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Executive summary 
Naturally, participation in outdoor recreation impacts the environments it takes place in (McCullough, et al, 2018). This report has identified problems that are impacting Llys-y- Frân Lake, discovered during a research fieldwork study. It is important to recognise that areas such as Llys-y- Frân have a dual purpose (Manning and Anderson, 2012), firstly to protect and maintain the resource, which is the reservoir and, secondly to offer access and use to the public as a means of recreation. Inevitably there is a collision of interests inherent with these areas (McCullough, et al, 2018). Therefore, this report has been constructed to provide a strategic management plan for: conflicts between recreationists, soil erosion/compaction and water contamination. These strategies have been informed by different frameworks, theories, and literature such as limits of acceptable change, indicators and standards of quality, carrying capacity and, recreation opportunity spectrum. The selection of management strategies have been implemented from Manning, Anderson and Pettengill’s (2017) management matrices.	Comment by Dafydd Millns (2105094): should they be puerly from them

 
Introduction: 

Background of Llys-y- Frân:
[bookmark: _Hlk164855818]This report has been constructed as a strategic management plan for Llys-y- Frân Lake that will allow the area to flourish whilst its visitors will be better able to enjoy high quality outdoor recreational activities. This is due to the importance of maintaining the connection that outside areas and recreation intimately share for people (Manning and Anderson, 2012). Llys-y-Frân is situated in North Pembrokeshire nestled beneath the Preseli Hills (Llys-y-Frân, 2024a) offering a range of activities from cycling and walking on the 14km (Visit Wales, 2024) of trails to paddle sports and fishing (Llys-y-Frân, 2024b). Originally opened in 1972 to supply water to south Pembrokeshire, and more recently, after receiving a £4 million major investment re-opened to the public in 2021 after refurbishing the visitor centre and opening new amenities (Llys-y-Frân, 2024d). There is an onsite campsite, adventure playground and a host of land and water activities for all ages. With over 350 acres of woodland, grassland and lake (Llys-y-Frân, 2024c) to enjoy there is enough for a family fun day out. Described as “A hub for health, wellbeing and recreation brought to you by Welsh Water” by Visit Wales (2024).


Specific Problems:
During a visit to the site three impacts at site were identified which this report aims to address with the proposed suggestions. The first is conflicts between recreationists. Conversations with Geraint Davies the Visitor Experience Manager (Davies, 2024) mentioned that the largest issue they face is conflicts between recreationists, mainly between walkers and mountain bike (MTB) riders. The second is soil erosion and compaction through visitor numbers, both on the walking trails and mountain bike trails. Lastly potential water contamination from vehicles and mountain bikes passing through water inlets to the lake was an area of further concern for Davies.

Management Plan Overview:
Having introduced this report, it is important to understand the structure moving forward. Therefore, this management plan will firstly establish the identified problems at Llys-y-Frân lake and the significance they pose towards sustainability, participant satisfaction and continued use of resources. Then frameworks and theories will be introduced to highlight the relevance of such management strategies. Lastly the report will then detail the specific management strategies employed as a means in combatting the associated impacts.

Impacts at site – Defining the problem:  
As previously mentioned, sites like Llys-y-Frân are dual purpose, through the process of opening an area like this to the public to use for outdoor recreation inevitably invites some conflict of interest and resource use. This section will describe the impacts noted at Llys-y- Frân, furthering this I shall introduce management strategies to be actioned to mitigate further regression on the sites natural resources whilst attempting to increase visitor experience.
“Visitor-caused trampling, noise, and pollution can lead to the degradation of a park’s natural and cultural resources” (Manning, & Anderson, 2012, p.10). Manning, & Anderson (2012) imply that impacts of outdoor recreation fall into three categories recreational use, quality of visitor experience and lastly park facilities. Conflicts between recreationists falls into visitor experience, soil erosion/compaction falls into recreational use and water contamination falls into parks resources.



Conflicts Between Recreationists – Visitor Experience 
Davies (2024) expressed concern over how conflicts between dog walkers and MTB riders are regularly occurring at Llys-y- Frân, these conflicts impact the visitor experience and can affect the way they feel about a place, affecting their sense of care and responsibility towards protecting this environment. An example given by Davies, when dog walkers allow their dogs off lead, which isn’t allowed results in dogs running in front of MTB riders. Another example given was MTB riders joining the walking trails too fast and causing collisions with walkers.
Conflicts in outdoor recreation is well documented between different groups of participants (Manning, 2011; Manning, & Anderson, 2012). Petersson-Forsberg (2014) expresses that Outdoor recreation frequently finds itself marginalized within municipal planning processes due to the presence of competing and conflicting land-use priorities. 

Soil Erosion/Compaction – Recreational Use
Soil erosion and compaction are interlinked with MTB (Wißler, 2023) though when an area has a greater selection of routes these impacts are dispersed, the issue lies with excessive use of a particular track or section. During this visit and others, I identified several areas along the MTB trails where soil erosion and compaction was evident. Compacted soils are less permeable by air and water resulting in muddiness, runoff, and erosion, combined with wet weather increases these issues, “water could be the biggest trail destroyer of all” (Darlow, 2015). Once erosion to soil has begun it is hard to reverse the impacts even if recreational impacts are removed (Manning, & Anderson, 2012). Some common types of outdoor recreation-related impacts are demonstrated in the table below.
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(Manning, & Anderson, 2012, p.11)

Water Contamination – Parks Resources
Following on, the above table can also be used to understand impacts to water, though for this circumstance I have allocated it into parks resources, linking back to the dual purpose of the site, its primary purpose is to supply water to south Pembrokeshire. Davies (2024) expressed the need to create bridges over water inlets surrounding the lake as a means of reducing the potential risk of water contamination from vehicles and MTBs. He informed us that this is something that he has been trying to achieve for a couple of years, the main barrier is the cost. He alluded to the impact of developing this would increase useability and access, reduce soil erosion and mitigate all potential water contamination points. 






Frameworks and Theories:   

Indicators and Standards of Quality:  
Indicators are specific, measurable variables that reflect the conditions of a resource or management zone, combining these with established standards that define the minimally accepted condition (MAC) (Lime et al., 2004) for biophysical and visitor experience (Hammit, Cole, & Monz, 2015) results in the ability to measure conditions of change and implement further management strategies (Vaske et al., 2002). Biophysical impacts are measured through resource indicators, visitor experience is measured in social indicators, both contextually to resource quality. Such indicators are valuable to understand the impacts upon an environment and when to intervene, these indicators also feed directly into a limit of acceptable change, as detailed next. 

Limits of Acceptable Change:  
Nature changes, as do landscapes, it is undeniable that with human influence change is sped up (McCullough, et al, 2018; Goodwin, 2019). When this human intervention is increased so far, the implementation of management strategies and practices must be actioned before what is acceptable or tolerable within a specific environment is no longer achievable (Pigram, & Jenkins, 2006; Goodwin, 2019). From this understanding the ‘Limits of Acceptable Change’ framework (Manning, & Anderson, 2012) is demonstrated. This framework provides a visual representation of the interconnectedness between ‘Visitor use’ and ‘Impacts of Outdoor Recreation’, for one does not increase without the other. This framework is crucial at identifying when the impacts become too strenuous on the environment and its resources. A limitation of this framework is the subjectivity of user, this user determines the limit of acceptable change “the trick is to set the right limits.” (Goodwin, 2019). Therefore, it is key that whoever is designating these limits needs to be fully aware of the environment, its resources and the opinions of site visitors (Pigram, & Jenkins, 2006).
Impacts of outdoor recreation
Visitor use
X1
X2[image: ]
Y1
Y2

(Figure 1- Limits of Acceptable Change, Manning and Anderson, 2012, p. 6)

Carrying Capacities:
The concept of carrying capacity in site management serves as a crucial tool in mitigating adverse effects of visitor impacts on natural environments (Goodwin, 2019; Lime etal., 2004), recognised by Hammit, Cole, & Monz (2015) as the underpinning rationale for management strategies. It delineates the maximum number of individuals permitted within a specific site at a specific time (Prato, 2001), aiming to prevent overwhelming pressures that can lead to environmental degradation. Soil erosion/compaction are among the detrimental consequences of recreational activities (Walking and Mountain Biking) that can degrade the quality of an area’s environment and its natural resources (Manning, Anderson, & Pettengill, 2017). By regulating visitor numbers, this management strategy seeks to curtail such impacts, affording greater sustainable use of the site. Managing carrying capacity involves assessing both ecological resilience and visitor experience, striking a delicate balance between accommodating visitors and preserving site integrity. As visitor numbers surpass sustainable limits, the concept expands beyond ecological thresholds to include social and experiential dimensions of visitor satisfaction (Manning, 2002). Carrying capacity quantifies the threshold at which a park's natural resources become unacceptably impaired by human activity, recognizing that exceeding it jeopardizes environmental health and compromises the site's intrinsic value (Timmons, 2019). Consequently, the imperative to manage visitor numbers is underscored to maintain the integrity of recreational sites.
Recreation Opportunity Spectrum:
The Recreation Opportunity Spectrum (ROS), outlined by Hammit, Cole, and Monz (2015), provides a framework for understanding the varied conditions at recreational sites along a spectrum. This includes factors like presence of wildlife (Resource Conditions) desired levels of solitude (Experiential Conditions), ranging from remote, wild spaces to nature reserves with moderate visitor encounters, all the way to urban areas bustling with activity. Similarly, considerations extend to resource conditions, such as the development of facilities and management practices (Managerial Conditions) (Manning, Anderson, & Pettengill, 2017) all of which sit within the indicators and standards of quality. These elements are crucial in site design and management for they directly impact on visitors’ experiences.


Wild
Urban
Wild animals present
High levels of solitude
No Development
Resource conditions (e.g. presence of wildlife)
Experiential conditions (e.g. level of solitude)
Managerial conditions (e.g. facility development)
Domesticated animals present
Low levels of solitude
High level of development

(Recreational Opportunity Spectrum, Manning and Anderson, 2012)

Summary of Frameworks:
In summary, indicators and standards of quality can be measured with the actioning of limits of acceptable change, these two combined informs further management strategies like understanding the carrying capacity of a particular location or area within a site or the site as a whole. This information then can filter into the ROS as this outlines and interpreters multifaceted information that links to resource conditions, experiential conditions and managerial conditions. Ultimately, I feel the ROS is the outcome of management strategies understood from multiple avenues.	Comment by Dafydd Millns (2105094): is it about what you think



Management Strategies – Solutions to Problems  

Below is a visual representation that has combined four matrices that detail management practices and strategies to combat identified problems in outdoor recreation areas.
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Conflicts Between Recreationists  
Using a combination of the matrices, conflicts can be managed in several ways, the first strategy I have selected to employ is Education: (Appendix 4) “55b.  Educate visitors about how to avoid conflict with other groups” and (Appendix 2) “55c.  Educate visitors about the potential for conflict” & “55d.  Promote behaviour that reduces conflict”, this can be actioned through signage, details on the website/social media and lastly verbal conversations with visitors. Secondly, I have chosen Facility Development: (Appendix 4) “60.  Develop facilities/services (e.g. trails) for conflicting groups in separate areas”, this strategy forms a dual purpose, not only will this enable recreational users access to more locations to avoid each other but also aid in reducing soil erosion and compaction.
	

Soil Erosion/Compaction 
Studying the matrices, there are many strategies for promoting soil regeneration, I have selected. Firstly Education (Appendix 4) “1.  Inform visitors of current conditions (i.e. soil compaction, erosion)”. Educating visitors of their impact is imperative in combatting the issue (Marion & Reid, 2007). Secondly, Facilities Development “6b.  Develop facilities (e.g. rock steps, wooden boardwalks) to “shield” fragile soils”, “6e.  Close and rehabilitate impacted area” and, “6f.  Maintain/repair damage to compacted and eroded soils”. The combination of these will alleviate the impacts and allow repairs to take place to reduce further damage. Finally, Rationing Allocation (Appendix 1) “2c.  Set capacity (for site, park) and allocate access by fee system”, currently there is only a carparking fee to access the site, if this was increased the potential number of visitors may also decrease to further alleviate impacts to the soil. Davies (2024) mentioned that there are issues surrounding development of existing trails or creating new trails, due to the impacts this could have on the natural inhabitants surrounding the lake. 

Water Contamination
Continuing to utilize the strategies within the appendices, I have opted for several strategies to combat the impact presented from vehicles and MTB riders crossing the lakes water inlets. Rules/Regulations (Appendix 1) “15d.  Require special knowledge/skills for entry/use vehicles.” Primarily considering the vehicles that cross waterways. Information/Education (Appendix 3) “13d.  Inform visitors of acceptable and unacceptable recreation activities (e.g. no motorized uses)”, more so aimed towards MTB riders and informing them to cross streams using provided bridges. To further aid this Facility Development “18c.  Design facilities and services to minimize impact” the construction of more bridges to mitigate all possible water contamination from this identified problem, further action from Appendix 4, Facility Development “18b.  Develop facilities (e.g. piers, bridges)”.

Management Plan Conclusion 
Having established the dual purpose of Llys-y-Frân this report set out to detail some of the issues discovered surrounding sustainable management plans to promote a flourishing site that still allows for maximum recreational opportunities to all. The issues outlaid within the report were identified during a field trip and further visits to the site. These issues were discussed in the context of ecological thresholds and experiential dimensions of visitor satisfaction. As such the strategies I have selected are best suited to combat the problems and their associated impacts plus maintain the wonders of the site itself. The utilized frameworks highlight the importance and processes required at managing sites such as Llys-y- Frân and the selected strategies I feel are best suited to the requirements of this specific site. Further to this, these management strategies should improve the issues described promoting further sustainable use for Llys-y-Frân.
Word count: 2436 (exc content page)
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research has been conducted on soils and vegetation (Monz e al.. 2010), but water, wildlife, air and other park res
darkness, and historical and cultural resources, are receiving increasing attention.
Table 2.1 Common types of outdoor recreation-related impacts. (From Leung and Marion, 2000.)
Ecological component
Soil Vegetation Wildlife Water

Direct effects

Indirect/derivative
effects

Soil compaction
Loss of organic litter

Loss of mineral soil

Reduced soil
moisture

Reduced soil
pore space

Accelerated soil
erosion

Altered soil microbial
activities

Reduced height and
vigor

Loss of ground
vegetation cover

Loss of fragile species

Loss of trees and
shrubs

Tree trunk damage

Introduction of exotic
species

Composition change

Altered microclimate

Accelerated soil
erosion

Habitat alteration
Loss of habitats

Introduction of exotic
species
Wildlife harassment

Modification of wildlife
behavior

Displacement from
food, water, and
shelter

Reduced health and
fitness

Reduced reproduction
rates
Increased mortality

Composition change

Introduction of exotic
species
Increased turbidity

Increased nutrient
inputs

Increased levels
of pathogenic
bacteria

Altered water quality

Reduced health
of aquatic
ecosystems
Composition change

Excessive algal growth

Providing support for the earth’s plant and animal life. soils are complex systems of living organisms. mineral particles. air. water. and light (Hammitt ez al..
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5 Applying Outdoor Recreation Management

Chapter 2 through 4 take a systematic approach to inventorying and describing problems that can be caused by outdoor recreation, as well as the range of
management strategies and practices that can be employed to address these problems. Problems caused by outdoor recreation were categorized into 16 types
organized into three basic categories: park resources, the visitor experience, and park facilities and services. Management practices were categorized in two
ways: strategies and tactics/practices. Four basic strategies were defined and six categories of management practices can be employed within each of the four
strategies.

Management Matrices

This systematic way of thinking about problems and management strategies and practices offers the basis for constructing an organized and comprehensive
approach to managing outdoor recreation. This approach relies on a series of matrices such as the one shown in Fig. 5.1. In this figure, the 16 types of
problems that can be caused by outdoor recreation are arrayed across the top of the matrix, and the four strategies and six practices that can be used to
manage these problems are arrayed along the side of the matrix. Since there are four strategies with six categories of practices under each, this requires use of
four matrices (one for each of the four strategies). The matrix in Fig. 5.1 is for the strategy of limiting use. The other three strategies—increase the supply of
recreation opportunities, reduce the impact of use, and harden the resource/experience—are shown in Figs 5.2, 5.3, and 5.4, respectively.

Management practices Problems
Strategies Practices Impacts to resources Ie';'g:ﬁ'esna Impacts to facilities/services
@
£
3| € 2 3
g2 3lg ER -
2 x 4 o = 2 £ &
< S| & |9 z|® S| 2| e
s S|S|F|e g |s el &3
s 2 s|ls|€e|s S| % 23| g
2 3 5|58 2 =8 g1 8|8
" g g s|s5|2|¢8 o s | 8|2
Limit use > = z z I (5} o < o [ S
Information/Education 7 9 49 79 | 8 | 91
Rationing/Allocation 80 | 86 | 92
Rules/Regulations 81 | 87 | 93
Law enforcement 82 | 88 | 94
Zoning 83 | 89 | 95
Facility development/Site
design/Maintenance 6 12 18 | 24 | 30 | 36 | 42 | 48 | 54 | 60 | 66 | 72 | 78 | 84 | 90 | 96

Fig. 5.1 Management matrix for the strategy of limiting use.
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Each matrix includes 96 cells—the intersections of problems and management practices—as numbered and shown in the figures. Each cell has the
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Management Practices for Reducing 22 by that row of the matrix) that might be used to address the problem defined by that column of the matrix. For example, cell number I in Fig. 5.1 is defined
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