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1 [bookmark: _Toc95313529]Introduction

The area of study is the south east aspect of the Llansteffan peninsula. It is delineated in red on Figure 1.1 below, and shown in more detail in Fig 1.2. Llansteffan is located at the mouth of the river Tywi and is mainly rural in nature. Llansteffan is approximately 9 miles south of Carmarthen, where the river opens into Carmarthen Bay, along with the Rivers Taf and Gwendraeth. This is  known as the Three Rivers Estuary (Bristow and Pile, 2003) and is a result of changes in sea-level over thousands of years, causing the flooding of these river valleys. The Tywi is in effect a ria or coastal plain estuary (Natural Resources Wales, 2018).
The characteristics of the area have been shaped over time through geological, coastal, fluvioglacial, and fluvial processes, all of which contribute to the dynamic environment that it is today. Human activity has also influenced the area, for example, through tourism, rural industry, and residential development.
For information, the beach front north of the castle is known as The Green and the bay to the west of the castle is Scotts Bay.
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[bookmark: _Toc95080130][bookmark: _Toc95080202][bookmark: _Toc95080267][bookmark: _Toc95080340][bookmark: _Hlk95080636]Figure 1.1: Aerial view of the Three Rivers Estuary © online OS map 2022
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[bookmark: _Toc95080131][bookmark: _Hlk95080246]Figure 1.2: Aerial view of Llansteffan showing beach areas and mouth of Tywi ©online OS map 2022
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[bookmark: _Toc95080132][bookmark: _Toc95080203][bookmark: _Toc95080268][bookmark: _Toc95080341]Figure 1.3: A locals guide to Llansteffan castle/OS GetOutside © OS 2022
2 [bookmark: _Toc95037974][bookmark: _Toc95313530]Geology
The features of the local landscape have been determined by the geological sequence of strata in the area and climatic circumstances affecting the environment.  
2.1 [bookmark: _Toc95037975][bookmark: _Toc95313531] Paleozoic era (408-360 million years ago)
The southern-most area of the Llansteffan peninsula is predominantly made up of sedimentary rocks of the Upper Paleozoic era within the Devonian period. These rocks were formed following the uplift of land and the laying down of freshwater river and floodplain deposits (George, 1970).  The presence of calcrete paleosols indicates that this area would have been in a sub-tropical, semi-arid climate south of the equator at this time (Owen, 1996), before the movement of the land through plate tectonics. Along the coast line the stratigraphy can be observed in the form of layers of different sandstones, most notably Old Red Sandstone, that are frequently folded as a result of earth movements along the Towy anticline during the Paleozoic era (George, 1970).
 Of note is the Llandyfaelog disturbance seen as a white line crossing the peninsula in figure 2.1 originating to the east and can be seen as a Carboniferous outlier at Carreg Cennen (George, 1970).
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Description automatically generated][bookmark: _Hlk95080735]Figure 2.1: Map indicating areas of Old Red Sandstone in pink from Geological Survey of England and Wales-Ordnance Survey Office 1910
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Figure 2.2: Inclined strata of different sandstones with vegetation above
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Description automatically generated][bookmark: _Hlk95080799][bookmark: _Hlk95080800]Figure 2.3: Sedimentary layers of red sandstone, weathering, and presence of lichen
















2.2 [bookmark: _Toc95037976][bookmark: _Toc95313532] Cenozoic era (65.5 million years before present (BP)

2.2.1 [bookmark: _Toc95313533]Pleistocene age (1.6 million – 10,000 years BP) (Quaternary period)
There is no stratigraphic evidence from other periods in this area until the Pleistocene age, when Wales would have been covered in ice sheet. This may be due to the denuding of the area through glaciation, the last of which was the Devensian glaciation whose margins were in this region (George, 1970). Bristow and Pile (2003) state that the estuary valleys were originally fluvial but transformed through the effects of glaciation which would have deepened the valleys and then deposited till in the form of boulder clay, sands, gravels, and erratics.  The presence of standing stones marked on local maps in Welsh, for example, ‘Maen Melyn’ (Yellow stone) and Maen Llwyd (Grey stone), may also indicate the presence of erratics.   Sea level at this time would have been much further south, and with the retreat of the glacier, periglacial features would have influenced the landscape. 
Cliffs would also have been subject  to sub-aerial erosion, and variations in sea level throughout the ice ages of the Quaternary period would also create features such as wave cut platforms which can be seen in the area.
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[bookmark: _Toc95080133][bookmark: _Toc95080204][bookmark: _Toc95080269][bookmark: _Toc95080342]Figure 2.4: Boulder clay over bed rock
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Description automatically generated with low confidence][bookmark: _Hlk95080880][bookmark: _Hlk95080881]Figure 2.5: Close-up of boulder clay showing unsorted till - note 20p piece for reference (two thirds up, centre)
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Figure 2.6: Possible erratics on hillside-composition would need to be determined to confirm this

 


   


2.2.2 [bookmark: _Toc95313534]Holocene (10,000 years BP) (Quaternary period)
As the ice age came to an end, sea levels would have risen flooding existing deltas and river valleys, resulting in the movement and deposit of material. In the case of the Three Rivers Estuaries, the landscape is subject to more recent influence. Tidal movement has resulted in the formation of sand bars and banks, providing protection for the lower river from the full force of the sea. Similarly, fluvial sediment is brought down river to the estuary with the formation of marshes, areas of vegetation and mudflats providing habitats for bivalve molluscs, invertebrates, wading birds and wildfowl. The influence of the sea has more effect on the movement of deposits within the estuary than the fluvial sediments from the river (Natural Resources Wales, 2018) and accretion of sand deposits along the beach has been observed by the author over the last three decades-see figure 2.7 below where the rocks in the foreground in left photo are no longer visible in the right.
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[bookmark: _Hlk95080951]Figure 2.7: Photo from 1990 (Countryside Council for Wales) compared to present day.


3 Fluvial features
The profile of the Tywi estuary varies in nature depending on the sediment, ranging from sand to gently sloping mudflats, steeper sloping banks, and creeks. All are subject to different currents, river flow affecting sedimentation and erosion rates, and aerial influences. Whether the location is above the high tide mark, or intertidal will also be relevant to the habitat created, the highest tides reaching the dune area, and the tide draining right back to the river at low tide. Habitats have been produced because of the geology of the area and its estuarine features. Similarly, the gradient of water salinity depending on the level of the tide is  likely to affect the species inhabiting the estuary, as might the salt in the air and substrate for terrestrial species. 
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[bookmark: _Hlk95080985]Figure 3.1: View from the castle (constructed of sandstone) up river, Tywi can be seen meandering down alongside the beach and castle
            

[image: A picture containing outdoor, sky, nature, shore

Description automatically generated]
Figure 3.2: The main river channel and tributaries crossing fluvial mud and reworking fluvioglacial sands- tide out
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[image: A picture containing outdoor, ground, sky, beach

Description automatically generated]
[bookmark: _Toc95080134][bookmark: _Toc95080205][bookmark: _Toc95080270][bookmark: _Toc95080343]Figure 3.4: Sedimentary layers of mud


Mudflats surround the steep-sided river channel and tributaries, consisting of sedimentary layers of alluvial silt and mud. This provides habitat for invertebrates and bivalve molluscs, which in turn feed a range of bird species particularly waders such as the oystercatcher, and curlew. The dynamic environment means that mudflats can be covered by sand and then periodically exposed. 
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[bookmark: _Toc95080135][bookmark: _Toc95080206][bookmark: _Toc95080271][bookmark: _Toc95080344][bookmark: _Hlk95081435][bookmark: _Hlk95162305]Figure 3.5: Mudflat with exposed bed of Sand gaper (Mya arenaria) shellfish 
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Figure 3.6: Sketch showing different aspects of the beach known as the Green (not to scale)

4 [bookmark: _Toc95313535]Dunes
Figures 4.1 and 4.2 demonstrate the changes over the last 60 years where the sand was almost continuous up to the road passing beachfront houses built at low elevation in relation to the high tide mark ( base of the dunes). 
[image: See the source image]
[bookmark: _Hlk95081490]Figure 4.1: The Green pre-coastal defence. Available at https://www.llansteffan.com/history
[image: See the source image]
[bookmark: _Hlk95081523]Figure 4.2: Present day with coastal defence. Available at https://www.llansteffan.com/llansteffan-beach

The dunes are generally primary in nature and subject to erosion particularly during storms and high tides. Behind the primary dune the area has become stable through the growth of vegetation including shrubs and trees, such as alder.
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[bookmark: _Hlk95081602][bookmark: _Hlk95081670]Figure 4.3: Front of dune formation                              Figure 4.4: From back of dune formation  
The sand dunes are likely overlie fluvio-glacial boulder clay so that during periods of wet weather the rainwater is unable to drain rapidly, forming areas of bog.
There is an area of land behind the houses on the beach front which was previously freshwater marsh land but was drained about 50 years ago to provide recreation land. This may have been the result of a post-glacial depression in the landscape. A natural channel as well as engineering works in the form of a pumping station and drainage pipes provide ongoing drainage. This, with winds creating longshore drift, also influence the distribution of sand.

5 [bookmark: _Toc95037979][bookmark: _Toc95313536]Slopes
Slopes are present in the area because of the geology, occurring throughout the undulating landscape and at the coastal edges. Areas which show evidence of slope failure including:
a) (Figure 5.1) Rock fall will occur along the cliff edges due to weathering, aerial and/or water penetrating cracks and fissures, the recency of which can be distinguished by change in coloration of the cliff. The fallen rock will have sharper, angular edges as opposed to rock weathered by the sea which has smoother, rounded edges. See centre of photo in red sandstone. Note the mixture in colours and shapes of other rocks at various stages of weathering.
b) (Figure 5.2) Soil creep where vegetation and trees have moved down the sides of cliffs, and trees may be at an angle. Accumulations of cockles (Cerastoderma edule), which when live are found in fine sand beds, can be seen at base of the cliff. The size of tree trunks could give an indicator of rate of creep.
c) (Figure 5.3) Land has moved slowly over long periods of time possibly forming terracettes,  notice leaning trees – this area is possibly where the Llandyfaelog disturbance is located. However, earthworks from a medieval settlement in this area may be responsible for mounds (Dyfed Archeological Trust, 2022a) therefore further confirmation is needed.
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Figure 5.1: Recent rockfall of red sandstone


[bookmark: _Toc95052761]          Figure 5.2: Soil creep where a tree is almost perpendicular to the slope. Note accumulations of cockles at base of cliff left after ebb of tide and possibly obstructed by intervening rocks
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Figure 5.3: Possible terracette formed by soil creep 

6 [bookmark: _Toc95313537]Topography, climate, and soil 
The landscape is gently undulating and low lying, the highest hills being about 100-130m. The observed friable nature of weathered red sandstone may provide some indication as to how it would have been eroded by glacial action. While the Tywi carves out the main river valley, hills are also intersected by streams and tributaries leading to the river. The Tywi originates in the Cambrian mountains and has a large catchment area with high rainfall, which decreases as it nears the coastal areas (Countryside Council for Wales, 2008)
The Devonian sandstone contributes inorganic minerals to the soil, which has low fertility and is acid in nature. The soil is red, from the oxidation of iron, and loamy, consisting of a mix of sand, silt and clay particles appearing to be dominated more by its geology than vegetation. The habitats that this produces are pastures, deciduous wood, and acid communities such as bracken and gorse on upland areas, all of which are typical of this area and influenced by elevation and orientation. Deciduous woodlands along the clifftops include hazel, blackthorn, ash, and beech.
The soil is free draining with a large storage capacity for water, however it is laid over hard impermeable rock with no storage capacity (National Soil Resources Institute (NSRI), 2022). This will have implications for the run off of groundwater. As the soil is also deemed to have intermediate leaching potential, this has implications in the potential for pollutants reaching the watercourses (NSRI, 2022), particularly as this is a predominantly agricultural area.
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[bookmark: _Toc95037981]Figure 6.1: Exposed soil under agricultural pasture – red boulder clay, slightly darker towards surface where more humic

7 [bookmark: _Toc95313538]Anthropogenic activity
7.1 [bookmark: _Toc95037982][bookmark: _Toc95313539]History
Llansteffan’s history dates to Roman times when Carmarthen, was considered an important port and a centre for trade. Llansteffan itself was deemed a port in late Medieval times (Dyfed Archeological Trust, 2022a). Pilgrims would have passed through on their way to St David’s as there was a ferry crossing the Tywi and Taf to Laugharne. It has also been of strategic importance, evidenced by the presence of fortification.
This was a predominantly agricultural area, where fishing, cockling and marine trading was also carried out (Llansteffan Tourism Association, 2016).
The ferries were in existence up until the 1950’s bringing tourists travelling to Ferryside by train, from when it was superseded by road travel (Llansteffan Tourism Association, 2016). The seawall and railway track built along the Ferryside coast also affects the migration of the estuary and associated habitats (Bullimore, 2014). 
Buildings in the area, for example the castle, church older houses  and stone walls are made of sandstone.
Llansteffan was a thriving village in the 19th century with many shops, businesses, and public houses.  Prior to this there is evidence of lime kilns in the area, as shown in Turner’s painting below which was apparently quarried from limestone exposures on the west side of the Llansteffan peninsula (Dyfed Archaeological Trust, 2022b). Lime may have been used for improving agricultural land as well as construction. 
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Description automatically generated][bookmark: _Toc95080136][bookmark: _Toc95080207][bookmark: _Toc95080272][bookmark: _Toc95080345]Figure 7.1: Llanstephan Castle by Moonlight, with a Kiln in the Foreground', Joseph Mallord William Turner, c1795 I Tate












7.2 [bookmark: _Toc95037983][bookmark: _Toc95313540] Present day
Local rural industry now takes the form of agriculture, commercial collection of cockles, and tourism each having a potential impact on the environment. Agriculture tends to include dairy and livestock, sheep, and growth of maize for ensiling. These can increase sediment in rivers from ground runoff, and increased use of fertilisers and chemical pollutants will affect water quality.  Commercial cockling in the area is regulated by the Welsh Government to protect the welfare of the beds. 
The village is now mainly residential, and employment is largely outside of the village. Large numbers of visitors (and their dogs) are now experienced, particularly on the beach and coastal headland, around which the Wales Coastal Path can be followed. 
The estuary has two boat clubs and is frequented by sailing and motor boats/jets skis which can be responsible for organic hydrocarbon pollutants, noise pollution and interference with wild life. Tourism could result in degradation of habitats and increase in pollution if not well managed.

7 [bookmark: _Toc95037984][bookmark: _Toc95313541]Environmental Conservation
7.1 [bookmark: _Toc95313542] Conservation Status
Llansteffan, due to its beauty, features of natural interest, and position on the Tywi estuary, falls within a number of designated areas under the Conservation of Habitats and Species Regulations 2017 for the protection of specific habitats and species (Natural Resources Wales, 2018). These designations include:
· European Marine Site 
· Special Area of Conservation
· Special Protection Area 
While not all habitats included in the designated areas may be specific to Llansteffan itself, as previously mentioned, those that can be found are mudflats and sandflats not covered by sea water at low tides, and large shallow bays - overall a dynamic environment much of which is not always manageable except by ensuring that it is not influenced by for example, hard sea defences and development.  These habitats create an ecosystem in which a diversity of species live and requires protection.

7.2 [bookmark: _Toc95313543] Conservation and geology
Creigiau (Welsh for ‘rocks’) Llansteffan is a Site of Special Scientific Interest for its special feature of ‘Devonian sedimentary rocks exposed in coastal cliffs and adjacent wave-cut platforms (foreshore exposures)’ (Countryside Council for Wales, 1990). In the interests of being able to continue to study the geology, any intervention to slow the weathering process would not be allowed, as would the extraction of materials. Continued weathering ensures new exposures are made visible and can create new opportunities for vegetation. As there is a coastal path along the top of the cliff which could contribute to erosion this may require monitoring, also from a safety perspective.

7.3 [bookmark: _Toc95313544] Conservation and the estuary biota
Littoral species in this area are evolved to live in the variety of habitats to be found in an estuary, ranging from mud to sand, rocks, high and low energy systems, and varying salinity. As well as molluscs and invertebrates, there are crustacea such as barnacles, and seaweeds to be found (figures 8.1 and 8.2), all of which are susceptible to environmental changes.
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[bookmark: _Hlk95210842]Figure 8.1 Rocky bed, possibly sea weathered glacial, shells and seaweed







[image: ]
[bookmark: _Hlk95210905] Figure 8.2: Red sandstone covered with barnacles possibly (chthamalus stellatus) and periwinkles (littorina littorea)
Commercial cockling is an ongoing concern and is regulated by the Welsh government Marine and Fisheries Division (Natural Resources Wales, 2018) which controls the amount collected, where and when. Bird populations are dependent on a sufficient supply of bivalve molluscs for their diet. Over recent years there have been mass cockle mortalities, the cause of which is largely unknown (Bullimore, 2014). Close monitoring of cockle populations and the conduct of operators would be required in any conservation plan.

7.4 [bookmark: _Toc95313545] Conservation and dunes
As discussed, the area of beach along the Green has transformed over the last 60 years, possibly related to the introduction of a coastal defence. This affects the variety and abundance of species to be found, particularly those that require open sand (First Nature, 2022). While visitors to the beach create tracks through vegetation exposing some of the sand, a decision would be needed as to how this area should be managed if conservation of a mobile dune system is to be encouraged.
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[bookmark: _Hlk95232696] Figure 8.3: Sea holly (eryngium maritimum)
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[bookmark: _Hlk95232740]Figure 8.4:  Beach evening primrose (camissoniopsis cheiranthifolia)
This area, in conjunction with the drainage of the marsh to the rear of the beachfront properties become more of an issue for conservation as sea levels rise.


7.5 [bookmark: _Toc95313546] Conservation and pollution
The water quality of the Tywi estuary was not readily available, however the Countryside Council for Wales (2008) identified that agricultural run-off constituted one of the main sources of pollution which correlates with information on the local soil type. 
Other forms of pollution include maritime pollution, historical oil spill (see Figure 8.5), plastics, increased traffic due to visitors, and noise pollution from river craft. Problematically for addressing this issue, pollution does not always originate within the local area. A conservation plan for this area would require close interagency working, even extending up river.
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Description automatically generated]Figure 8.5: What look like pebbles, when broken up looks like oil









8 [bookmark: _Toc95313547][bookmark: _Toc95037985]Conclusion
This area of the Tywi estuary through its formation over millions of years to the present day, is an important area for conservation, as indicated by the designations its designations. The very reasons for its importance also make it vulnerable to the impact of both natural influences, and anthropogenic activity, including climate change.
 As stated by Bullimore (2014), public awareness of these issues is often limited, and the importance of estuaries, especially mudflats is not always popular. Also, activities within these areas can be clandestine, tend to be poorly recorded, and resources for monitoring limited (Bullimore, 2014). 
The complexity of such an ecosystem requires a holistic, collaborative, interagency approach for conservation management with clarity of roles and responsibilities.
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Video-link for walk around selected area of Llansteffan
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