	Journal of Coastal Research
	SI 57
	pg - pg
	ICS2011 (Proceedings)
	Poland
	ISSN 


	Author’s last name (e.g. Klein or Klein and Menezes or Klein et al. Use Times New Roman 9 font normal)


2
PAGE  

[image: image9.jpg]


Coastal dune vulnerability among selected Scottish systems 
	R.W.Duck†, A.T. Williams‡ and M.R. Phillips‡

	†School of the Environment

University of Dundee Dundee DD1 4HN

UK

r.w.duck@dundee.ac.uk
	‡ School of the Built and Natural  Environment

Swansea Metropolitan University Swansea SA1 6ED 

UK

allan.williams@smu.ac.uk

mike.phillips@smu.ac.uk


	
	Abstract
	

	
	DUCK R.W., WILLIAMS A.T. and PHILLIPS M.R., 2011. Coastal dune vulnerability among selected Scottish. Journal of Coastal Research, SI 57 (Proceedings of the 11th International Coastal Symposium), pg – pg. Szczecin, Poland, ISBN 

Eleven Scottish dune systems were investigated as to their vulnerability with respect to management procedures.  Analysis consisted of the structured use of a rating scheme to assess the environmental conditions and range of protection measures at each site.  A 54 parameter checklist was utilised to assess Site and Dune Morphology (8 parameters); B) Beach Condition (9); C) Surface Character of the Seaward 200 m of Dune System (12); D) Pressure of Use (14) and E) Recent Protection Measures (11).  The percentage of the maximum possible rating for each category was calculated and summation of the 43 parameter ratings A) to D) provides a Vulnerability Index (VI), which ranged from 40% at Gaineamh Mhor to 55% at Calgary Bay.  The percentage score for the 11 parameters in category E) gives a Protection Measure Index (PM), which ranged from 18% at Breckon to 73% at Culzean.  Systems with a VI/PM ratio in the range 0.8-1.3 are regarded as having an equilibrium relationship between vulnerability and protection; sites with values <0.8 (e.g. Culzean) are out of equilibrium (positive), i.e. they are highly protected, whilst those with a ratio of >1.3 (e.g. Ardalanish) are out of equilibrium (negative), i.e. they are under protected.  Alternatively, a descriptive categorisation can be derived: I. Low Vulnerability - Low Management Response; II. High Vulnerability - High Management Response; III. Low Vulnerability - High Management Response; IV. High Vulnerability - Low Management Response.  The approaches mentioned improve objectivity in dune vulnerability measurement and provides a useful basis for proactive management.
AdDitional index words: Coastal dunes, checklist, vulnerability, protection, conservation.


INTRODUCTION

In Scotland,‘coastal dunes form only 7% of the total beach/dune complex area plus links or machair. They tend to be the focus of intent of most user and management groups’ (Ritchie and Mather, 1984, p. 17).  Machair is a Gaelic word ‘which applies to those areas of ancient sand dune systems mainly in the Hebrides of Scotland …. where long dune grasses have been superseded and the topography is essentially a low plain surface’ (Ritchie, 2005 p. 601).  The bulk of the c. 33,000 ha of Scottish coastal dunes, originated from sand produced/transported and deposited by glaciers, or rivers draining the area, therefore a slow decline has occurred since the end of the Pleistocene glaciation. The present situation is that rivers and cliffed coasts still supply sediment but the amount is small in comparison to the past and the main sediment source appears to be shell fragments, therefore most dunes are in a retreat phase.  Mandatory for dune development is an adequate supply of sand, generally with a particle size range of 2.5 to -1.0 Ø, in the intertidal zone and prevalent onshore winds. The critical factor is the presence of a sufficiently large beach plain the surface of which dries out between high tides. Dry sand can then be blown landwards and deposited above high water mark, where it is trapped by specialised dune-building grasses, which grow up through successive layers of deposited sand.


Prior to the 1980s, the basic concept applied to dune processes was a steady state equilibrium system.  Subsequently the realisation occurred that there existed dynamic/non-equilibrium systems.  Dunes are the result of natural processes and their high ecological value in the coastal ecosystem sphere is because they separate the sea and land environments in the form of a well defined niche. They lie behind emerged shores (backshore) and are the locus of sediment transportation and accumulation, produced by wind blowing inland from the shore. The active sedimentary exchange between dunes and shore is a fundamental characteristic factor of the coastal foredune, which is the only one to be considered as an active part of the complex and delicate process governing the littoral environment and its balance (Psuty, 1992).  Dunes and shore are strictly interconnected and intervention on one element induces an instability process in the other and the system as a whole. Even with dramatic variations in the morphology with a resulting transition from a reflective to a dissipative profile, as soon as low-energy conditions are re-established, the profile returns to a reflective form. When there is no dune, undercutting of any artificial structures continues until the beach regains a reflective profile after storms.

Most dune research has concentrated upon aspects of the physical sciences, e.g. geomorphology, biology, hydrology, with little attempt made to integrate disciplines and analyse quantitatively the holistic nature and time evolution of the whole dune system. Even with predictive morphodynamic models of the beach - dune erosion system, management of the latter remains an increasingly difficult task. Policy makers and managers require holistic techniques of data collection and analyses to enable them to cope with the large and growing population pressure on such coastal systems. Therefore, given the huge economic potential of the coastal area and a lack of sustainable management policies, anthropogenic activity has considerably affected the natural characteristics of coastal dune sub-systems, especially where the coast has assumed a significant agricultural role or, at least, as in the last century and currently, where tourism has become the main income source. Many researchers (e.g. Garcia-Mora et al., 2000; Overton et al., 2002; Martines et al., 2006; El Banna, 2008; Oliveira and Melo e Souza, 2009) have investigated dune vulnerability. The vulnerability technique outlined below can improve assessment of the consequences of environmental change in dune systems and can thus warn managers of increasing vulnerability due to exogenous or endogenous change.
METHODOLOGY
Many scientific disciplines utilise checklists (e.g. Ergin et al., 2006) and they have been useful when applied to dune systems (e.g. Williams et al., 1993; Matias et al., 1998; Pereira et al., 2000). A series of papers developed the methodological checklist approach utilised in this paper (e.g. Williams et al., 1993; Davies et al., 1995), which was applied to selected coastal dune systems in Scotland (Fig. 1). The checklist is a structured approach to assess dune condition both spatially and temporally (Williams, et al., 1993) by utilising a 0-4 scaling procedure for each of 54 parameters. Details of the checklist used can be found in Davies et al. (1995). The parameters are organised into five sections: 

A. Site and Dune Morphology (8 parameters); 

B. Beach Condition (9 parameters); 

C. Surface Character of the Seaward 200 m of Dune System (12 parameters); 

D. Pressure of Use (14 parameters); 

E. Recent Protection Measures (11 parameters).


Each of the 54 parameters was rated separately and the rating scale recorded by ticking the appropriate box in the checklist. Percentage scores for section ratings were calculated 
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	Figure 1. Location map of the Scottish dune systems studied.


and summation of sections A-D provides a measure of the overall environmental characteristics of the system, coupled with the effects of visitor pressure - termed the site Vulnerability Index (VI). The percentage scores for the remaining 11 parameters provides an overall indication of the extent of specific management procedures applied to the system - referred to as the Protection Measure Index (PM), i.e. procedures aimed at countering processes causing diversity loss within the dune system and which threaten the system’s existence. A VI/PM ratio can be obtained to describe the site equilibrium relationship.  Systems with a VI/PM ratio between 0.8 and 1.3 are regarded as having an equilibrium relationship between vulnerability and protection; sites with values <0.8 are out of equilibrium (positive), i.e. they are highly protected, whilst those with a ratio of >1.3 are out of equilibrium (negative), i.e. they are under protected (Table 1, Figure 2).  These indices allow managers to assess changes at a site through time or to compare dune sites on a regional scale.  Dune vulnerability can either be analysed in this manner (see detailed analyses in Alveirinho-Dias et al., 1994; Williams and Bennett, 1996) or via systems having high/low vulnerabilities and high/low management responses (Davies et al., 1995).
	Table 1: Vulnerability Index (VI), Protection Measure Index (PM) and VI/PM ratios for the eleven selected dune systems.  

	
	A (%)
	B (%)
	C (%)
	D (%)
	VI (%)
	PM (%)
	VI/PM

	Sands of Breckon
	41
	44
	50
	32
	46
	18
	2.6

	Sands of Meal
	97
	33
	35
	25
	45
	50
	0.9

	Quendale
	78
	53
	54
	25
	49
	36
	1.4

	West Voe of Sumburgh
	81
	50
	60
	04
	44
	64
	0.7

	Gaineamh Mhor
	59
	44
	35
	29
	40
	66
	0.6

	Calgary Bay
	88
	39
	52
	50
	55
	52
	1.1

	Fidden
	78
	42
	42
	32
	45
	18
	2.5

	Ardalanish
	66
	44
	50
	32
	46
	18
	2.6

	Machrihanish
	56
	50
	38
	36
	43
	16
	2.7

	Culzean
	94
	39
	44
	07
	40
	73
	0.5

	Torrs Warren
	47
	53
	58
	21
	43
	50
	0.9


RESULTS AND DISCUSSION

I. Low Management Response: High Vulnerability

Ardalanish: Negative VI/PM ratio 2.6 (Figs. 2 and 3)   


This system is located on the island of Mull situated off the west coast of Scotland and the dunes are the largest of the Mull beach/dune complex. The whole system occupies some 35 ha of which 8 ha are dunes and the rest machair. There exists an excellent raised shoreline on which well vegetated dunes have developed. Their origin is >7,500 years ago, as a product of the rapid Flandrian marine transgression and most low machair plains are deflation surfaces, as a result of constant recycling. The dunes form an almost continuous edge between the machair and the beach, and the area is bisected by two streams that cross the dune area with the western sector dunes being characteristically small scale and having a width of some 40-50 m. The surface is extremely stable but vulnerability occurs as little vegetation is found on the seaward slope. 

Fidden: Negative VI/PM ratio 2.5 (Figs. 2 and 3)

The Fidden estate area extends for some 1.5 km along the west coast of the Ross of Mull, covering an area of about 10 acres of the Ross of Mull granite, of which only a 15 m wide swath covering about one fifth of the site are dunes, exhibiting vigorous marram growth as a high percentage of blown sand is common. The rest is machair which exists as a continuous belt along the shoreline (Mather and Crofts, 1972). This represents a mature grassland stage with a thick sward of tall perennial grasses, e.g. Festuca rubra, shading lower vegetation, such as thistles, all unpalatable to animals such as rabbits. It is utilised for intensive cattle and sheep grazing. The latter frequently traverse between the beach and machair causing trampling damage to the coastal edge, extending the area of bare sand inland. Access to the area is easy and attracts tourism. A distinctive feature of the area are ‘boulder beaches’ either as pocket beaches or adjacent to eroding cliffs. The dune area consists of an elongated ridge at the southern edge of the area which backs the shoreline for some 250 m. In 1993, the Argyll Conservation Volunteers commenced planting of marram grass (Ammophila arenaria) which has slowed down the 
erosion rate and the Mull and Iona Community Trust help manage the area. The 250 m beach wide is composed of fine (3.5 Ø), white sand which has a distinct kelp strandline. Perennial grasses such as lyme-grass (Leymus arenarius) have colonised backshore areas and embryo dunes are common
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	Figure 2: VI/PM ratios of selected dune systems


II. High Management Response: Low Vulnerability   

Culzean: VI/PM ratio 0.5 (Figs. 2 and 3)  

This very small (3.4 ha) bay dune site of which about half are mobile dunes, the rest being represented by the beach above MHWM, is encompassed by cliffs which limit vegetated sand extent and it has a boulder rip-rap wall (1-3 m high) to the south. The site has an exposed westerly fetch to Kintyre. Sand supply is poor and the proximity of cliffs limits vegetated sand to a very narrow strip, part of which has mature broad-leaved woodland. These dunes are important as habitats for invertebrates. The coastline, mainly Lower Devonian rocks, is characterized by steep-sided gulleys/cliffs backed by grassland. Grassland and bracken (Pteridium aquilinum) occur on the exposed beach beneath cliffs and small patches of dry heath dominated by heather (Calluna vulgaris) and crowberry (Empetrum nigrum) may be found. The dunes are vestigial with marram (Ammophilia arenaria), lyme-grass (Leymus arenarius), sea radish (Raphanus maritimus) and Scots lovage (Ligusticum scoticum). Acer pseudoplatanus woodland is found to the rear of the dunes.

West Voe of Sumburgh: VI/PM ratio 0.7 (Figs. 2 and 3)

This is part of a larger dune complex (total area of windblown sand above the beach is 148 ha) extending from Sumburgh to the Pool of Virkie, situated at the southern tip of Shetland. Behind the dunes, a sand cover marks where Sumburgh airport has been constructed, covering about 50 ha and extensive protection measures to combat erosion (large rock seawalls and rubble hardcore were used for runways) and wind-blown sand have changed not only the shoreline position but the environment in general. West Voe consists of a long white sand beach backed by dunes with easy access, and is the main west coast bay dune system. It is exposed to a long Atlantic SW fetch and exhibits excellent accretional conditions for dune formation, with foredunes reaching 6 m in height. Pasture and arable land occur behind the dunes and, given the impact of large scale construction activity, nature conservation interest is adequate.

III. Systems in Management Equilibrium

Calgary Bay: VI/PM ratio 1.1 (Figs. 2 and 3)  


This 5 ha site is situated at the head of a small Mull small sea loch (50% dune and machair) and in 1986 was designated a Site of Special Scientific Interest (SSSI).   The white beach sediment has 50% carbonate content. Change is evident within the system as wave action has considerably removed the windward slope and the upper surface has seen deflation and rabbit burrowing so the feature represents a late stage in the succession from dune accumulation to an end stage of a machair of low altitude and regular surface. As a result of backshore deposition, embryo dunes are common. In the south east, a stream entering the system has caused erosion and gabions were emplaced in 1972 to combat this. Previously, Agropyron and Ammophila colonised the backshore, and the latter has proved a very effective stabilising agent, but some undercutting still occurs. Fences and boardwalks have been introduced to redirect visitors and to surround planted areas, and four footpaths lead to the beach. Access is via a B grade road and high usage occurs, as the beach car park (about 15 cars) is adjacent. No grazing is allowed in summer and it is managed by a local group (Friends of Calgary Bay) who have ‘adopted the beach’ aided by a Ranger Service and the Forestry Commission.
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     Torrs Warren:  General view                                                                          Ardanalish: Beach and dunes
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     Calgary:  Buried sand fencing                                                                          Calgary: Beach and marram 
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       Fidden: Machair and undercutting                                                                   Fidden: Vigorous marram growth

  


Figure 3: Four of the study sites: Fidden, Calgary, Ardalanish and Torrs Warren.

	


Torrs Warren: VI/PM ratio 0.9 (Figs. 2 and 3)

Torrs Warren (SAC/SPA/Ramsar/SSSI) encompasses the largest and most complex beach/dune system (Luce Bay) in southern Scotland and is a large part of this much bigger complex (1214 ha) which has formed behind 11 km of beaches. It has a south-easterly fetch to the Cumbrian coast and is owned by the Ministry of Defence. Military operations have damaged some dune habitat, but are more likely to have protected it from greater damage by other land uses. Coniferous forest occurs to the north with game shooting. The southern end of the site is in private ownership and is farmed, as well as having residential development or caravan sites. The dune types consist of a complex mosaic of dune habitats, mainly acidic dune heath with slacks, some dune grassland and small forestry, and it is outstanding for its geological, botanical, entomological and ornithological interests. It is a preeminent example of the northern variant of embryonic shifting dunes, with lyme-grass (Leymus arenarius) being the dominant species. The low featured dune front length and inaccessibility ensures a well demarcated zone of embryonic shifting dune vegetation. The seaward fixed dune edge is dominated by lyme-grass followed by marram (Ammophila arenaria). Morphologically, accretion and erosion in the foredunes are just in equilibrium, but some moving dunes occur along the shoreline (Doarks et al., 1990). It is a complex system as the dunes are basically undisturbed and free from domestic livestock grazing, which has produced a relatively stable vegetation community as a result of long term successions being developed. As seen from Fig. 2, it is a borderline site for this category.

CONCLUSIONS

The forcing functions on the coastal zone are a rising residential and tourist population pressure, in addition to military, commercial and industrial development. Dune resources in the medium term are finite and sustainable management of these resources is of strategic importance for social and economic development.  Society should recognise that management strategies and techniques to maintain the integrity of dune systems are of modest cost in comparison to the inherent value of the dunes which is are sub-sets of the coastal system. A balance must be established between broad-scale management (national, regional) with targeted local management. Extensive, cost effective monitoring of dune systems (as an exemplar for coastal zone monitoring) is possible, desirable and easily disseminated.  

This study has shown that of the eleven Scottish sites, three are in management equilibrium between vulnerability and protection (Sands of Meal, Calgary Bay and Torrs Warren).  Three sites (West Voe, Gaineamh Mhor and Culzean) are out of equilibrium (positive) and have low vulnerability owing to a high management response (i.e. they are highly protected). However, five sites (Sands of Breckon, Quendale, Fidden, Ardalanish and Machrihanish) are out of equilibrium (negative) and are thus of high vulnerability owing to their under-protection (i.e. low management response). It is suggested that the structured checklist approach thus improves the levels of objectivity in the vulnerability assessment of sand dune systems and provides a useful basis for proactive management of these important coastal environments. Furthermore, the indices derived by this method allow coastal zone managers to readily assess changes at a site through time and to compare dune sites on a regional scale. 
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