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[bookmark: _Toc1042143509]Introduction

[bookmark: _Toc544523853]Site Description
[bookmark: _Int_cq10HH98]Crymlyn Burrows is considered a Site of Special Scientific Interest (known as SSSIs) in accordance with the Wildlife and Countryside Act of 1987, except for the northeastern section owned separately by Swansea Bay Golf Club. The site lies between Neath Port Talbot and Swansea, spanning 244 hectares, and encompasses sand dunes, salt marshes, and a beach along Swansea Bay (Sampson, 2018), situated between Swansea University Bay Campus and the River Neath. The entirety of this region falls within the jurisdiction of Neath Port Talbot County Borough.

[bookmark: _Int_NvjplnzF]As documented by Price & Brooks in 1980, Swansea Bay lies in a shallow rock basin that was partially filled by glacial, fluvioglacial and lacustrine sediments during the Pleistocene (Price & Brooks, 1980). As observed by Culver in 1977, throughout the last ice age, a significant glacier occupied the Vale of Neath discharging meltwater and sediments into the bay. Subsequently, during the early to mid-post-glacial period (Flandrian), rising sea levels led to a partial reworking and covering of these sediments by marine sediments (Culver, 1977). 
The movement of sand inland by waves and currents led to the formation of a series of barrier islands and spits along the edges of the bay. Behind these barriers, a network of salt and brackish marshes developed, forming a coastal plain about 2 to 3 kilometres wide. Peat accumulation occurred in the lower lying and poorly drained areas, including Crymlyn Bog.

In the mid-1820s, during the initial surveys for the first edition of the One-Inch Ordnance Survey maps, numerous coastal barriers were still visible, particularly along the eastern shore of Swansea Bay (Pye & Blott, 2014). Today, the coastline stretching from Mumbles Head to the western edge of Crymlyn Burrows is fortified with robust coastal defences (Collins, Banner, Tyler, Wakefield & James, 1980).

[bookmark: _Int_eZBwgEED]In certain areas, notably between Black Pill and Swansea Docks and in a small inlet north of Port Talbot Harbour, sand dunes have formed in front of the concrete wall and promenade. Elsewhere, the defences are bordered by a sandy or muddy beach, which varies in width depending on the location. Between Port Talbot harbour and the River Kenfig, much of the coastal area is screened by rubble revetments, rock armour and mounded blast furnace slag. The SSSI section of Kenfig Dunes is not artificially protected, although a significant part of the dune base is shielded by a naturally occurring gravel berm (Pye & Blott, 2014).

[bookmark: _Int_sfcRRao7]The area on which the Bay Campus stands was formerly used by British Petroleum (BP) as an oil storage facility. Although BP owned Crymlyn Burrows, it remained undeveloped, with the exception of a small section in the far north where there are disused underground oil and chemical pipelines alongside active underground utilities such as gas and water pipes running east-west (Sampson, 2018).

During the Second World War, the oil storage facilities, pipelines, docks, and nearby factories were attacked by German bombers, leading to concerns about possible unexploded ordnance beneath the surface of the site. A desk study conducted in 2017 (MACC, 2017) indicated a significant risk, particularly during drilling or mechanical excavation works. It is advisable to consult the report to undertake a comprehensive risk assessment for any ground-engaging works.

Crymlyn Burrows consists primarily of a series of sandy, dune-covered spits with outcrops, interspersed with areas of salt and brackish marshes that have developed from former sandy areas. Gravel is only present to a limited extent in this system, mostly in the form of gravelly berms at the base of the dune crests at their drifting ends. These can be observed near the Swansea Bay Innovation Campus and the Naval Social Club at the northern end of Aberavon Sands (Pye & Blott, 2014).
The active saltmarshes typically have an upward succession, with sands or silty sands at the base changing to sandy silts or silts at the surface. Older, higher marshes tend to be finer grained and contain less sand, unless they are in close proximity to active dunes (Pye & Blott, 2014).

In addition to habitat management, there are also habitat enhancement and restoration strategies. Habitat restoration aims to return a habitat to its original state, especially in the case of degradation or damage. An example of this is the conversion of formerly species-rich wide open plains into large agricultural monocultures that do not meet the needs of wildlife accustomed to smaller, diverse habitats (Bijl & Salisbury 2019).

[bookmark: _Toc1030247085]Ecological evaluation
Since its designation, the site has changed several times. The lack of cultivation and grazing has led to a stabilisation of the dunes and a gradual transition to scrub and forest. Various invasive species have become established, including the Japanese rose (Rosa rugosa), Japanese knotweed (Fallopia japonica), sea buckthorn (Hippophae rhamnoides), various species of cotoneaster, holm oak (Quercus ilex), daisy (Aster amellus) and early goldenrod (Solidago juncea).

The orchid has not been documented since 1995, and the last sighting of the beach beetle dates back to 1997. The sea hogweed has once again almost disappeared, with only one known specimen left at this location. The extremely rare field wormwood (Artemisia campestris), which originally occurred in the northern dunes and was successfully propagated in the national collection, has also declined. Despite a failed attempt at reintroduction, there is the possibility of repeating this attempt in the future if the appropriate resources are available.
[bookmark: _Int_KJ3SSBDv]Rabbits are the only grazers on the site, but their distribution is uneven, and their population fluctuates greatly due to disease and weather conditions. Scrubland provides them with important shelter, especially during sporadic outbreaks of myxomatosis.

The strip of promontory dunes that lines the crest of the beach represents a highly dynamic environment in which a rapid alternation between accretion and erosion takes place. Recent trends indicate that the dunes are growing at both ends of the beach and eroding in the central area of the beach. This erosion is due to a depression in the intertidal area that allows waves to reach the dunes during high tides and rough seas. The sediment generally moves eastwards along the beach and enters the channel of the Neath Estuary. Regular dredging is necessary to maintain the navigability of the channel.

[bookmark: _Int_t4LXVftm]No surveys of breeding birds have been carried out, but observations indicate the importance of the dunes for ground-nesting birds such as skylarks and meadow pipits. There is also evidence of breeding redshanks and shelducks. Other species protected under Section 7 that may nest on the site include ringed plovers, linnets, reed buntings, kestrels, cuckoos, warblers, dippers, bullfinches, house sparrows, starlings and song thrushes.
Various mammals have been observed at the site, including red foxes, hedgehogs, rabbits, wood mice, voles, shrews, water shrews and pygmy shrews. Otters and polecats are also likely to be occasional visitors.

Live-bearing lizards are abundant in the dunes, with some specimens having been translocated to the area during the development phase of the campus. Despite regular surveys in 2016 and 2017 and during the construction of the campus, no other reptile species were documented. The invertebrate community within the SSSI is notable for harbouring sand dune specialist species such as the dune tiger beetle and dune beetle.

In addition, wildlife tends to congregate at the edges of habitats where different vegetation types meet, resulting in an "edge effect." Therefore, habitat management should focus on creating and maintaining habitat edges to effectively support wildlife populations )Ausden, 2007).

[bookmark: _Toc552586879]Site Management
[bookmark: _Toc449896926]Habitat management

Throughout history, people have used the land for various purposes such as housing, agriculture, trade, recreation and transport. Currently, only 29 of the Earth's surface is land, the remaining 71% is ocean. Of the land surface, 71% is considered habitable for humans, while the remaining 29% consists of glaciers and barren land (Bijl & Salisbury, 2019). In addition, the world's population has more than quadrupled in the last century and is projected to continue to grow, increasing the pressure on the planet and its resources. It is important to recognise that we share the land with other species. To achieve sustainable coexistence with animals and the environment, it is therefore essential to share the land and its resources fairly and ensure that animals have sufficient space and resources for their needs.

The objective of habitat management should be to prevent further encroachment of scrub and woodland by selectively removing trees and shrubs, initially targeting invasive, non-native species. Efforts should also be made to push back the forest edge where it encroaches on the dune grassland (Sampson, 2018).

Habitat is a concept that is specific to each species, as each species has different requirements. Even though several species may inhabit the same area, they have different needs, which means that environmental changes will impact them uniquely (Bijl & Salisbury, 2019). All animals require certain resources or habitat factors, including food, water, cover and space, as well as suitable environmental conditions such as temperature, soil type and rainfall.

Furthermore, it is not only the quantity but also the distribution of resources in a habitat that is important. The spatial arrangement of food, cover and water has a significant impact on the numbers and distribution of wildlife, with smaller blocks of diverse resources close together being the most effective (Ausden, 2007).

Adequate availability of these habitat factors promotes the well-being. However, a lack of any of these factors, be it insufficient food, water or nesting sites, can limit the number and distribution of wildlife in a given area and thus act as a limiting factor (Bijl & Salisbury, 2019).

When determining how to manage or improve a habitat, the following steps should be considered:
· Assess the current ecological and recreational value, including existing habitats and species, as well as additional benefits, such as carbon sequestration, flood control or wind protection, and potential economic benefits.
· Develop strategies to manage the existing habitat to maximise its ecological potential.
· Exploring opportunities for habitat enhancement or restoration (NWT, nd).

[bookmark: _Int_AWN15UsQ]The absence of grazing and historical management practises hav led to the stabilization of the dunes, which in some areas has led to an overgrowth of ferns and tall grasses and an increase in scrub encroachment and woodland cover, particularly by invasive non-native species. While scrub and trees are natural components of stabilised dune habitats and provide important habitats for various animals, the uncontrolled growth of scrub and woodland has expanded at the expense of the diverse specialised dune flora and invertebrates living in them (Sampson, 2018).

Sea buckthorn, Japanese knotweed, Japanese rose, cotoneaster, buddleia, conifers and holm oak pose a significant risk of spreading throughout the area and damaging the native dune communities. The holm oak and Japanese rose are particularly widespread and require lengthy efforts to control successfully. Whilst the overall aim is to remove these species from the area, individual large trees and the single large stand of sea buckthorn in the central area provide some ecological benefits, particularly for birds and rabbits. Whilst the area is actively managed to prevent the spread of these species, some specimens may therefore be allowed to remain. The threat from other non-native species will be continually assessed and appropriate management strategies will be developed if spread of these species is observed (Sampson, 2018).


[bookmark: _Toc1692670221]Removal of non-native invasive trees species

Vegetation serves as the fundamental component of terrestrial vertebrate habitats and is therefore at the centre of ecological management efforts. Ecological succession, the natural process of plant and animal change over time without disturbance, can be manipulated to either improve or degrade habitat quality (Bijl & Salisbury 2019).
Mainly conifers and holm oaks, from the entire site. The focus will be on cutting and treating the stumps of these species, prioritising the main dune area first, where holm oaks and conifers are just beginning to establish. Attention will then shift to the northern dunes (Sampson, 2018).
Pruned wood will either be removed from the area or introduced into the beach line to improve the driftwood habitat. Litter (small branches and leaves) will be piled under the remaining tree canopy or burnt locally on metal sheets if this is not possible. In areas where there is limited alternative cover, the healthiest trees are retained for wildlife and aesthetic reasons. Regular inspections are carried out to remove any saplings that may sprout.

[bookmark: _Toc338462539]Qualified employees use knapsack sprayers to apply Roundup ProActive to control various invasive species
 
Rosa rugosa: Treatment is applied from May to September. Spraying will target dense stands, favouring hand digging of smaller, younger plants before they become established. For larger stands with lower density, mechanical digging or weedkillers can be used to effectively control this widespread species.
Japanese knotweed: Treatment follows the same approach as for Rosa rugosa if it occurs elsewhere on the site.
Buckthorn: Spreading plants are sprayed to prevent further spread, while larger stands are left untreated in the centre to provide shelter for a rabbit burrow. In stands 2 and 5, small plants (<1.2 m) are sprayed, and larger plants are cut, and the stumps treated with glyphosate. If possible, the cuttings are removed from the area or, if this is not possible, burnt on metal sheets. Stands 3 and 4 are sprayed with Roundup ProActive. Cutting and treatment of the stumps is carried out in autumn/winter while spraying of the standing plants takes place from August to September. Similar control measures will be applied to any newly discovered sea buckthorn stands (Sampson, 2018).

[bookmark: _Toc397277030]Human Intervention

Regrettably, human activities have had a catastrophic impact on habitats. These include urbanisation, the removal of predators and competitors, the widespread introduction of domestic animals, the relocation of familiar species around the world and the destruction— of habitats - as demonstrated by recent events such as the Amazon Forest fires and the fires in Africa. In addition, human population growth and pollution further jeopardise the survival of wildlife (Bijl & Salisbury, 2019).
Certain areas have been irreversibly altered by human-induced changes such as climate change, acidification of soils and waters, and changes in species composition through the introduction of alien or exotic species. These changes pose a major challenge for the conservation and protection of biodiversity (Bijl & Salisbury, 2019).

[bookmark: _Int_u5MVY0gS]Human activity has significantly altered the River Neath and its estuary since the mid-18th century. Originally the lower part of the river was a meandering channel, but since the early 19th century various initiatives have been taken to straighten and shorten the river. In the 1920s, the construction of retaining walls began, which were regularly improved and extended over time. However, the canal has always had problems with sedimentation, so dredging has been necessary for many years. Sediment dredged from the river has been disposed of at various locations, including off the coast of Swansea Bay, off Sker Point, in the intertidal areas seaward of Crymlyn Burrows and Baglan Burrows and on land at Baglan. In addition, some of the dredged sand was used for industrial backfill and construction purposes. Wheeled machinery was often used to remove the material at low tide (Pye & Blott, 2014).

Almost the entire former tidal area in Baglan Bay has been converted for industrial and harbour activities. Parts of the region were designated as landfill sites and large parts of the former dunes were flattened to raise the former tidal areas. In the early 1960s, a significant portion of the northern area of Baglan Burrows was levelled in preparation for the construction of the BP chemical plant. Similarly, the western part of Crymlyn Burrows was levelled to make way for oil storage tanks on the east side of Swansea Docks. The first tanks were built between 1918 and 1922, with the tank farm being extended eastwards by BP in the post-war period. Concerns over possible destruction of the oil handling and storage facilities at Swansea in the early 1940s prompted the establishment of alternative oil tanker berths at Port Talbot. An oil pipeline was built from Port Talbot, running through the dunes of Baglan and under the river to the Crymlyn side of the estuary and from there onwards to Swansea (Pye & Blott, 2014).

Ecological monitoring plays a crucial role in regularly assessing the status and population trends of habitats and species. This facilitates the identification of potential threats and allows the effectiveness of management measures to be assessed (Sampson, 2018).
In addition to monitoring human impacts, maintaining a favourable conservation status of the site requires comprehensive data on its characteristics, which are either measured directly or assessed using appropriate indicators. An extended Phase 1 habitat survey was carried out in 2016 and will be repeated every six years to track changes in the extent of large-scale habitats. Interim monitoring of important species, habitats and communities is also being carried out. Declines in rare or locally important habitats or species will serve as triggers for the implementation of appropriate management measures. Surveys will also be used to assess the impact of management measures to ensure that they are achieving the intended results (Sampson, 2018).


[bookmark: _Toc1094144574]Conclusions and Recommendations

Crymlyn Burrows represents a complex and dynamic ecosystem, which emphasises the need for evidence-based management practices. Research and monitoring efforts are primarily aimed at recognising changes within the site, identifying their causes and gaining insights to make management decisions effectively (Sampson, 2018).

To begin habitat management, it is crucial to first understand the environmental conditions and resource requirements of specific species. A strategy can then be developed to achieve habitat-related conservation and management objectives (Ausden, 2007).

However, it must be recognised that managing land for one species may have unintended effects on other species. Therefore, it is not possible to increase the population of all species on every piece of land, as management decisions often involve trade-offs and can lead to unintended consequences for other species (Bijl & Salisbury, 2019).

In addition to the routine monitoring necessary for effective management of the area, ownership of the Site of Special Scientific Interest (SSSI) provides the community, as well as all students with the valuable opportunity to utilise it as a living laboratory for teaching and research. Collaboration with various academic colleges is already established, but there is potential for further expansion. It is important to promote the appropriate use of the area for educational and research purposes by communicating teaching visits and research projects to the warden. This will minimise conflicts with nature conservation objectives, make it easier to obtain the necessary permissions from Natural Resources Wales (NRW) and allow academic use to be documented (Sampson, 2018).

It is of the utmost importance that visitors are informed about the protected status of the site and the activities that are prohibited. Signs have been placed at the main entrances with this information, which will help to prevent careless or accidental damage to the site.
The implementation of education and information initiatives is important to raise community awareness of the importance of habitat and species conservation and to promote sustainable practises among the public. Collaboration with various stakeholders, including government agencies, conservation organisations, landowners and other interested parties, is critical to promoting coordinated conservation efforts and maximising the impact of conservation initiatives across the site and its surroundings.
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