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Abstract 
Morphology of the Loughros More estuary has changed considerably over the last 160 years. 
Northward migration of the ebb channel within the inlet has resulted in the extensive erosion 
and retreat of the Magheramore dune system, and the associated development of two prograda-
tional supratidal systems within the estuarine environment.  It is estimated that an area of ~ 
0.4km2 of dune has been eroded from Magheramore as a direct consequence of channel migra-
tion, with further loss as a result of storm-induced surface deterioration. 
Soil horizons and archaeological finds throughout the dunes also point to the dynamicity of the 
system during the late-Holocene.  Over a shorter time-scale, the system exhibits equally signif-
icant scales of change.  The sediment budget of the littoral cell is in relative equilibrium, alt-
hough considerable redistribution of sediment occurs within the cell.  The current trends in 
morphological behaviour suggest that the Magheramore system could be breached within 20 
years.  This would expose a large, protected freshwater wetland to saline intrusion and marine 
processes. 

 
1. INTRODUCTION 

Sandy depositional systems within coastal envi-
ronments are fundamentally dynamic, where 
shifts in morphology and configuration are asso-
ciated with changes in hydrodynamics and sedi-
ment supply.   

This dynamic behaviour has forced the use of 
protection and defence measures on many devel-
oped coastlines.  However, undeveloped coast-
lines such as north-west Ireland, can often pro-
vide an important insight into the intrinsic behav-
iour and response to natural forcing factors. 

This is particularly important when considering 
the impacts of climate change on coastal sedimen-
tary systems.  Climatic influences are still not 
fully understood, primarily due to the lack, or 
inadequate timing, of historical data and the con-
straints of continuous monitoring. 

This paper will address the morphological evo-
lution of the Loughros More system, with particu-
lar focus on the behaviour of inlet deposits.  The 
system will be considered within a geomorphic 
context, but the dynamic nature of coastal envi-
ronments with respect to their ecological im-
portance will also be addressed. 
2. ENVIRONMENTAL SETTING 

The Loughros More estuary is situated on the 
west coast of County Donegal, north-west Ireland 
(Figure 1).  This coastline has a notably indented 
physiography, controlled primarily by regional 
geological structures and glacial modification.  
Thus, a plethora of sand-filled inlets, estuaries 
and embayments are present, isolated by interven-
ing bedrock headlands and peninsulas.  West 
Donegal coastal systems are inherently dynamic, 
particularly at inlet regions, which are typically 

bound by dune and/or bedrock margins.  
Loughros More is a prime example of such a 
system.   

The west coast climate is generally high energy 
due to its’ exposure to the north-east Atlantic.  
Average wind speeds are ~ 8ms-1, and are pre-
dominately from the south to west quadrant.  
Higher energy events are common: wind data 
(1956-1998) for north Donegal indicates that 
periods of strong winds (>13ms-1) sustained for 
>10 hours occur, on average, 37 times a year. 

The offshore wave climate is dominated by 
westerly swell, with an annual (1982-1988) aver-
age wave height of 3.75m (Bacon & Carter 1991).  
The tidal regime of the mid-west Donegal coast 
can be termed meso-tidal, with a mean spring tide 
range of 3.5m.  Historical changes in sea level are 
negligible. 

 
Figure 1: Environmental setting of the Loughros More 
estuarine system. 
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This region of Donegal is important, both geo-
morphologically and ecologically, and as a con-
sequence the coastal zone is almost entirely des-
ignated as Special Areas of Conservation (SAC) 
(Figure 1).  The Loughros More estuary is cov-
ered by the ‘West of Ardara/Maas Road’ SAC, 
designated for its habitat diversity and the pres-
ence of several rare species listed under Annex II 
of the Habitats Directive (Dúchas 1997).  The 
system also comprises a number of the habitats 
defined under Annex I of the Habitats Directive. 

Approximately 49km2 of the intertidal and 
drainage basin area of the Loughros More system 
is also covered by Special Protection Area (SPA) 
designations.  The Sheskinmore Lough SPA 
(9.4km2), at the mouth of the estuary, comprises 
the Sheskinmore Lough wetland region, Ma-
gheramore dune system and the intertidal inlet of 
Loughros More.  Inland, the Lough Nillan Bog 
SPA is a predominately blanket bog environment.  
The Sheskinmore Lough SPA principally recog-
nises the international importance  of wintering 
white-fronted and barnacle geese (Annex I of the 
EU Birds Directive).   
3. METHODS 

Configuration and morphology of the Loughros 
More system was examined using historical maps 
and aerial photographs.  Ordnance Survey of Ire-
land maps (1:10560) from 1835 and 1907, and 
aerial photographs from 1951, 1977 and 1995, 
were rectified and digitised using a GIS (ESRI 
ArcView).  High and low water marks were ex-
tracted from the maps and photos to provide a 
time series of inlet morphology. 

Recent aerial photographs (1994 and 1995) 
were used with supporting field observations to 
differentiate and delineate contemporary morpho-
logical boundaries and sedimentary environments. 
4. RESULTS & DISCUSSION 
4.1 Morphology and Sedimentary Environments 

The Loughros More catchment covers 207km2 
of low lying land (<100m above mean sea level), 
and contains a large number of small loughs and 
blanket bogs.  The Owenea and Owentocker are 
the main rivers that drain into Loughros More: 
small confined saltmarshes are present where 
freshwater enters the estuarine system. 

The high water shoreline of Loughros More is 
primarily bedrock, with the exception of the inlet, 
where a large (>2km2), well established dune 
system (Magheramore) comprises the northern 
margin of the estuary mouth (Figure 2).  This 
system is bound to the south-west by a pelite 
bedrock headland, and to the west by Tramore 
beach.  Tramore is a wide (300m at low tide) surf 
dominated planar beach, which is dissipative in 
character.  The beach is backed by a narrow su-
pratidal zone, before a transition into a similar 
sized area of low level embryo dunes.  The shift 
from young foredunes to the established dunes of 

Magheramore is represented by a low, but abrupt, 
dune scarp. 

The surface of the Magheramore dune field is 
covered in remnants of westerly and south-
westerly trending blowouts, which exhibit vary-
ing degrees of activity.  Dune front erosion on the 
estuarine margin has reactivated some blowouts 
whilst others show signs of vegetative re-
colonisation.  To the east, the system comprises 
two defined dune ridges fronted by foredunes.  
Dune height here is considerably lower than the 
majority of Magheramore.  The dunes are delim-
ited to the east by a small stream draining 
Sheskinmore Lough. 

 
Figure 2: Sedimentary environments of the Loughros 
More inlet. 

On the southern margin, foredunes occupy the 
foot of the adjacent farmland and grade north-
wards into a small supratidal flat.  Further transi-
tion into intertidal flat is relatively indistinct, with 
variable overlap between low tide aeolian pro-
cesses and high tide overwash zones.  The inter-
tidal area of this sand flat covers >1km2 and its’ 
sedimentary character is variable.  The western 
aspect is a firm, planar beach environment, repre-
senting wave-dominance: the eastern aspect is 
steeper and characterised by drainage rills per-
pendicular to the channel, indicative of channel 
edge morphology. 

North-east of Magheramore, Sheskinmore 
Lough occupies a closed, backbarrier environ-
ment.  The freshwater lake is surrounded by an 
extensive wetland system, dominated by Phrag-
mites marsh: the wetland grades into machair 
grassland which borders Magheramore. 
4.2 Morphological Evolution 
4.2.1 Late Holocene 

The geomorphological character of the west 
Donegal coast can be directly attributed to shore-
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line response to post-glacial sea level changes 
throughout the Holocene.  Marine transgression 
12000-6000 years BP facilitated the large scale 
onshore transport of glacigenic shelf deposits, 
initially in the form of gravel barriers (Carter & 
Wilson 1993).  Subsequently, sea levels fell 
slightly, which allowed transport and accumula-
tion of sand, followed by extensive growth of 
coastal dune systems (Carter & Wilson 1991).  It 
is thought that these systems were semi-stable ~ 
4000 years BP and promoted the development of 
relatively sheltered backbarrier environments.  
The Magheramore dune system at the mouth of 
Loughros More is likely to have evolved in this 
way, although it is clear that post-emplacement 
dune and barrier dynamics were instrumental in 
the further evolution of the system. 

Shaw (1985) suggested that the late-Holocene 
estuarine systems of Donegal were more exten-
sive than their modern day equivalents.  Pal-
aeostratigraphical evidence from the wetlands 
north-east of Magheramore revealed herbaceous 
peat overlying marine sand, suggesting that 
Sheskinmore Lough was previously open to tidal 
influence (Shaw 1985).  Furthermore, dating of 
the basal peat indicated that the transition from 
marine to freshwater occurred ~ 1000 years BP, 
when it is postulated that dune instabilities and 
sand re-distribution prompted the ‘closure’ of the 
Sheskinmore branch of Loughros More and initi-
ated a switch towards the freshwater lake and 
wetland environment that exists today (Shaw & 
Carter 1994).   

Archaeological records at Magheramore also 
imply large-scale post-emplacement dune activi-
ty.  Middens and charcoal can be observed >10m 
below the contemporary dune surface, and recent 
activity has exposed Bronze Age (3500-4000 
years BP) and Medieval (5th-15th Centuries) arte-
facts (O’Floinn 1995).  The site is considered to 
represent a series of temporary occupations, in-
dicative of a hostile location, where exposure to 
prevailing stormy conditions, and associated mo-
bility of dunes, throughout historical and pre-
historical ages, precluded long-term occupation of 
the site (Brunicardi 1914). 
4.2.2 Historical 

Historical changes in the configuration of the 
Loughros More inlet (Figure 3) indicate a signifi-
cant displacement in ebb channel position.  The 
earliest map evidence (1835) of morphology 
shows the low tide ebb channel occupying a posi-
tion close to the bedrock shoreline of the southern 
margin.  Within the inlet, the meander of the ebb 
channel is slightly detached from a continuous 
rocky shore: the channel divides around a small 
inter-tidal shoal at this point.  At the estuary 
mouth, a large inter-tidal bar extends from the 
northern margin, confining the ebb channel to an 

exit position close against the southern rocky 
margin. 

 
Figure 3: Change in inlet configuration between 1835 
and 1995 (base map: 1995). 

The contemporary (1995) morphology of the 
system indicates that the ebb channel course 
through the inlet now occupies a position once 
held by a significant portion of the Magheramore 
dune system.  This equates to a northward shift in 
the position of the ebb channel of 650m, resulting 
in 500m of erosion into the Magheramore dunes 
(reducing the breadth of the dunes to half its 1835 
extent), and 650m progradation of inter- and su-
pratidal shoals from the southern margin.   

To the east of Magheramore, dune ridges have 
prograded 350m south-eastwards across the inter-
tidal flats since 1835.  To the west, at Tramore, 
the high water mark has shifted 70m landwards, 
which is also represented by an erosional scarp in 
the dune front. 

A time series of ebb channel migration and as-
sociated changes in morphology (Figure 4 & 5) 
shows that the shifts in configuration occurred in 
the latter half of the 20th Century.  Furthermore, 
movement is taking place at an accelerating rate, 
with the most significant shifts having occurred 
over the last 20 years.  This is particularly true of 
sites 1 and 2, although the major retreat of the 
Tramore environment  (Site 3: Figure 4) took 
place between 1907 and 1951. 

The changes in shoreline position point to an 
initiation of change at some point in the first half 
of the 20th Century.  The 1951 aerial photograph 
reveals a notably denuded dune surface, covered 
in blowouts and a veneer of wind blown sand. 
This indicates that Magheramore experienced 
significant destabilisation during the 1907-1951 
period.  The dune front at Tramore was set back 
by 130m during this time, which equates to a 
recession rate of almost 3myr-1. 
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Figure 4: Migration of the Magheramore dune front 
over the 1835-1995 period (site numbers refer to those 
included in Figure 5). 
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Figure 5: Erosion and accretion of specific dune fronts 
within the Loughros More system (sites located in Fig-
ure 4). 

Open coast dune front erosion, in the absence 
of sea level rise, is indicative of positive surges 
and high energy wave attack (Carter & Stone 
1995).  In contrast, dune surface deflation is at-
tributed to high energy wind events, recreation or 
grazing pressures.  Quinn (1977) suggested that 
rabbit grazing was a primary cause of destabilisa-
tion, although anecdotal reports, which indicate 
that rabbit populations had been controlled in the 
early to mid 20th Century by infection with the 
myxomatosis virus, would refute this.  Recreation 
pressure is equally doubtful as Donegal experi-
enced a mass emigration during the late 19th and 
early 20th Century (Freeman 1940), and the 1951 
aerial photograph is devoid of the standard signs 
of human pressure (e.g. path erosion, intensive 
agriculture).  It is more likely that the 1907-1951 
deterioration in dune character and Tramore dune 
front erosion, was a result of a notably high ener-
gy event or series of events, possibly in the form 
of a low pressure system, with which high energy 
winds, waves and surges would be associated. 

Since 1951, the Tramore dune front has partly 
recovered, and is now fronted by a 50m wide 
embryo dune zone.  This, in addition to the partial 
re-vegetation of the Magheramore dune surface, 
implies that climate forcing levels which were 
responsible for destabilisation have not been ex-
perienced since.  Wind climate on the north-west 
coast of Ireland was not recorded prior to 1956, 
and although isolated storm episodes between 
1907 and 1951 are documented (e.g. Lamb 1991), 
it is tenuous to draw any direct association.  
Elsewhere on the west Donegal coast, significant 
changes in dune character between 1907 and 1951 
have been identified (Burningham 1999).  In ad-
dition, Orford et al. (1999) show a significantly 
denuded dune surface in 1949 at Inch Spit, south-
west Ireland, and this degradation appears to have 
taken place sometime between 1894 and 1949.  
Furthermore, erosional trends in dunes on the 
north-west coast of England have been attributed 
to ‘windier than the long-term average’ condi-
tions in the early 20th Century, based on local 
weather records (Pye & Neal 1994). 

Whilst it is clear that some changes were initi-
ated between 1907 and 1951, channel migration is 
the driving mechanism of dune front erosion on 
the southerly face of Magheramore.  Channel 
movement appears to have been occurring over a 
longer time scale, albeit significant shifts did not 
take place until the 1951-1995 period.  It is there-
fore possible that the 1907-1951 event(s) causing 
dune erosion and degradation are also responsible 
for triggering intensified channel migration within 
the Loughros More inlet. 

Shifts in channel and inlet positions are gener-
ally associated with longshore drift (e.g. Morang 
1992) or with storm conditions, including coastal 
forcing (e.g. Hume & Herdendorf 1991) and ex-
cessive flooding (e.g. Cooper 1994).  Shaw 
(1984) noted dune mobilisation driven by ebb 
channel migration in the Clonmass estuary (north 
Donegal), whilst more generally in Ireland, Carter 
& Wilson (1991) inferred that estuary mouths are 
instrumental in the redistribution of sediment.  In 
both cases, however, initiation of migration is 
overlooked or uncertain.   

Here, it is proposed that the initial instabilities 
in the dune environment released significant vol-
umes of sediment.  Once integrated into the sys-
tem, this induced a dynamic necessity for channel 
migration.  Sedimentation or estuarine infilling 
often leads to a change from flood to ebb domi-
nance within a system, and an associated increase 
in channel sinuosity (Carter et al. 1992). 

Within Loughros More, differential dune mor-
phology and behaviour can be observed.  At site 
1, channel migration has prompted recessional 
behaviour and a negative sediment budget.  At 
site 2, progradational low level foredune ridges 
represent a positive sediment budget.  The oppos-
ing behaviour at these two sites suggests an im-
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mediate sediment transport link, where sand is 
released from site 1 by the migrating ebb channel 
and deposited toward a landward location (site 2).  
The imbalance in sediment volumes – more sand 
is being removed from site 1 than is being depos-
ited at site 2 – is a likely driving factor in the 
substantial progradation and accretion of the in-
ter- and supratidal flat on the south side of the 
inlet.  At Tramore (site 3), the negligible change 
in shoreline position over the historical scale, and 
erosional followed by accretional behaviour, al-
ludes to a balanced long-term sediment budget. 
4.3 Environmental Considerations 

The morphological changes and erosion experi-
enced by the system are particularly important 
with respect to the Sheskinmore Lough SPA.  The 
continued morphological development of this 
system could introduce conflict in the near future 
for conservation managers.  The SAC and SPA 
designations recognise the significant habitat and 
species diversity that exist within this relatively 
small area.  This includes dune, machair, tidal 
flat, fresh and salt water marsh and fen environ-
ments, all of which have changed at varying rates 
over the last 10’s to 1000’s of years. 

The northward migration of the ebb channel 
could erode through the Magheramore system 
within 20 years if the recent rates of change con-
tinue (Figure 6).  Palaeoenvironments indicate 
that large scale dune mobility has caused abrupt 
shifts in the marine or freshwater status of coastal 
environments in Donegal in the past (Shaw 1985), 
and it is envisaged that similar scales of change 
can and will occur in the near future. 

When considering machair environments in 
Scotland, Angus & Elliott (1992) suggested that 
habitat variety was a positive conservation by-
product of natural cycles of erosion and deposi-
tion.  They also noted that attention must focus on 
the relative importance of dynamic behaviour 
when considering threatened habitats.  The geo-
morphological, ecological and general environ-
mental value of the Loughros More estuary, and 
similar coastal systems in Ireland, is rooted in 
their intrinsic naturalness, where responses to 
natural forcing promote evolution of important 
habitats over timescales of decades to millennia. 

Strategic conservation and management of such 
systems is gradually being informed at the policy 
level, and the problems associated with maintain-
ing a ‘favourable conservation status’, in light of 
natural processes, is receiving recognition (Lee 
2001).  Considerable support is essential to main-
tain the continued monitoring of coastal systems.  
This is necessary to ensure that behaviour in re-
sponse to natural external forcing is more clearly 
understood and disseminated. 
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Figure 6: Positions of dune edge and ebb channel within 
the inlet (considering a transect at site 1), and projected 
future northward migration.  Rates are based on maxi-
mum (poly) trends and minimum (linear) trends be-
tween 1951 and 1995. 
5. CONCLUSIONS 

Dune, machair, intertidal flat and wetland envi-
ronments within the Loughros More system have 
evolved over varying time scales.  Dune erosion 
and ebb channel migration threaten these habitats 
in the short term, but also promote the dynamic 
evolution of new dune and intertidal habitats. 

Recent recognition of important habitats and 
species now imposes conservation values and 
protection guidelines on a system that is inherent-
ly dynamic.  Conflict may arise in the future, 
when natural mobility within the system is por-
trayed as having a negative influence on protected 
habitats. 
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