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[bookmark: _Toc183179972]Introduction
The Mumbles Coastal Protection Project entails the construction of new coastal stabilisation defences along a 1km section of promenade. The sea defences that have been upgraded are a vertical sea wall and sloping revetments. (Mumbles Coastal Prot, 2023) The development is partly based on Building with Nature (BwN) principles (Building with Nature, n.d.), specifically incorporating multilayered complex surface structures needed for diverse marine and coastal settlers to thrive. The ecoengineering results will help guide promotion of biodiversity performance in new green structures. New construction in other areas will depend on the recovery of species after construction. This will involve measuring biodiversity of Mumbles Sea Wall species before (through construction) and after disturbance, as documented by surveying presence and abundance for the species. While exploring the implications if the findings for ecoengineering projects in future around the Welsh coastline (Allan Thomas Williams and Micallef, 2009). 

[bookmark: _Toc183179973]Aims
The main objectives are to be able to comprehend the functioning of coastal and marine systems. Understand current conservation issues affecting the coastline/inshore waters and evaluate coastal defence strategies. Be able to contextualise and demonstrate awareness of the science and practicalities of wildlife conservation, sustainability, and wildlife exploitation.
[bookmark: _Toc183179974]Site description 
The Mumbles Sea Wall, located in Swansea, Wales, is a coastal engineering defence stretching along a segment of Swansea Bay, designed primarily for flood defence and coastal protection from erosion. This was built to withstand high tides and storms (thegeographyteacher.com, 2023). It plays a critical role in safeguarding the local community, infrastructure, and nearby habitats. The wall itself is constructed from concrete and reinforced materials, with sections featuring wave-deflecting profiles (Turner and Bateman, 2001) to reduce the impact of storm surges, the face of this sea wall is made of textured hexagons, this is seen in figure 1 and figure 2.
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[bookmark: _Toc183179980]Figure 1. Hexagon patterned sea wall showing growth and a biodiverse habitat
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[bookmark: _Toc183179981]Figure 2. The Mumbles Sea wall under construction  
The sea wall is part of local conservation efforts, as it helps to maintain the integrity of the coastal environment, balancing human activity with ecological preservation as seen in figure 1. The area is known for its diverse marine life and bird populations, which can often be spotted along the coast. Overall, the Mumbles Sea Wall is a key feature of Swansea's coastal defences and a scenic destination. 
[bookmark: _Toc183179975]Methodology 
The process of data collection for this research requires: Wellington boots; A Quadrat; a Spade, Ziplock bags; Containers; Sieve; Field guides; Notebook/Pen
The procedure for this involved walking the transect stretching from Mumbles carpark to the Verdis slipway, covering a distance of 1km including a curve to follow the shape of the beach and sea wall. Along this transect, six evenly spaced sections were selected for data collection to ensure representative sampling, at each of these six sections, observations were recorded to identify and document the species present. The DAFOR scale (Dominant, Abundant, Frequent, Occasional, Rare) (karendawnandrews, 2021) was used to assess and categorize the abundance of each species encountered. In addition to observational data, physical samples were collected at each section. A sand sample was taken, and sieved in water to remove mud, leaving behind shells and other miscellaneous objects. These were stored in labelled zip lock bags for further analysis. Water samples were also collected at each location and stored securely for laboratory testing at the University of Wales Trinity Saint David. This approach combined field observation with physical sampling to gather comprehensive data on both biological diversity and environmental conditions across the transect.
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(Oakley, 2011)
(Chapman and Roberts , 1997)
(Chambers, 2010)
(CLARKE, 1865)

Site one 
What three words:  renders. spine. noun 
Sediment type; very muddy/clay 
[bookmark: _Toc183179982]Table 1.showing the organsims found at site one and their DAFOR score
	Organisms 
	DAFOR score 

	Bladder Wrack
	D

	Seratted Wrack
	O

	Sea Moss
	D

	Thongweed 
	F

	Cockles 
	A

	Razor Shell
	R

	Mussel shell
	F

	Oyster shell 
	F

	Spiney cockle
	F

	Slipper limpet 
	O

	Sand Goby 
	F
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[bookmark: _Toc183179983]Figure 3. Bladder wrack 
Site two 
What three words: Bluntly. Arose. Chops 
Sediment type; muddy/ clay 
[bookmark: _Toc183179984]Table 2. showing the organsims found at site one and their DAFOR score
	Organisms
	DAFOR score

	Lugworm castings
	F

	Acorn Barnicals 
	F

	Sea Lichen 
	R

	Sea Lettuce 
	R

	Bladder Wrack 
	A

	Sea Moss
	F

	Serrated Wrack 
	O

	Mussel shells 
	F

	Cockles 
	F
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[bookmark: _Toc183179985]Figure 4. serrated wrack

Site three 
What three words Easily.Debating. Horns 
Sediment type; sandy 
[bookmark: _Toc183179986]Table 3. showing the organsims found at site one and their DAFOR score
	Organisms
	DAFOR score

	Lugworm castings
	O

	Acorn Barnicals 
	A 

	Sea Lettuce 
	O

	Serrated Wrack 
	R

	Bladder Wrack 
	F

	Sea Moss
	R

	Shore Crab 
	R

	Oyster Catchers 
	O

	Sea Urchin 
	R
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[bookmark: _Toc183179987]Figure 5. male shore crab
Site four 
What3words homelands. reunion. dividers 
Sediment type: Sandy 
[bookmark: _Toc183179988]Table 4. showing the organsims found at site one and their DAFOR score
	Organisms 
	DAFOR score

	Lugworm Castings
	A

	Acorn Barnicles
	A

	Mussels
	D

	Slipper Limpets
	R

	Razor Clams
	R

	Daisy Anemonie 
	O

	Brown Shrimp
	R

	Serrated Wrack 
	R

	Knotted Wrack
	R

	Mussels 
	D

	Cockles 
	D




Site five 
What three words differ. plays. cutback 
Sediment type; rocky 
[bookmark: _Toc183179989]Table 5. showing the organsims found at site one and their DAFOR score
	Organisms
	DAFOR score

	Acorn Barnicle 
	D

	Shore Crab 
	0

	Sand Mason worms 
	F

	Sand Goby 
	F

	Serrated Wrack 
	R

	Knotted Wrack 
	R

	Beadlet Anemone 
	O

	Daisy Anemone
	O

	Razor Clam 
	R

	Sea Snails 
	A

	Cockles 
	D

	Shore Crab
	R

	Mussels 
	O

	Slipper Limpet 
	O

	Crab 
	R
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 Site six 
What3words putts. composers. sadly 
Sediment type; Really muddy/clay 
[bookmark: _Toc183179991]Table 6. showing the organsims found at site one and their DAFOR score
	Organisms 
	DAFOR score 

	Needle Whelks 
	D

	Worm castings 
	A

	Sea Slug trails
	A

	Acorn Barnicles 
	A

	Shore Crab 
	O

	Sand Mason Worms 
	O 

	Daisy Anemone 
	R

	Serrated Wrack 
	F
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Water quality of the Swansea Bay 
Salinity: 34ppt
PH: 8.4
DO: 8mg
The water quality measurements suggest that Swansea Bay has stable and healthy environmental conditions for marine ecosystems. However, these values should be regularly monitored, as fluctuations in salinity, pH, or dissolved oxygen can signal potential environmental issues, such as pollution, climate impacts, or ecosystem imbalances.
 
[bookmark: _Toc183179977]Discussion
This area experiences less foot traffic, as evidenced by the presence of more intact shells. In locations with frequent foot traffic, the pressure and movement of people can crush shells underfoot, leading to a higher proportion of broken or fragmented shells. The undisturbed condition of the shells at this site suggests minimal physical disruption from human presence. Additionally, lower foot traffic can reduce other forms of disturbance, such as habitat trampling, which can compact the sand and alter the ecosystem. This allows delicate organisms, like molluscs and their shells, to remain intact and maintain their ecological roles. The intact shells may also indicate a healthier and less disturbed environment, where natural processes dominate over anthropogenic impacts. This observation highlights the importance of minimizing human activity in sensitive areas to preserve their natural state and the biodiversity they support (Fisher, 2019).
A large number of needle whelks in a particular area can indicate specific environmental conditions. They play a role in nutrient recycling, breaking down organic matter and contributing to the ecosystem's health. An abundance of needle whelks may suggest the presence of organic pollution, such as sewage or decaying material, which increases their food sources (www.marlin.ac.uk, n.d.). This could indicate poor water quality or eutrophication in the area. Needle whelks thrive in specific habitats, such as sandy or muddy seabeds, which provide shelter and food. A large population may reflect suitable sediment type and stable environmental conditions. An unusual spike in their population might indicate a recent environmental disturbance that has reduced competitors or predators or increased food availability through unnatural means, like pollution. (Oakley, 2011)
A high density of needle whelks warrants further investigation to determine whether it reflects natural ecological processes or environmental stressors, such as pollution or habitat alteration. Their population trends can provide valuable insights into the health and dynamics of the ecosystem. (Callaway, Fairley and Horrillo-Caraballo, 2020)-
The live snail on a piece of coal is a pollution indicator as coal is not a natural part of the beach ecosystem and may have come from human activity, such as coal mining, shipping, or improper waste disposal. This also indicates contamination, which can negatively impact the local environment and biodiversity. The snail's presence on coal suggests it may be adapting to or tolerating suboptimal conditions. This could also indicate that its natural habitat has been altered or degraded, forcing it to inhabit polluted substrates. Coal can release harmful substances, such as heavy metals or hydrocarbons. These pollutants may pose health risks to marine life, including the snail, by affecting their development, reproduction, or survival. If coal or other pollutants accumulate in the area, it could disrupt the delicate balance of the beach ecosystem. This could lead to changes in species composition, favouring more pollution-tolerant species over others and reducing overall biodiversity.
This observation highlights potential environmental issues at the site, underscoring the need for further investigation and potential remediation efforts to address pollution sources and protect the local ecosystem.
Ecoengineering projects along the South Wales coastline hold the potential for significant environmental, economic, and social impacts. South Wales, with its diverse coastal ecosystems, industrial heritage, and vulnerability to climate change, would see both opportunities and challenges from these interventions this has been tested in Swansea with the Mumbles Sea wall. Some of the key implications include some of the initial ecological disruptions during project implementation however the long-term success depends on the alignment with natural sediment and hydrological processes. In the planning of this it was essential to have revetments so that the loss of substrate was less. 
There will be an impact on local economies such as an enhanced coastal landscape may attract visitors, boosting the local economy. Sustainable ecoengineering projects can rejuvenate fish stocks and shellfish populations, supporting local fisheries. However, some of the challleges of this would be displacement of traditional industries during transition periods and conflicts between conservation efforts and commercial uses of the coastline. South Wales’ coastline is rich in history, from its industrial legacy to archaeological sites. Ecoengineering must respect and integrate these.
Some of the examples for future projects could include Living Shorelines, combining natural vegetation and constructed elements to stabilize shorelines, this is important in places such as the Blackpill SSSI as it is a sandy mudflat creating a perfect habitat for organisms such as sand mason worms (Gillham, 1982) and razor clams to attract wading birds such as oyster catchers. Tidal Energy Systems, harnessing tidal power in areas like the Severn Estuary while mitigating impacts on sediment flow and marine life. Rewilding Coastal Wetlands, restoring intertidal habitats to serve as natural buffers against flooding. Ecoengineering on the South Wales coast offers opportunities to address climate change impacts while fostering environmental and socioeconomic benefits. However, careful planning, community engagement, and consideration of local contexts are essential to balance development with sustainability.

[bookmark: _Toc183179978]Conclusion
In conclusion, the Mumbles Coastal Protection Project integrates upgraded sea defences, including a vertical sea wall and sloping revetments, designed with Building with Nature (BwN) principles to promote biodiversity. By incorporating ecoengineering techniques, such as multilayered complex surface structures, the project aims to support diverse marine and coastal species. The biodiversity performance of these green structures will be monitored before, during, and after construction, providing critical data on species recovery. These findings will guide future ecoengineering projects around the Welsh coastline, ensuring sustainable coastal development that balances protection with ecological enhancement. The findings highlight the balance between human activity, environmental conditions, and ecoengineering on the South Wales coastline. Intact shells suggest minimal disturbance, while the abundance of needle whelks and a snail on coal indicate potential pollution and habitat stress. These underscore the need for monitoring and remediation to protect biodiversity. The Mumbles Coastal Protection Project demonstrates how ecoengineering can enhance sustainability and biodiversity while supporting local economies. Future strategies like living shorelines, tidal energy, and wetland rewilding offer promise, but success depends on careful planning, community involvement, and alignment with natural processes.
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