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[bookmark: _Toc183730490]Background
The ‘Mumbles Coastal Protection Project’ was first planned in 2021. However, as far back as 2015, the Welsh Government launched the Coastal Risk Management Programme, which prompted Swansea Council to consider how Mumbles could be protected in the future. The project spans a 1km stretch, along the Mumbles Promenade (Swansea Council, 2024). A vertical sea wall and a sloping revetment have been built while factoring Building with Nature (BwN) to enable biodiversity after construction. The resulting biodiversity after the construction has finished, can help inform how future eco-engineering can best promote biodiversity. This paper will be assessing the biodiversity present at the Mumbles Sea Wall and discussing the implications of the findings for future eco-engineering projects around the Welsh coastline.
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The hypothesis for this study is that there will be a disturbance of biodiversity near the sea wall currently under construction. This is because most theoretical literature points to sea defences disrupting wildlife near the construction site.
[bookmark: _Toc183730493]Primary theoretical literature
Coastal protection eco-engineering is a new design method which aims to promote biodiversity while also protecting coastal areas from coastal erosion. For a very long time, coastal defences, such as sea walls, were built only according to financial and engineering criteria, whilst ignoring the capacity to support marine wildlife (Kinver, 2014). 
Building with Nature (BwN) is the UK’s first green infrastructure (GI) standard and is a framework which is easy to use. When a project is awarded with a Building with Nature Award, it signifies that the standards have been met. Examples of BwN projects include: Baltic Wharf in Bristol, Malmo Quay in Newcastle and Sutton Estate in Chelsea (BwN, no date). For a project to be approved it needs to be meet CORE, wellbeing, water and wildlife standards. In total it’s 12 standards split into these 4 categories. The fact the Mumbles Sea Wall was awarded this certificate is a great positive step forward in terms of future eco-engineering projects in Wales.
The reason eco-engineered coastal defences are gaining more popularity is that the impact that traditional hard sea defences have on wildlife is typically negative. In 2009, OSPAR Commission published a paper assessing the impact of coastal defence structures in several countries in Europe. Their study found that there are both short- and long-term impacts for wildlife when constructing hard coastal defences. Noise and vibration from construction can disturb birds and fish species (OSPAR Commission, 2009). Furthermore, hard rock surfaces attract algae. Too many algae are bad for the ocean because it depletes oxygen, which is essential for aquatic life (NSF, 2016).
Coastlines are under massive threat at the moment, exacerbated by the effects of climate change, cliff faces and shorelines are eroding at a rapid pace. In fact, 80 properties along the Mumbles seafront are at high risk of flooding. Also, if no action is taken a further 40 properties will be under threat as well (Swansea Council, 2021). Even at present day, when it’s high tide, with Swansea Bay being an incredibly tidal sea, it’s fairly common for the footway to flood, which is a cause of major concern. 



An example of eco-engineering on the ‘Mumbles Coastal Protection Project’ is the ‘Mumbles Sea-Hive Project’ conducted by Swansea University. The purpose of the project is to research how architects and engineers can create more eco-friendly sea walls. They have experimented with different surface textures on tiles such as ones which mimic natural rock surfaces and others with geometric patterns, which are clearly man made. These structures will be monitored closely by measuring the plant and animal species which settle on the tiles. Then the tiles will be compared to see which design attracted the most life (Swansea University, no date).
Biodiversity is important because without a wide range of organisms, all the biological processes that keep humans alive wouldn’t be possible. We need pollinators such as birds and bees for agriculture as an example. Specifically related to marine life, marine biodiversity is crucial for maintaining healthy fish stocks. If one species starts to dominate, then that causes an imbalance in the food chain. Fish are an important food source for lots of people living along the coast, which is estimated to be 40% of the world’s population (United Nations, no date). Human beings aside, biodiversity is crucial for a healthy ecosystem. Predators such as sharks control fish populations while plant species absorb carbon dioxide from photosynthesis.
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For assessing the current biodiversity on Mumbles beach and sea wall, 6 sites were sampled on 25/10/2024. The sites were located with what3words to provide coordinates. On each site, a quadrant was placed randomly, then the total number of organisms in the quadrat were counted. Using the DAFOR Index, how common a species was present in each quadrat was calculated. DAFOR Index is an index which measures how abundant a plant or animal species is, in a habitat. DAFOR stands for:
D – Dominant
A – Abundant
F – Frequent
O – Occasional
R – Rare
The animal species that were recorded at each site were: Cockles, Razor shells, Mussel shells, Oyster shells, Slipper limpets, Limpets, Sea snails and unidentified clams. Once the number was noted, a formula was used to estimate the total population across the whole coastline (Dr. Brown and Dr. Kingsolver, no date). 
Formula: N = (A/a) * n
N = Estimated total population size
A = Total study area
a = Area of the quadrat
n = Number of organisms per quadrat
So, the formula for this study is: N = 130,363m²/0.25m² * n
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Table 1: Site 1 – 51.578900, -3.999935
	

	
	
	
	

	

	
	
	
	

	Species
	Number Found
	Total Population
	DAFOR
	

	Cockles
	13
	6778876
	0.866667
	

	Razor shells
	1
	1
	0.0565
	

	Mussel shells
	2
	1042904
	0.133333
	

	Oyster shells
	0
	0
	0
	

	Slipper limpets
	0
	0
	0
	

	Limpets
	0
	0
	0
	

	Unidentified clams
	0
	0
	0
	

	Sea snails
	0
	0
	0
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Table 2: Site 2 – 51.576905, -3.997680

	
	
	
	

	

	
	
	
	

	Species
	Number Found
	Total Population
	DAFOR
	

	Cockles
	10
	5214520
	0.714286
	

	Razor shells
	0
	0
	0
	

	Mussel shells
	3
	1564356
	0.214286
	

	Oyster shells
	1
	521452
	0.071429
	

	Slipper limpets
	0
	0
	0
	

	Limpets
	0
	0
	0
	

	Unidentified clams
	0
	0
	0
	

	Sea snails
	0
	0
	0
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Table 3: Site 3 – 51.575504, -3.996553


	
	
	
	

	Species
	Number Found
	Total Population
	DAFOR
	

	Cockles
	7
	3650164
	0.538462
	

	Razor shells
	0
	0
	0
	

	Mussel shells
	6
	3128712
	0.461538
	

	Oyster shells
	0
	0
	0
	

	Slipper limpets
	0
	0
	0
	

	Limpets
	0
	0
	0
	

	Unidentified clams
	0
	0
	0
	

	Sea snails
	0
	0
	0
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Table 4: Site 4 – 51.575127, -3.995339


	
	
	
	

	Species
	Number Found
	Total Population
	DAFOR
	

	Cockles
	5
	2607260
	0.277778
	

	Razor shells
	0
	0
	0
	

	Mussel shells
	10
	5214520
	0.555556
	

	Oyster shells
	0
	0
	0
	

	Slipper limpets
	0
	0
	0
	

	Limpets
	0
	0
	0
	

	Unidentified clams
	3
	1564356
	0.166667
	

	Sea snails
	0
	0
	0
	

	
	
	
	
	

	
	
	
	
	

	







Table 5: Site 5 – 51.574372, -3.993518

	
	
	
	

	

	
	
	
	

	Species
	Number Found
	Total Population
	DAFOR
	

	Cockles
	4
	2085808
	0.153846
	

	Razor shells
	0
	0
	0
	

	Mussel shells
	0
	0
	0
	

	Oyster shells
	0
	0
	0
	

	Slipper limpets
	1
	521452
	0.038462
	

	Limpets
	0
	0
	0
	

	Unidentified clams
	4
	2085808
	0.153846
	

	Sea snail
	17
	8864684
	0.653846
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Table 6: Site 6 – 51.574022, -3.992001


	
	
	
	

	Species
	Number Found
	Total Population
	
	

	Cockles
	0
	0
	
	

	Razor shells
	0
	0
	
	

	Mussel shells
	0
	0
	
	

	Oyster shells
	0
	0
	
	

	Slipper limpets
	0
	   0                
	
	

	Limpets
	0
	0
	
	

	Unidentified clams
	0
	     0
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From the quadrat study, Cockles were by far the most tallied species. They were spotted in every site other than site 6, which was a very sandy site in which no species were spotted at all. This is a sign of a healthy ecosystem, as cockles play an important role in maintaining an ecosystem. Firstly, Cockles are bivalves meaning they consume both living and non-living organisms, with plankton and plant debris being examples of these (Carrs et al., 2020). They have also been shown to improve water quality by reducing turbidity. Turbidity is a reduction in water clarity due to an increase in suspended particles (Grobbelaar, 2009). 
The second most common species was mussel shells. They were certainly one of the most consistently spotted species, with them only not being present in site 5 & 6. This was a surprise as there has been a 53% loss of mussel abundance in Europe. This is largely caused by human activities such as overharvesting, with mussels being a popular seafood option to eat. Mussel shells are not only beneficial when alive, by providing water filtration, but their shells also provide a habitat for other organisms to live on (Benjamin et al., 2024). Therefore, the frequency of mussel shells in the study sample is another positive sign of healthy biodiversity. 
However, the scarcity of oyster shells is a point of concern as oysters, like cockles, filter water and fed on algae (In a Half Shell, no date). Subsequently, the correlation between a lack of oyster shells on the beach and algae growing on the sea wall is a strong one. Oysters also provide an ecosystem service to humans by being a nutritional food source. They are high in vitamin B12, selenium, iron and zinc.
With that being said, it is a not a good sign that many of the other species that were part of the study weren’t spotted very often. In fact, the total number of species spotted, other than Cockles and Mussel shells, was only 27, with more than half of that number (17) being made up of sea snails identified at Site 6. This is not a good indication of healthy biodiversity as having a much higher population can suggest a disruption in the ecosystem. However, whether this loss of biodiversity was caused by the sea wall being built or from other factors is unknown, as there is little data on species abundance prior to the sea wall being built. To gain a better understanding of the impact the sea wall had on surrounding biodiversity, the study should be repeated at the same time a year into the future so comparisons in the data can be made.
Regarding future eco-engineering projects across Wales, the most important principle that can be extracted from this study is that there needs to be data gathered on biodiversity; prior, during and after construction of new coastal defences. This is so that accurate conclusions about the impact of new coastal defences on biodiversity can be made. Also, it means anomalies can be ruled out as much as possible, and different eco-engineering designs can be compared with each other to see which one has the least environmental impact. BwN should be standard for any future projects as it’s a comprehensive guide on how to ensure engineering and construction projects benefit not just humans but also wildlife and animals.
[bookmark: _Toc183730498]Conclusion
[bookmark: _Toc183730499]Conclusion to hypotheses
Not enough data was gathered to be able to prove or disprove the hypothesis. However, the data does suggest that there is little biodiversity around the Mumbles Sea Wall. Whether that’s because of the sea wall being built or there was always low biodiversity in the study area is uncertain. 
[bookmark: _Toc183730500]Research Limitations
The aim of the study was to assess the biodiversity near the Mumbles Sea Wall after the construction had finished. Despite this, the study was conducted as the construction was still taking place. Therefore, the data is incomplete and doesn’t help to inform future eco-engineering coastal defence projects on how to best protect biodiversity while also protecting the coastline. Nevertheless, performing the study during the construction is good as long as the same study is repeated when the construction has finished. This will help inform if there’s been a change in biodiversity health during the time it took to finish construction.
[bookmark: _Toc183730501]How to improve the research
For assessing future wildlife impact from new coastal defences, a defined and standardised study area surrounding the new coastal defence must be established. Otherwise, accurate analysis of the impact isn’t possible. Take this study for example. If there was substantial evidence that there was a decrease in biodiversity over a 2-year period on the grass sand dunes near the observatory on Swansea beach, that most likely wasn’t caused by a new sea wall being constructed at Mumbles beach as it’s too far away. For this study you can say the study area is the 1km stretch of the wall. However, that still isn’t an empirical or standard study area but rather one that has been set by Swansea Council to aid researchers and construction. Furthermore, it’s not just the study area which needs to be standardised but also the study time period. After some time, habits and ecosystems can recover after being affected negatively by, for example, a new coastal defence. Therefore, if after 5 years biodiversity has worsened or improved, it would be difficult to prove whether the coastal defence still had an impact on biodiversity, even if it was conclusively proved that it did initially after construction had finished. 
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