competition required by this 

species. It is possible that many species have yet to become fully established since the rapid 

progradation of this part of the dune and therefore inter-species competition is still low 

enough for A. arenaria to grow, this is supported by the lower values of percentage cover 

behind the line of the 1951 dune front.  

 

There is a significant increase between the species richness of the 1951-2002 area and that of 

the behind 1951 area. However, there are no significant differences between any of the 

environmental variables of these two areas; it is therefore likely that the evolution of the dune 

is affecting the species richness. This could be because the additional species, present only in 

the behind 1951 area, require longer to become established in the area of prograded dune; for 

example Campanula rotundifolia is described by Campbell et al (1991) as a “diminutive, 

slow-growing, rhizomatous perennial herb”.   

 

When comparing the Tramore and Sandfield site it can be seen that conductivity and 

percentage moisture content are significantly higher at Tramore. The only significant 

difference in the species richness and species diversity of the two sites is between the species 

diversities if the 1951-2002 areas. These differences can be attributed to the presence of the 

dune slack/wetland. 

 

The different habitats, species compositions and individual species present at the two sites 

cannot solely be the result of environmental variables. The dune evolution and resulting 
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geomorphology is a major controlling factor in the production of coastal dune habitats and 

therefore also on species compositions and individuals. 

 

5.3 Implications for the conservation management of Sheskinmore Lough SPA 

Prograding areas of coastal dune create a range of habitats within the Sheskinmore Lough 

SPA. Although they have evolved under natural conditions, neither of the two sites studied 

are typical of the standard model of dune evolution, morphology and succession. It has been 

shown that the Sandfield dune system has significantly higher species diversity, however, the 

Tramore system contains more fragile species found only at this site. The Tramore site is 

more morphologically diverse despite evolving under the same climatic conditions as 

Sandfield. Consequently, both sites are of equal conservation value for the important habitats 

they provide and species they support. 

 

As with all SPAs and SACs the percentages of different habitats present within the 

Sheskinmore site were recorded at the time of designation. The National Parks and Wildlife 

Service’s policy is to maintain the overall conservation value of the Sheskinmore Lough SPA 

to the standard it was at the time of designation (pers. comm. Roderick, 2007). It needs to be 

recognised that the Sandfield and Tramore dunes are naturally dynamic systems where the 

current areas of different habitats will vary over time as the dunes evolve. Therefore, in order 

to maintain a healthy dune system, it will not be possible to maintain the habitats as they 

presently occur. It should also be recognised, that as these dunes are not typical of the 

standard model of dune evolution and succession, the natural progression of species 

compositions may not fit the predicted or expected progression; this variation should not 

affect the conservation value of the site. 

 

The backdune of Tramore is grazed by a small number of cattle (pers. comm. Roderick, 2007) 

and there is a small population of rabbits, at Sandfield there was some evidence of cutting of 

the dune grasses and of sheep grazing the site. Currently, grazing and human impact is not a 

problem on either site. However, this should be monitored so action can be taken to prevent 

damage, which could affect the natural dynamics of the site; this particularly important in the 

fixed dunes were erosion could cause blowout formation and in the dune slack/wetland area 

where drainage would destroy the habitat and possibly cause remobilisation of the sand. 
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5.4 Wider implications for coastal dune management 

Currently protected areas are the mainstay of conservation. Most spatial assessments of 

environmental features, habitats, and conservation management areas have generally assumed 

that climate is a constant feature of the environment, and that species distributions are 

effectively constant in space and time (Haplin, 1997 and Midgley et al, 2003). With the 

predicted sea level rise and increased storminess as a result of climate change there will be an 

increased amount of erosional and remobilisation of sediment in coastal areas. In some areas 

this may lead to the progradation of new or existing dunes (Carter, 1991). As a result of 

climate change and when dealing with dynamic coastal dune systems, species or habitats for 

which a protected area was established may vary in their extent or may no longer survive 

there. Conservation management strategies need to recognise that species succession and 

morphological evolution are part of the natural dynamics of these environments. Recent 

recommendations, such as CHAMPs in the UK, have recognised the dynamic nature of 

coastal dunes and the need for adaptive management. However, conservation status is still 

based upon standard models of dune evolution and succession and the generic NVCs. Avis 

and Lubke (1996) believe that the dynamic approach towards management requires a clear 

understanding of successional processes. It should therefore be recognised that the standard 

models of evolution and succession cannot always be applied. Protected areas and 

conservation strategies to be flexible enough to accommodate these changes and variations.   
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6. Conclusion 

The evolution and resulting geomorphology of the prograding coastal dunes of Sheskinmore 

Lough SPA are major controlling factors affecting biodiversity. The morphology of the sites 

creates a range of habitats that support a variety of individual species and assemblages of 

species. These habitats and species are predicted to vary in their extent and occurrence as the 

dunes continue to evolve; this is a feature common to all dune systems due to their dynamic 

nature.  

 

The dune systems studied have formed under similar climatic conditions; however, they have 

distinct morphological characteristics. It has been shown that the standard model of dune 

evolution and succession cannot be applied to these dunes. Therefore, when assessing the 

conservation value of a system, predictions of species occurrence based upon these models 

may not be valid.  

 

Protected areas and conservation strategies need to recognise that areas and occurrence of 

habitats will vary over time and this is likely to be accelerated by climate change. Protected 

areas need to be large enough and conservation strategies need to be flexible enough to 

accommodate these changes and variations.   
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Appendix 1 - Correspondence between classifications and listings for sand dune habitats/vegetation (JNCC, 2004). 
Dune Type Habitats Directive Annex 1 type Main NVC types Typical species 
Embryo Dune H2110 Embryonic shifting dunes 

(H1210, Annual vegetation of drift 
lines, is usually included on dune 
systems). 

SD4 Elymus farctus ssp. Boreo-atlanticus 
foredune community. 
SD5 Leymus arenarius mobile dune 
community (part). 
(SD2 Honckenya peploides-Cakile maritima 
strandline community. 
SD3 Matricaria maritima-Galium aparine 
strandline community). 

Elytrigia juncea, Leymus arenarius, (Cakile maritima, Honckenya 
peploides, Salsola kali, Attriplex spp.). 

Foredune H2120 shifting dunes along the 
shoreline with Ammophila arenaria 
(“White dunes”). 

SD5 Leymus arenarius mobile dune 
community (part). 
SD6 Ammophila arenaria mobile dune 
community. 

Ammophila arenaria, Leymus arenarius 

Fixed dune H2130 Fixed dunes with 
herbaceous vegetation (“grey 
dunes”). 

Calcareous dune grassland: 
SD7 Ammophila arenaria - Festuca rubra 
semi-fixed dune community 
SD8 Festuca rubra - Galium verum fixed 
dune grassland (part) 
SD9 Ammophila arenaria - Arrhenatherum 
elatius dune grassland 
CG10 Festuca ovina - Agrostis capillaris - 
Thymus praecox grassland (climbing dunes) 
Acid dune grassland: 
SD10 Carex arenaria dune community 
SD11 Carex arenaria – Cornicularia 
aculeata dune community 
SD12 Carex arenaria – Festuca ovina – 
Agrostis capillaris dune grassland 
SD19 Phleum arenarium – Arenaria 
serpyllifolia dune annual community 

Calcareous dune grassland 
Aira praecox, Arrhenatherum elatius, Astragalus danicus, Carex 
arenaria, Carex flacca, Cerastium fontanum, Crepis capillaris, 
Cladonia spp., Erodium cicutarium, Euphrasia officinalis, Festuca 
rubra, Galium verum, Geranium molle, Hypnum cupressiforme, 
Hypochaeris radicata, Linum catharticum, Lotus corniculatus, 
Luzula campestris, Odontites verna, Ononis repens, Peltigera spp., 
Pilosella officinarum, Plantago lanceolata, Prunella vulgaris, 
Rhinanthus minor, 
Rhytidiadelphus squarrosus, Rhytidiadelphus triquetrus, Thymus 
praecox, Tortula muralis, Trifolium repens, Sedum acre, Veronica 
chamaedrys, Viola canina, Viola riviniana, Viola tricolor. 
Acid dune grassland 
Aira praecox, Agrostis capillaris, Astragalus danicus, Carex 
arenaria, Carex pilulifera, Cladonia spp, Deschampsia flexuosa, 
Dicranum scoparium, Festuca ovina, Galium saxatile, 
Hylocomium splendens, Hypochaeris radicata, Lotus corniculatus, 
Luzula campestris, Pilosella officinarum, Polygala serpyllifolia, 
Plantago lanceolata, Pleurozium schreberi, Potentilla erecta, 
Scleropodium purum, Thymus praecox, Trifolium repens, Veronica 
chamaedrys, Viola canina 
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Appendix 2 - Species list indicating those present at Tramore only, both sites and 
Sandfield only. 

Tramore only Both sites Sandfield only 
Anthriscus sylvestris Cow 
Parsley 

Ammophila arenaria Marram 
grass 

Alopecurus pratensis Meadow 
foxtail 

Aster tripolium Sea Aster Anthyllis vulneraria Kidney vetch Arabis hirsuta Hairy rockcress 
Cardamine Flexuosa Wavy 
Bitter Cress 

Arenaria serpyllifolia Thyme-
leaved sandwort 

Campanula rotundifolia 
Harebell 

Carex elata Tufted Sedge Bellis perennis Daisy Gallium verum Lady’s bedstraw 
Carex nigra Common Sedge Cardamine pratensis Cuckoo 

flower 
Knautia (Scabiosa) arvensis 
Field Scabious 

Chamerion angustifolium 
Rosebay Willowherb 

Carex arenaria Sand Sedge Plantago maritima Sea Plantain 

Crepis paludosa Marsh Hawks-
beard 

Centaurium littorale Seaside 
century 

Plantago media Hoary plantain 

Dactylorhiza maculata Heath 
Spotted Orchid 

Cerastium glomeratum Sticky 
Mouse ear 

Prunella vulgaris Self-heal 

Dactylorhiza purpurella 
Northern Marsh orchid 

Cerastium holosteoides 
Common Mouse ear chickweed 

Silene martima (uniflora/vulgaris 
ssp maritime) Sea Campion 

Epilobium parviflorum Hoary 
Willowherb 

Cochleria officinalis Common 
Scurvy grass 

 

Eleocharis palustris Common 
Spike rush 

Elytrigia juncea Sand couch  

Equisetum palustre Marsh 
Horsetail 

Erophila verna Common 
whitlow grass 

 

Eriophorum vaginatum 
Harestail cotton grass 

Euphrasia salisburgensis Irish 
Eyebright 

 

Gallium palustre Marsh 
bedstraw 

Festuca ovina Sheeps fescue  

Heracleum sphondylium 
Hogweed 

Festuca rubra Red fescue  

Holcus lanatus Yorkshire Fog Glaux maritima Sea Milkwort  
Honckenya peplodies Sea 
Sandwort 

Hypocheris radicata Common 
Cat’s ear 

 

Hydrocotyle vulgaris Marsh 
Pennywort 

Lotus corniculatus Bird’s foot 
trefoil 

 

Juncus effuses Soft rush Luzula campestris Field Wood 
rush 

 

Juncus gerardi Saltmarsh rush Ophyrys apifera Bee Orchid  
Juncus maritimus Sea rush Pilosella officinarum Mouse-ear 

Hawkweed 
 

Lemna minor Common 
duckweed 

Plantago lanceolata Ribwort 
plantain 

 

Lotus pedunculatus Greater 
bird’s foot trefoil 

Poa pratensis Smooth meadow 
grass 

 

Mentha aquatica Water mint Poa trivialis Rough meadow 
grass 

 

Parnassia palastris Grass of 
Parnassus 

Polygala vulgaris Common 
milkwort 

 

Phleum arenarium Sand 
Catstail 

Ranunculus bulbosus Bulbous 
buttercup 

 

Potamogeton lucens Shining 
Pondweed 

Rumex acetocella Sheep’s 
sorrell 

 

Ranunculus penicillatus Water 
crow foot 

Saxifraga tridactylites Rue-
leaved saxifrage 
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Ranunculus repens Creeping 
buttercup 

Sedum acre Biting stonecrop 

Rhinathus minor Yellow Rattle Senecio jacobea Ragwort  
Rorippa nasturtium-aquaticum 
Water cress 

Senecio vulgaris Groundsel  

Rumex Crispus Curled dock Taraxacum officinalis Danelion  
Scirpus maritimus Sea 
Clubrush 

Thymus polytrichus Wild thyme  

Senecio aquaticus Marsh 
ragwort 

Trifolium repens White clover  

Sonchus asper Prickly sow-
thistle 

Tussilago farfara Coltsfoot  

Triglochin maritimum Sea 
Arrow grass 

Veronica arvensis Wall 
speedwell 

 

Typha latifolia Bulrush Veronica chameadrys 
Germander speedwell 

 

Vaccinium myrtillus Bilberry   
Viola riviniana Common dog 
violet 
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Appendix 3 – Sample point locations at A) Tramore and B) Sandfield 

A B 
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Appendix 4 – Species’ name abbreviations  
  

Alopecurus pratensis Alop_pra Parnassia palastris Parn_pal 
Ammophila arenaria Ammo_are Phleum arenarium Phle_are 
Anthyllis vulneraria Anth_vul Pilosella officinarum Pilo_off 
Anthriscus sylvestris Anth_syl Plantago lanceolata Plan_lan 
Arabis hirsuta Arab_hir Plantago maritima Plan_mar 
Arenaria serpyllifolia Aren_ser Plantago media Plan_med 
Aster tripolium Aste_tri Poa pratensis Poa_pra 
Bellis perennis Bell_per Poa trivialis Poa_tri 
Campanula rotundifolia Camp_rot Polygala vulgaris Poly_vul 
Cardamine flexuosa Card_fle Potamogeton lucens Pota_luc 
Cardamine pratensis Card_pra Prunella vulgaris Prun_vul 
Carex arenaria Care_are Ranunculus bulbosus Ranu_bul 
Carex elata Care_ela Ranunculus penicillatus Ranu_pen 
Carex nigra Care_nig Ranunculus repens Ranu_rep 
Centaurium littorale Cent_lit Rhinathus minor Rhin_min 
Cerastium glomeratum Cera_glo Rorippa nasturtium-aquaticum Rori_nas 
Cerastium holosteoides Cera_hol Rumex acetosella Rume_ace 
Chamerion angustifolium Cham_ang Rumex crispus Rume_cri 
Cochleria officinalis Coch_off Saxifrage tridactylites Saxi_tri 
Crepis paludosa Crep_pal Scripus maritimus Scri_mar 
Dactylorhiza maculata Dact_mac Sedum acre Sedu_acr 
Dactylorhiza purpurella Dact_pur Senecio aquaticus Sene_aqu 
Elytrigia juncea Elyt_jun Senecio jacobaea Sene_jac 
Epilobium parviflorum Epil_par Senecio vulgaris Sene_vul 
Eleocharis palustris Eleo_pal Silene maritma Sile_mar 
Equisetum palustri Equi_pal Sonchus asper Sonc_asp 
Eriophorum vaginatum Erio_vag Taraxacum officinalis Tara_off 
Erophila verna Erop_ver Thymus polytrichus Thym_pol 
Euphrasia salisburgensis Euph_sal Triflolium repens Trif_rep 
Festuca ovina Fest_ovi Triglochin maritima Trig_mar 
Festuca rubra Fest_rub Tussilago farfara Tuss_far 
Galium palustre Gali_pal Typha latifolia Typh_lat 
Galium verum Gali_ver Vaccinium myrtillus Vacc_myr 
Glaux maritima Glau_mar Veronica arvensis Vero_arv 
Heracleum sphondylium Hera_sph Veronica chamaedrys Vero_cha 
Holcus lanatus Holc_lan Viola riviniana Viol_riv 
Honckenya peploides Honc_pep 
Hydrocotyle vulgaris Hydr_vul 
Hypochaeris radicata Hypo_rad 
Juncus effusus Junc_eff 
Juncus gerardi Junc_ger 
Juncus maritimus Junc_mar 
Knautia arensis Knau_are 
Lemna minor Lemn_min 
Lotus corniculatus Lotu_cor 
Lotus pedunculatus Lotu_ped 
Luzula campestris Luzu_cam 
Mentha aquatica Ment_aqu 
Ophrys apifera Ophr_api 
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Appendix 5 – Table of P values for t-tests comparing average values for environmental variables, species richness and Simpson’s 
Diversity indices (Significant values, i.e. less than 0.05, highlighted)  
 

 
 
 
  

 Tramore - between dune growth periods Sandfield - between dune growth periods Between Tramore and Sandfield 

 
Behind 1951 
& 1951-2002 

Behind1951 & 
2002-2007VF 

1951-2002 & 
2002-2007VF 

Behind 1951 
& 1951-2002

Behind 1951 & 
2002-2007VF 

1951-2002 & 
2002-2007VF 

Between 
sites Behind 1951 1951-2002 

2002-
2007VF 

pH 0.105 0.233 0.580 0.286 0.113 0.489 0.429 0.031 0.847 0.204 
conductivity (μS) 0.180 0.090 0.783 0.082 0.392 0.919 0.004 0.545 0.006 0.170 
nitrate (mg/l) 0.513 0.457 0.162 0.125 0.573 0.724 0.293 0.304 0.537 0.797 
phosphate (mg/l) 0.215 0.362 0.069 0.838 0.858 0.772 0.889 0.887 0.053 0.613 
% Moisture content 0.037 0.049 0.523 0.083 0.697 0.509 0.000 0.721 0.000 0.009 
% Organic content 0.502 0.002 0.018 0.088 0.185 0.555 0.020 0.028 0.714 0.016 
% Carbonate 
Content 0.888 0.002 0.001 0.430 0.000 0.002 0.000 0.000 0.000 0.000 
% Very coarse sand      0.533 0.052 0.029 0.117  0.356 0.016 
% Coarse sand 0.250 0.006 0.006 0.471 0.439 0.959 0.707 0.899 0.421 0.000 
% Medium sand 0.750 0.000 0.009 0.120 0.009 0.929 0.000 0.000 0.000 0.000 
% Fine sand 0.690 0.000 0.003 0.180 0.021 0.999 0.000 0.001 0.004 0.000 
% Very fine sand 0.073 0.006 0.079 0.391 0.958 0.665 0.826 0.493 0.551 0.209 
% Silt and Mud 0.870 0.066 0.052 0.063 0.605 0.602 0.596 0.705 0.088 0.158 
               
               
Species richness 0.002 0.000 0.000 0.001 0.000 0.010 0.375 0.930 0.429 0.473 
Simpson's D 0.026 0.000 0.000 0.384 0.255 0.103 0.001 0.185 0.005 0.797 


