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Executive Summary 

The purpose of this report is to offer solutions for the issues that are currently hurting the natural landscape and visitor experience at the reservoir Llys-y-Frân in the Preseli hills' foothills. Three main issues were noted: confrontations between kayaks and paddleboarders and fishermen; damage to the landscape caused by mountain bikes; and off-trail trekking by walkers that damage the vegetation. Subsequently, other ideas and frameworks were introduced that would assist in addressing these issues. In order to portray the issue on a bigger scale, the highlighted concerns were then examined in more detail and contrasted with the body of existing research. Ultimately, a variety of approaches were put out to address these issues in accordance with the management matrices developed by Manning, Anderson, and Pettengill (2017) and the literature's suggestions.
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In order to ensure that Llys-y-Frân Lake remains well maintained for both tourists and the natural world, this report will develop a sustainable recreation management strategy for this space. This is significant because, according to Manning and Anderson (2012), "parks and outdoor recreation are intimately connected," which means that these two elements must always be considered in the management of any outdoor area. 

Llys-y-Frân Lake is a man-made reservoir that is located in the Preseli hills' foothills (Welsh Water, 2024a). Opened in 1972,  the entire site comprises 350 acres of woodland, grassland and lake (Welsh Government, 2024). Water from the lake is used to supply water to much of Pembrokeshire. In addition to being a haven for nature and wildlife, Llys-y-Frân acts as a hub for outdoor sport recreationists and naturalists alike. In particular, water sports, angling and mountain biking (Welsh Water, 2024c) are core activities on the site as well as other land based pursuits such as walking, children's adventure playground, and nurture activities (Welsh Water, 2024a). 

The facility hosts a tea room and gift shop as well the ability to hire sporting equipment and receive lessons (Welsh Water, 2024b). To provide year round interest, the operators of the site offer seasonal activities such as arts and crafts and camping (Welsh Water, 2024a). 
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Considering the dynamics and inherent needs of operating and maintaining a facility such as Llys-y-Frân, people must be cognisant of a plethora of social, physiological and environmental factors and then furthermore be able to entwine and embed such concepts to realise an inclusive and complementary space for users to derive benefit and value. Aly and Dimitrijevic, (2022) recognise that more efforts are being directed towards more engaging green spaces but is also aware that there is a disjoin with regards to their upkeep and management thereof. To this end there are a number of key theories and frameworks which must be considered in any viable Management Plan.

[bookmark: _Toc165389853][bookmark: _Toc165390746]Carrying Capacity:
Carrying capacity is a concept that has been widely applied in tourism and recreation studies since the 1960s, although some authors trace its emergence to as far back as 1930 (Kennell, 2016). Measurements of carrying capacity were first used as a way of deciding optimum stocking rates in agriculture. In addition, measurements of carrying capacity have been utilised in fields such as ecology, biology, and population studies. In livestock studies, carrying capacity was defined as the maximum number of grazing animals that could make use of a defined area and this natural resource based tradition of carrying capacity has informed many studies in tourism (Saarinen, 2006), which have sought to arrive at a single, ideal number of tourists who can make use of a tourism resource at any given point, using a variety of ‘scientific’ methods. Carrying capacity was one of the earliest attempts to define the limits of tourism growth, as concerns over the impacts of the tourism industry emerged in academia and policy communities. The management plan should consider Carrying Capacity to ensure that the patrons and users of the Llys-y-Frân facility can do so comfortably and without impedance. Getz (1983) splits carrying capacity into six categories: physical, economic, perceptual, social, ecological and political. 
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The Limits of Acceptable Change (LAC) process was developed to deal with the issue of qualified recreational carrying capacity. With this intent, the LAC process sought to explicitly define an understanding between visitor experience protection and the recreation goals afforded by the facility. The most important aspect of this process is the realisation of a specification of LAC standards that define the minimally acceptable condition (Cole and McCool, 1997). A management plan should have clear objectives with regards to user experience within the context of the facility. Quantitative and or qualitative parameters need to be established to measure the efficacy of minimal conditions as defined by the Limits of Acceptable Change. 
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All quality indicators must ideally possess a variety of attributes that are relevant, authentic, and valid. Furthermore, such means of assessment must be objective.
Indicators and standards help define and measure the sustainability of outdoor recreational areas  by offering empirical expressions of management objectives.  At  Llys-y-Frân  identified  indicators and standards of quality could include issues such as environmental impacts, crowding, and conflict (Manning and Freimund, 2004).

[bookmark: _Toc165389856][bookmark: _Toc165390749]Recreation Opportunity Spectrum:
Another consideration when determining a meaningful management plant will be the application of the Recreational Opportunity Spectrum (ROC). The method enables the evaluation of different management scenarios and their effects on outdoor recreation for various defined planning events by enabling managers to integrate outdoor recreation settings into planning at a very early stage. Furthermore the system is particularly useful when applied to large managed outdoor spaces that lack quality data about outdoor recreation use and characteristics, but are committed to the maintenance of environmental conditions because the approach is able to quantify and forecast outdoor recreation settings and associated opportunities (Harshaw and Sheppard, 2013). This solution recognises that even people within the same user group, such as mountain bikers, may also have different preferences suggesting that simply one size does not fit all (Gundersen, Tangeland and Kaltenborn, 2015). 
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Despite the fact that outdoor settings like the one used in this study can be fantastic locations for everyone to enjoy, Manning and Anderson (2012) state that "too much recreation or inappropriate recreation activities can threaten the integrity and can degrade the quality of the experience." Thus, it is to be expected that locations such as Llys-y-Frân Lake may encounter issues; some of these will be discussed in this section.

As was already indicated, paddle sport users such as kayakers, canoers, and paddleboarders, often have disputes with fishermen which can have an adverse effect on the experience of visitors from both parties. For instance, a fisherman may believe that a paddler has scared away fish if the paddler gets too close to him, more so if the paddler is inexperienced or unnecessarily making too much noise or splashing. Conversely, it could be construed that an angler's fishing line is obstructing the paddlers' path or confining them to specific areas of the lake without consideration. These two instances have the potential to incite hostilities between the two parties, spoiling each one's trip to the lake and maybe decreasing the likelihood that they will return.

Different disputes between different recreational groups may be frequent occurrences across the nation (Hubbard, 2019). But these confrontations are not always genuine; sometimes they are just the result of one group believing that the other is destroying their experience while, in reality, nothing is happening directly to them (Dudley, 2017). Dudley (2017) gave the River Seiont in North Wales as an example of a fantastic place for anglers and paddlers. Since the early 1980s, this issue has led to friction between the two recreational groups, to the point where stones have been thrown at passing paddlers, and tyres on cars have been punctured as escalations grew.

Despite the fact that Llys-y-Frân has a variety of mountain biking paths, riders have been deviating from the path, resulting in damage to the surrounding flora and vegetation (Welsh Water, 2024d). In addition, the pathways have been deteriorating due to the large ruts that are accumulating in the earth, whose decay is further expedited by wet weather This implies that in order to lessen the harm being done to the surrounding region of the trails, the mountain bike facilities need to receive some maintenance. However, a study by Mountain Bike Rider (MBR) suggested that booted feet and hooves cause more damage to soil erosion when walking or riding off track than bike tyres (MBR, 2015). 

It is deemed logical for mountain biking activities to have an impact on the environment through soil erosion, soil compaction, changes in the vegetation, and eventually, to modify the landscape, because mountain bikes typically have aggressive tread on their tyres to facilitate grip and can be wide in girth (Goeft and Alder, 2009; Martin and Butler, 2021). Thus, it is essential to plan dedicated cycle paths appropriately to prevent erosion brought on by mountain bikers (Goeft and Alder, 2009). However, even the act of developing these facilities and subsequent path construction brings about problems of its own because it has an adverse effect on the environment (Martin and Butler, 2021). In a Symmonds et al. (2000) study, research has demonstrated that mountain bikers typically believe other recreational user groups have a greater environmental impact than themselves and are unaware of their own. Pickering et al., (2010) suggest that Biophysical impacts from hiking are better researched and mountain biking and as such it is hard to assess relative impacts as there is little research, particularly using quantitative experimental methods and more realistic riding styles.

The use of off-trail hiking will be the last issue covered in this study. Off-trail hiking and walking, as the term suggests, is the deliberate straying from the established path to make one's own way across the surrounding area (Tackett and Destination Backcountry Adventures, 2021). The sustainability of a natural environment is threatened by this walking style because it can harm the surrounding vegetation that grows along the footpaths (Barros et al., 2020). In particular soil erosion, soil compaction, and nitrification changes as well as alterations in hydrology and the exposure of roots, rocks, and bedrock (Pickering et al., 2010). 

This is especially true as more users adopt this walking style and venture off the route (Winter, 2006). This threat will only rise as long as the outdoor tourist and recreation sector continues to expand, as it has in recent years (Fresque and Plummer, 2009; Office for National Statistics, 2021; Coppes et al., 2017). Because of the strain this places on the ecosystem and species, it is even more important to safeguard them (Coppes et al., 2017). For instance, it can frighten the wildlife, forcing them to relocate farther away from people, which can be challenging in a small area like Llys-y-Frân Lake (Coppes et al., 2017). 
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The ability to offer exemplary quality recreational opportunities whilst protecting the natural environment in which the activities take place can be very challenging (Park, Marion and Wimpey, 2022). To this end, it becomes important to apply this rationale when attempting to derive valuable and innovative solutions to mitigate problems such as those identified at Llys-y-Frân. This section will suggest strategies to help resolve or alleviate the identified problems to make Llys-y-Frân Lake recreation use more sustainable and enjoyable for all.
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When considering the interaction between lake based watersport users and bank side anglers, several solutions are present. The first would involve creating clearly defined demarcation boundaries between the two disciplines with the use of buoy strings or similar thus segregating the respective sports physically. Expanding on this, further consideration could be given to identifying dedicated areas of the lake for singular activities  (Manning, Anderson and Pettengill, 2017). This would remove diverse user group interaction and potential conflict but there would still need to be an element of policing to negate any deliberate disobedience. A second option would be to introduce a suit of enforceable rules and regulations that have penalties associated with them if not adhered to (Manning, Anderson and Pettengill, 2017). Such a scheme would require a members charter or similar by which paying members agree to abide by the management rules or face consequences such as member suspension or exclusion. Such a scheme would provide clear boundaries and assist with the resolution of conflict (Levine, Taylor and Best, 2011), but it is recognised that when rules are mandated it helps to stop conflicts from arising as people are aware of their responsibilities.
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On and off path soil erosion and vegetation damage can be tackled in a number of ways. Educating users, advising them of the current conditions and more importantly where there are areas of concern and how to navigate these bits of terrain without causing further detriment (Manning, Anderson and Pettengill, 2017). In addition to this, the use of infographics and signposts with regards to what is acceptable to ride on and what is not and then detailing the consequences of their actions with regards to the immediate environment and ecological dependencies.   It is hoped that such messaging will act as a deterrent. 

According to  Symmonds et al. (2000)  mountain bikers were unaware of the impact that they had. However, the study by MBR (2015)  concluded that water was the biggest risk to path erosion as it suggested that when a trail was wet, very steep or riders skidded more, erosion was worse. An alternative solution would be to design innovative solutions to help protect the intrinsically more fragile areas that the cycle paths pass through (Manning, Anderson and Pettengill, 2017). This could include the installation of wooden boards or laying metaled surfaces like gravel to help reinforce areas prone to damage. 

The management plan must however recognise that even with reasonable mitigations in place, the very nature of the sport will induce wear patterns of the ridden surfaces and that poor and wet weather may well exaggerate and expedite the erosion process To this end the plan must allow for suitable maintenance regimes to keep the cycle paths in good condition thus deterring riders from seeking alternative routes.
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Similar to the control measures suggested for mountain biking, signposting paths and trails to educate walkers on the effects going off path has on the environment and subsequent natural dependencies would prove effective. National parks such as Acadia on America's Atlantic cost have deployed the use of cairns and painted way markers to clearly mark the dedicated path (Park, Marion and Wimpey, 2022). The effectiveness of such schemes has been challenged by the like of Winter (2006), who argues that the efficacy of these markers is very much dependent on the placement of the sign, and the clearness and subsequent length of the messaging. If these metrics are satisfied, there is a much better chance of success. 

Determining in a set carrying capacity can help reduce the amount severity of damage done to the natural world (Manning, Anderson and Pettengill, 2017), providing there sufficient indicators and standards of quality and acceptance as well as limits of acceptable change.  In the context of using the  Llys-y-Frân facilities a date / time booking system could be implemented to manage people flow. 
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This report has discussed several frameworks and theories, outlining how they have been taken into consideration and later implemented. The discussion then moved on to concentrate particularly on the effects that various outdoor recreational pursuits have on the environment and experience at Llys-y-Frân Reservoir. Ultimately, a review of these similar ideas demonstrated a possible way to solve the various issues. However, It did also demonstrate how, despite the measures that can be implemented, harm to the natural area surrounding the lake is unavoidable; as such, there is a need to reduce this impact.
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