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Abstract 
Kenfig National Nature Reserve is a dynamic coastal dune system facing significant ecological pressures, including invasive Sea Buckthorn “Hippophae rhamnoides”, dune over-succession, climate change impacts and visitor disturbance. These threats have led to habitat loss and a 90% decline in Fen Orchid “Liparis loeselii” populations since the 1990s. Management actions, such as invasive species clearance, rotational grazing, hydrological monitoring, soft engineering and visitor controls have achieved partial success but remain constrained by funding and governance. This report critically evaluates these interventions and recommends future proactive strategies, including enhanced invasive species control, adaptive grazing, climate resilience measures and formalised stakeholder collaboration to ensure long-term biodiversity protection.
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Assessment of coastal habitat threats and management: Kenfig National Nature Reserve, South Wales
[bookmark: _Toc216278049]1. Introduction 
Coastal habitats are among the most dynamic ecosystems on Earth, providing critical services such as carbon sequestration, flood protection and biodiversity support. However, these systems are highly vulnerable to anthropogenic pressures and climate change, which can lead to habitat degradation and loss of ecosystem services. Sand dune systems, in particular, are sensitive to invasive species, succession processes and hydrological changes.
Kenfig Reserve, located on the South Wales coast, represents one of the UK’s most important dune systems and has ecological designations because of this. The system supports rare species such as the Liparis loeselii (Jacquemyn et al., 2023), but faces significant threats including invasive Hippophae rhamnoides, accelerated dune succession, rising sea levels and visitor impacts.
This report critically evaluates the management actions implemented at Kenfig to address these challenges, assesses their effectiveness and proposes future strategies to ensure the long-term resilience of the site’s biodiversity and ecosystem services under increasing environmental pressures.
[bookmark: _Toc216278050]2. Site Description 
Kenfig Reserve, is situated along the South Wales approximately 30 kilometres west of Cardiff as depicted in Figure 1 the reserve is situated between the village of Kenfig and Kenfig Sands beach. 
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[bookmark: _Toc216277585]Figure 1: Map of Kenfig Reserve depicting location of sand dune system, (Walescoastpath.gov.uk, 2020)

The sand dune system has a range of dune slacks, dry dunes and traditional grasslands that covers ~1,300 acres (Morgan, 2025) and is recognised as one of the most significant coastal dune ecosystems in the United Kingdom. Amongst the extensive sand dune complex, Kenfig holds a large freshwater body known as Kenfig Pool, which acts as a local water source to enable the highly diverse ecosystem and provides habitat for a diverse range of aquatic species. This combination of habitats creates a dynamic environment that is highly sensitive to changes.
Kenfig is recognised for its exceptional biodiversity and the presence of rare and conservation-priority species. This earns Kenfig the ecological designations (Sherwood, 2015) as: a Site of Special Scientific Interest (SSSI), Special Area of Conservation (SAC) and a National Nature Reserve (NNR). The reserve supports one of the few remaining populations of the Liparis loeselii in the UK, which relies on early-successional dune slacks, characterised by yellow flowers, as shown in Figure 2. 
[image: Fen orchid at Kenfig National Nature Reserve]
[bookmark: _Toc216277586]Figure 2: Image showing Fen Orchid at Kenfig Reserve, (Blackmore. 2018)

In addition to Liparis loeselii, the dune system hosts a variety of dune specialist plants, invertebrates and bird species that depend on the site’s mosaic of wet and dry dune habitats earning Kenfig its ecological designations.
In addition to Kenfig’s ecological importance, the reserve also holds considerable socio-economic significance. This is due to Kenfig’s commitment to providing recreational activities for the public and attracting walkers, bird watchers and nature enthusiasts. The reserve supports the local economy by providing space for local business in the form of farmers markets, coffee shops and many other activities. 
As well as being a biodiverse landscape, Kenfig holds important historical and cultural value as remnants of the Medieval village of Kenfig (Jones, 2014) lie buried beneath the dunes; adding an archaeological element to its conservation. This combination of ecological and cultural heritage makes Kenfig a critical site for both biodiversity conservation and community engagement.
[bookmark: _Toc216278051]3. Threats that Kenfig faces  
[bookmark: _Toc216278052]3.1 Invasive species 
Kenfig faces a range of ecological pressures, these can be broken down into primary threats and secondary threats. One of Kenfig’s most notable primary threats is invasive species, the most significant Hippophae rhamnoides. 
[image: Sea buckthorn. Getty Images]
[bookmark: _Toc216277587]Figure 3: Image of Sea Buckthorn, (Wilson, 2024)
Hippophae rhamnoides was originally introduced to the dune system in the mid-20th century to provide dune stabilization (Sampath, Vina and Gaspar, 2025). Hippophae rhamnoides is characterised by its fast growing, dense and thorny thickets that are shown in Figure 3; it thrives in poor soils and harsh conditions, like those at Kenfig. The species is also known for changing the local soil chemistry through nitrogen fixation. Hippophae rhamnoides fixes nitrogen (Clúa et al., 2018)  by forming a symbiotic relationship with actinobacteria (Frankia species) in its root nodules, which convert atmospheric nitrogen (N₂) into ammonia (NH₃), as outlined in Figure 4.
[image: Figure 7]
[bookmark: _Toc216277588]Figure 4: Diagram depicting nitrogen fixation (Liu et al., 2024)
These characteristics allow the species to thrive at the reserve and therefore outcompete many other plant species by reducing the sandy areas which is essential for species such as the Liparis loeselii. 
The impact this had on Kenfig Reserve is detrimental. Surveys indicate that in the 1990’s Hippophae rhamnoides covered 10% of the dune system but recent surveys suggest that this has now increased to 30% of the system (Clark, 2019). This increase in coverage can be correlated to the decline in other species such as the Liparis loeselii which has decreased by 90% since the 1990’s.
[bookmark: _Toc216278053]3.2 Dune Over Succession 
Rise in species such as Hippophae rhamnoides also further accelerates dune succession and in turn dune oversuccession - this is a problem that Kenfig already suffers with and can be demonstrated by the reduction in red areas in Figure 6. Dune succession is a naturally occurring process, where mobile dunes are gradually stabilised due to pioneer vegetation trapping sediment and reducing aeolian erosion of the dunes. This then causes the organic matter to accumulate and develop the soil causing the dunes to stabilise and open spaces to decline. 
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[bookmark: _Toc216277589]Figure 6: Topographical image showing the dune over succession and decline in sandy areas at Kenfig Reserve (Pye and Blott, 2013)
This reduces the dynamic processes and habitats that species such as the Liparis loeselii depend on. The over-succession also alters the soil characteristics, making the soil more nutrient rich encouraging common plants to outcompete native dune species. 
[bookmark: _Toc216278054]3.3 Climate Change 
In addition to invasive species and dune succession, secondary threats like climate change compound the problem. Rising sea levels, are projected to increase by 30–60 cm by 2100, this, combined with higher storm frequency, poses significant risks to dune morphology and hydrology (Jones et al., 2017). The dune slacks already experience winter flooding of up to 0.5 m. Further rises in the water table and potential saltwater intrusion due to sea-level rise may alter dune slack moisture and salinity, reducing habitats essential for species such as the Liparis loeselii. Increased storm frequency due to climate change is likely to accelerate foredune erosion and drive landward retreat, causing coastal squeeze (Silva et al., 2020) - a process where dune habitats become trapped between rising seas and human development, restricting natural landward migration. This is particularly relevant at Kenfig, given the presence of the local community and recreational activities.
[bookmark: _Toc216278055]3.4 Anthropogenic Pressures 
All of these impacts can be compounded by anthropogenic pressures. Kenfig is a popular visitor location as it is on the outskirts of Porthcawl - a popular tourist destination and is situated between Kenfig beach, a golf club and a holiday caravan site. This results in trampling on the reserve which can damage fragile vegetation and accelerate erosion (Burden and Randerson, 1972).  
[bookmark: _Toc216278056]4. Management Actions Taken at Kenfig
Management at Kenfig is centred on maintaining the ecological biodiversity of its sand dune system through interventions. These actions address invasive species, dune succession, hydrological stability and anthropogenic impacts. These can be regulated and supported by key stakeholders including Natural Resources Wales (NRW), local volunteer groups and conservation Non-governmental organizations (NGOs).
[bookmark: _Toc216278057]4.1 Invasive Species Control
SeaBuckthorn (Hippophae rhamnoides) presents a significant threat to dune biodiversity by forming dense thickets that outcompete native vegetation. Management of this involves mechanical clearance of mature stands (Davies, 2023), followed by targeted herbicide application to prevent regrowth while being careful to minimise impacts on other local vegetation.
Cleared areas can then be restored with pioneer species (Brown, 2025) such as marram grass “Ammophila arenaria” to stabilise sand and maintain open habitats essential for rare species like the Liparis loeselii. Locally to Kenfig volunteer groups and NGOs frequently assist with clearance and monitoring.
[bookmark: _Toc216278058]4.2 Dune Succession Management
To prevent over-succession and scrub encroachment at Kenfig, rotational grazing of livestock is used (Mitchell, 2008). The livestock, as shown in Figure 7 will graze on mature vegetation reducing coarse grasses and woody vegetation, preserving a areas of open sand, grassland and stabilised dunes. 
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[bookmark: _Toc216277590]Figure 7: Picture showing cattle grazing at Kenfig Reserve, (Bowen, 2022)
This is rotated across the dune system to reduce over grazing in specific areas. Where grazing alone is insufficient, targeted vegetation removal is undertaken to maintain habitat heterogeneity and support specialist flora and fauna. 


[bookmark: _Toc216278059]4.3 Hydrological Management
Kenfig’s dune slacks are low-lying depressions between dune ridges (Pye and Blott, 2013) and are highly sensitive to changes in water levels and salinity. To address risks to slack hydrology; water-table levels, flooding patterns and salinity are monitored regularly using specialist equipment, enabling early detection of hydrological shifts. The outputs of this monitoring inform the use of soft-engineering techniques designed to maintain natural processes and support dune dynamics.
At Kenfig, NRW has implemented turf-stripping works to promote the deposition of wind-blown sand.
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[bookmark: _Toc216277591]Figure 8: Image depicting turf stripping work being carried out at Kenfig (Pye and Blott, 2013)

The removed turf, as demonstrated in Figure 8 is then relocated in strategic positions to protect vulnerable dune slack habitats. In addition, managed realignment enables controlled inland retreat, reducing coastal squeeze and allowing dune migration. This natural movement helps protect dune slacks and maintain overall system integrity, supporting the dynamic hydrological conditions essential for slack ecology and preventing extreme hydrological change.
In addition, adaptive planning considers future scenarios of sea-level rise, ensuring interventions remain effective under changing climatic conditions. 
[bookmark: _Toc216278060]4.4 Anthropogenic Impact Mitigation
Kenfig reserve has a reserve centre that focuses on education strategies that aim to balance public access with habitat protection. They also maintain designated paths, signage, seasonal restrictions and fencing around sensitive areas of the reserve to reduce trampling and disturbance.
[bookmark: _Toc216278061]4.5 Stakeholder Collaboration
Many key stakeholders engage, in order to manage Kenfig’s ecology effectively. For example. NRW provides strategic oversight, while volunteers contribute to clearance and restoration. Conservation NGOs offer technical guidance, funding and community engagement.
Collectively, these integrated actions collaborate to manage and conserve Kenfig’s biodiversity, maintain dynamic dune processes and ensure the continued provision of ecosystem services.
[bookmark: _Toc216278062]5. Evaluation of Effectiveness of Management Actions 
Management interventions at Kenfig Reserve have achieved partial success, but challenges remain.
[bookmark: _Toc216278063]5.1 Invasive Species Control
Mechanical clearance and herbicide application has significantly reduced Hippophae rhamnoides density in targeted areas, restoring open dune habitats. Volunteer involvement has increased capacity for clearance and monitoring (Davy et al., 2006). However, eradication is difficult due Hippophae rhamnoides extensive root system and the sand itself act as a seed bank, allowing rapid regeneration even after clearance. Despite decades of effort, Hippophae rhamnoides still occupies large sections of the reserve and its nitrogen enrichment continues to alter soil chemistry, favouring competitive species. This indicates that while control measures slow further spread, they have not fully reversed its ecological impact.
[bookmark: _Toc216278064]5.2 Dune Succession Management
Rotational grazing has been effective in maintaining habitat heterogeneity and reducing scrub encroachment (Zhang and Baas, 2012). Grazing mimics natural disturbance, preserving open sand patches essential for species like Liparis loeselii. However, grazing alone cannot stop succession in all areas and scrub clearance remains necessary. Concurrently, rotational grazing and mechanical vegetation clearance shows sign of success, but this approach is reliant on consistent funding and livestock availability.
[bookmark: _Toc216278065]5.3 Hydrological Management
Monitoring programs and soft engineering measures, such as turf stripping and managed realignment, have helped maintain dune slack hydrology and reduce foredune erosion (Pye and Blott, 2014). This allows foredunes to migrate inland, helping to mitigate coastal squeeze. However, these measures cannot fully offset climate-driven threats such as sea-level rise and increased storm frequency. Adaptive planning is underway, but its success will depend on future implementation and integration with regional coastal strategies led by government initiatives.
[bookmark: _Toc216278066]5.4 Anthropogenic Impact Mitigation
Infrastructure improvements such as pathways, further signage and seasonal restrictions have shown reduced trampling in sensitive areas. In addition, educational initiatives at the reserve centre promote awareness, but visitor pressure remains high due to proximity to tourist destinations meaning informal paths still occur. Enforcement of restrictions is challenging but considering the volume of visitors the trampling off of popular paths is minimal.
[bookmark: _Toc216278067]5.5 Overall Assessment
Kenfig’s management actions have slowed habitat degradation and maintained key ecological processes, but they have not fully restored conditions for species such as the Liparis loeselii, which has declined by 90% since the 1990s. Persistent invasive species, accelerating succession and climate change present ongoing challenges. True, sustained management will require increased funding and resources, as the site is currently managed by a charitable trust with limited capacity to deliver large-scale interventions.
[bookmark: _Toc216278068]6. Future Recommendations 
To secure Kenfig’s long-term ecological integrity, a proactive and dynamic management style must be implemented over a reactive management style. 
[bookmark: _Toc216278069]6.1 Enhanced Invasive Species Control
Hippophae rhamnoides remains the most pressing threat, with the sand acting as a persistent seed bank. Future management techniques should adopt a combination of large-scale mechanical clearance or controlled burning and follow-up treatments using environmentally sensitive herbicides. Restoration planting with pioneer species must continue, but success will depend on sustained monitoring and rapid intervention to prevent recolonisation. Drone surveys and mapping could also be carried out (Vikranth Madeppa, 2023) at a regular basis to achieve this by detecting early growth and clearance of Hippophae rhamnoides before it matures and becomes unmanageable. 
[bookmark: _Toc216278070]6.2 Strengthening Succession Management
Rotational grazing should be expanded and better integrated with scrub clearance programs. Introducing adaptive grazing regimes, informed by vegetation surveys, will help maintain habitat heterogeneity. Funding for livestock management and infrastructure is essential to ensure continuity and longevity. 
[bookmark: _Toc216278071]6.3 Climate Adaptation and Hydrological Resilience
Given projected sea-level rise and storm frequency, hydrological monitoring must be coupled with dynamic coastal planning (Arens et al., 2013). Managed realignment should remain central, allowing foredunes to migrate inland and reducing coastal squeeze. Investment in soft engineering, such as sand fencing and sediment trapping, will help maintain dune morphology and slack hydrology.
[bookmark: _Toc216278072]6.4 Visitor Management and Education
Although successful, visitor pressure requires stronger enforcement of access restrictions and expansion of educational outreach (Gurung and Rutledge, 2014). This could be carried out by digital engagement such as interactive apps or further social media marketing to reach a further demographic while maintaining the public interest. 
[bookmark: _Toc216278073]6.5 Funding and Governance
Sustainable management will require increased funding and resources. As Kenfig is currently managed by a charitable trust, financial limitations constrain large-scale interventions. Securing long-term funding through government grants, conservation partnerships and community-led initiatives is crucial. Collaborative governance involving NRW, NGOs and local stakeholders could be formalised through a technical working group to ensure strategic continuity and accountability and timeliness of effective corrective measures.
By implementing these measures, Kenfig can transition from short-term fixes to a proactive and adaptive management system capable of protecting biodiversity and ecosystem services under future climate and anthropogenic pressures.

[bookmark: _Toc216278074]7. Conclusion 
Kenfig one of the UKs most important coastal dune systems, but it faces persistent ecological challenges from invasive species, accelerated succession, climate change and visitor pressures. Management actions including Hippophae rhamnoides clearance, rotational grazing, hydrological monitoring and visitor impact mitigation have delivered partial success, slowing habitat degradation and maintaining some dynamic processes.
However, the continued decline of Liparis loeselii populations and the resilience of Hippophae rhamnoides highlight the limitations of current strategies. Climate driven threats further compound these issues, requiring adaptive, long-term solutions. True progress will depend on increased funding and resources, as the site is currently managed by a charitable trust with limited capacity. Formalising collaborative governance and integrating climate adaptation measures will be essential to secure Kenfig’s biodiversity and ecosystem services for future generations.
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