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Executive Summary 

Project Overview 

Spatial data on marine recreation activities in Southwest Wales provides an unprecedented coverage of 
activity footprint, seasonal usage and temporal change through the Wales Activity Mapping (WAM) 
database. Developed by Pembrokeshire Coastal Forum, WAM provided an opportunity to carry out a 
pilot study to model and map the potential risk to marine conservation features.  This report presents 
the pilot study, delivered by GoBe Consultants and funded by Natural Resources Wales (NRW), the 
Welsh Government and Pembrokeshire Coast National Park Authority (PCNPA).  

Approach 

Informed through an initial literature review, this study has applied and adapted sensitivity matrices that 
were specifically developed for marine recreation activities, as produced for NRW and Natural England.  
Drawing on other spatial data provided by the Welsh Government on the distribution of marine habitats 
and Marine Protected boundaries for which mobile species are designated, the WAM tailored sensitivity 
matrix has been applied spatially to map the sensitivity of features where these physically overlap with 
activities.  

Model Outputs 

Spatial products developed account for multiple activities impacting on any one feature, whereby the 
sensitivity values for all contributing activities have been combined,  providing a cumulative total or 
‘score’. Similarly, a cumulative value has been calculated for each activity from all overlapping features, 
as well as an overall combined score for all activities and all features.   

Due to the pilot nature of the study, several methods to combine sensitivity values were tested using 
various combinations of sum / total, maximum and average. It was found that of these, the sum / total 
was of most use in the assessment of potential impacts as this informed on the scale of interactions in 
any one area and therefore the level of effort required to manage.  The ‘maximum’ was also considered 
useful as a first stage assessment to enable and facilitate identification of  where to focus management 
efforts, in a more simplified format. 

As it was not considered appropriate to map confidence in the potential risk maps, owing to the highly 
iterative process to obtain confidence from multiple sources of information, alternative products were 
developed to inform interpretation of the outputs. These included mapping of activity intensity, 
calculated as the number of participants per year; and maps of the number of interactions between 
features and activities taking place in any one area.   

Whilst the outputs show hotspots of sensitivity, activity intensity and number of interactions in 
particular areas, for example Camarthen Bay, the breakdown of outputs revealed that mobile species 
comprised the most significant reason for elevated scores where these occurred across the whole 
region. 

Model Scope 

Based upon the availability of both spatial data and feature sensitivity values, this project has been 
carried out within the following scope: 

• Model extends from Mean High Water Springs to offshore extent of WAM data (which is within 
12nm of coast), covering an area from the Swansea vicinity (up to Ogmore-by-Sea in southeast 
Wales) to just north of Cardigan (up to Llangrannog in south to mid Wales), defined by a 100 x 
100m model grid. 
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• Habitat features modelled include the Article 17 features of estuaries, large shallow inlets and 
bays, mudflats and sandflats not covered by seawater at low tide, sandbanks slightly covered by 
seawater all the time, reefs and sea caves, where confidence in the data was medium or above. 

• Mobile species modelled include species groups of fish, birds and marine mammals (excluding 
haul out sites), which were assumed to be present across any Marine Conservation Area, Special 
Area of Conservation or Special Protected Area they are designated for. 

• Recreation activities modelled included the 44 WAM activities with exception of quad biking, 
shooting, other non-listed activity, overnight camping, wild camping and event hotspots (noting 
that some of these would take place above MHWS in any case and would therefore be beyond 
the model boundary) due to lack of sensitivity data specific to these activities. 

• Sensitivity values for each activity encompassed disturbance effects of i) abrasion / disturbance 
of the substrate surface, ii) abrasion / disturbance below the substrate, iii) underwater noise, iv) 
above water noise changes and v) visual disturbance. 

• Extractive activities, including sea angling, gathering living resources and bait digging, were only 
modelled for habitats (not mobile species), due to lack of sensitivity data specific to these 
activities for mobile species. 

• The model was developed within the ArcGIS and Excel environments. 

Limitations 

All data used in the model were derived from external sources and provided with their own set of 
limitations and confidence levels. Whilst these are fully documented in their corresponding reports and 
datasets, it is of particular note that the sensitivity matrices sourced from NRW and Natural England are 
reported to have significant gaps in the underlying evidence base; and that some pressures may need 
separate assessments to avoid ‘skewing’ of outputs.  

Quality Assurance 

Model outputs were quality assured through a three stage process: firstly, a pilot model was built using 
WAM 2010 data and outputs reviewed by the Steering Group; secondly, two MPA case studies were 
reviewed with site managers, focused on two sub-areas each; and thirdly, a revised model was built 
using WAM 2019 data with outputs calculated using two methods to check against each other 
automatically (these were again reviewed by the Steering Group). The WAM 2019 activity data were 
also quality assured through data processing, with any discrepancies being fed back to PCF.   

Case Studies 

Two case studies, Skomer Island MCZ and Carmarthen Bay and Estuaries SAC and SPA, were selected 
with a focus at two areas each where results were assessed in detail. The accuracy of the underlying 
WAM 2010 activity data was considered to be good with minor inaccuracies where management is in 
place or underrepresented; and similarly was considered accurate for conservation features. Sensitivity 
scores were thought to be a good representation overall, albeit with some discrepancies due to, for 
example, a lack of angling in the model scope for mobile species. There were not sufficient spatial data 
available at the case studies to allow further refinement of the model. 

Future Application 

This project aims to improve evidence-based decision making by key stakeholders and was supported 
throughout by the WAM Steering Group, comprising of PCF, NRW, the Welsh Government, PCNPA, 
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Milford Haven Port Authority, Pembrokeshire SAC, the Wildlife Trust of South and West Wales, the Royal 
National Lifeboat Institution, Keep Wales Tidy and the National Trust. The work is crucial to ensure the 
long-term sustainability of recreation and tourism in the region, a sector that continues to increase in 
scale year by year. Whilst summary mapped outputs are provided in this report, there is a significant 
volume of model output data that could usefully be interrogated in GIS, which has been provided as a 
deliverable of this project.  

Furthermore, the regional assessment has tested an approach which can be expanded to other Marine 
Protection Areas in Wales in due course. It is recommended that a future automated and interactive 
tool is developed if expanding the model across the whole of Wales, to support high level decision 
making and effective stakeholder management. 

Any additional development would benefit from further consideration of underlying data on activity 
categorisation, spatial data on mooring and anchoring, seasonality, and gap filling sensitivity values that 
are not currently available for certain activities, particularly extractive activities in relation to mobile 
species.   
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1. Introduction 

1.1. Project Overview 

1.1.1. The Wales Activity Mapping (WAM) database provides spatial data on the type, amount and distribution 
of recreation activities on the coastline of South West Wales. The database was developed in 2008, fully 
updated in 2010 (referred to in this report as WAM 2010) and underwent a further update in 2019 
(referred to as WAM 2019). These updates ensure the data stay relevant to management decision 
making, especially planning policies and management of protected areas. With the provision of high-
resolution data on individual activities, obtained from surveys of knowledgeable individuals, e.g. 
wardens, this data is exemplary nationwide. It provides a wealth of information upon which to base 
assessments of the recreation and tourism sector, such as the economic valuation of activities (Marine 
Planning Consultants, 20131).  

1.1.2. As part of the wider WAM update 2019, Pembrokeshire Coastal Forum commissioned GoBe Consultants 
Ltd. (GoBe), through funding from Natural Resources Wales (NRW), Welsh Government and the 
Pembrokeshire Coast National Park Authority, to address gaps in knowledge on the impact of recreation 
activities on Marine Protected Areas, with consideration of scope for assessing carrying capacities. This 
project aims to improve evidence-based decision making by key stakeholders and is supported through 
a number of WAM partners. The work is crucial to ensure the long-term sustainability of recreation and 
tourism in the region, a sector that continues to increase in scale year by year. Furthermore, the regional 
assessment has tested an approach which can be expanded to other Marine Protection Areas in Wales 
in due course.  

1.1.3. The specific aims of this project were to create and test a method of assessing recreational impacts on 
designated sites, producing three case studies, as agreed with the WAM steering group. The physical 
extent of spatial overlap between conservation features (spatial, temporal and intensity) at sites was 
not previously mapped at a regional scale, with this representing a primary aim of the commission. In 
addition, further research was intended to be carried out to assess the sensitivity of specific features, 
rather than more generic groups detailed, as well as the level of habituation of a feature to activity and 
any cumulative and in combination effects of different activities, where possible. As insufficient data 
were available, further alternative tests were carried out instead on different model outcomes to 
explore how scores are combined together (e.g. sum, max, average). Results are shown through spatial 
outputs, with an aim to lead to improved evidence-based decision making by key stakeholders.  

1.1. Definition 

1.1.1. This project assesses the potential ‘risk’ to marine conservation features, considering multiple recreation 
activities taking place in any one location. To support understanding of this process, it is useful to define 
the terminology used in this report: 

• Activity: within this report, mostly relating to recreation activity, e.g. surfing 

• Feature: a habitat or species (or, as used in this project, a species group) that is designated 
and (where condition requires, protected) by a Marine Protected Area 

 
 

 
 
1 Marine Planning Consultants, 2013. Wales Activity Mapping: Economic Valuation of Marine Recreation Activity. Commissioned by Welsh Government’s Sustainable  

Development Fund and Port of Milford Haven 
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• Condition: the status or health of a feature, e.g. poor or good2 

• Disturbance: the physical actions that disturb a feature during an activity, with potential 
for more than one disturbance for a given activity 

• Pressure: synonymous with activity, except recognising that the activity does impact on 
the environment 

• Sensitivity: likelihood of change when a pressure is applied to a feature, with sensitivity 
a function of the ability to tolerate change (resistance) and to recover from impact 
(recoverability or resilience)3 

• Potential impact: where it is known that an activity will cause disturbance(s) that may 
have an effect on a feature 

• Risk: a measure of how likely an activity will cause harm to a feature through disturbance, 
taking into consideration the presence, scale and overlap of features and activities, and 
the sensitivity 

1.2. Review of Other Studies to Date 

1.2.1. To support this project, a brief review of methods assessing recreational impacts on designated sites has 
been carried out, focused on overarching strategic assessments, e.g. at a national level. To date this 
review has informed how a generic assessment will be carried out in this project (Stage 1), adapting 
strategic recommended approaches to the WAM project, in particular to Welsh policy and re gulations.  

1.2.2. Whilst there is a high volume of literature on both the mapping of recreation activities and on the nature 
of impact on wildlife and protected areas, there is little experience in the development of toolkits to 
classify impact and thresholds spatially. The mapping of recreation activities impacts on conservation 
features has to date followed a bespoke approach, dependent on the site and organisation carrying it 
out. This is predominantly focused on categorising pressures, sensitivity and impacts, rather than 
determining any thresholds in activity.  

Sensitivity Assessments 

Global 

1.2.3. Sensitivity assessments are widely used to inform Marine Protected Area conservation advice, 
development and testing of OSPAR and national MSFD indicators and in vulnerability assessments 
(JNCC4). One of the most comprehensive spatial models of recreation impact on the environment has 
been designed for Integrated Coastal Zone Management (ICZM) in Belize (Arkema et al., 2014) 5. By using 
three scenarios for future zoning activities set against a baseline, each is assessed spatially in terms of 

 

 
 

 
2 https://naturalresources.wales/guidance-and-advice/environmental-topics/wildlife-and-biodiversity/protected-areas-of-land-and-seas/indicative-feature-condition-

assessments-for-european-marine-sites-ems/?lang=en 

3 Tillin, H. & Tyler-Walters, H. 2014. Assessing the sensitivity of subtidal sedimentary habitats to pressures associated with marine activities – Phase 2 Report, JNCC Report 

No. 512B. JNCC, Peterborough, ISSN 0963-8091. 

4 https://jncc.gov.uk/our-work/marine-sensitivity-assessments/ 

5 Katie K Arkema et al. 2014 Environ. Res. Lett. 9 114016 
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ecosystem risk. Spatial assessment is carried out through ‘exposure’ and ‘consequence’ (response to 
stressors), which are noted as the two universal ‘dimensions of risk’ as used, for example, in cumulative 
impact assessment (which uses the multiplicative approach) and ecosystem risk assessment (Euclidean 
distance for habitat-activity risk plots). Whilst both have been shown to give similar results at either end 
of the spectrum (though with intermediate rankings tending to disagree), the cumulative impact 
mapping depends more on expert judgement whereas it would be preferable to have a defined set of 
criteria.    

England   

1.2.4. In England, Natural England (NE) commissioned a nationwide strategic assessment of marine recreation 
activities and evidence of impact on Marine Protected Area (MPA) features (ABPmer, 20176). This 
reviewed all methodologies used to date and, through extensive stakeholder engagement, proposed a 
uniform approach for future use based on generic conservation features (groups of intertidal habitats, 
subtidal habitats, fish, marine mammals and birds) and focused on five pressures including abrasion / 
disturbance of the substrate surface, abrasion / disturbance below the substrate  surface, underwater 
noise, above water noise changes and visual disturbance. A series of sensitivity matrices were developed 
to inform: 

A. The potential direct pressures arising from the activity (tick box of activity type against five 
pressure types - yes, negligible or no) 

B. The biological receptors potentially affected by the pressures arising from the activity  (matrix of 
broadscale MPA feature against the five pressure types, therefore providing more detail on A - 
yes, negligible or scoped out) 

C. An assessment of the indicative likelihood of significant impacts from an activity (matrix of 
pressures, where ‘yes’ in B, against i) likely overlap between activity and feature, ii) evidence of 
impact, iii) sensitivity of feature to pressure, iv) likelihood of observable / measurable effect on 
the feature, v) likelihood of significant impact on conservation objectives – each categorised by 
low, medium, high, plus a confidence assigned just to sensitivity score)  

The underlying data for the NE study were requested but could not be made available to this WAM 
project. The study sourced information on evidence of impacts from NE’s Conservation Advice and 
Advice on Operations; case study reviews; previous strategic reviews (e.g. CEED, 2000); literature review 
and call for evidence from stakeholders. Following discussion between NRW and NE, NRW advised that 
the 2018 NRW study which utilises the ABPmer 2017 data cannot allow data to be released that 
originates from NE. 

1.2.5. Building on this work, specific attention to highly mobile marine species was addressed in a study 
commissioned by NE7. The matrices developed are not however available online as a singular matrix but 
are instead found by searching by MPA which then presents a table of whether sensitive or not to a 
single activity; and then requires clicking on links to find out level of sensitivity to each feature / 
disturbance type. As such these were beyond the scope of the project.  

 

 
 
 
6 Natural England. 2017. Managing marine recreational activities: a review of evidence. Commissioned Report NECR242, carried out by ABPmer . 

7 PÉREZ-DOMÍNGUEZ, R., BARRETT, Z., BUSCH, M., HUBBLE, M., REHFISCH, M. & ENEVER, R. 2016. Designing and applying a method to ass ess the sensitivities of highly  

mobile marine species to anthropogenic pressures. Natural England Commissioned Reports, Number213. 
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1.2.6. Also in England, the Marine Management Organisation (MMO) recently commissioned work to gather 
marine recreation data to generate data on the extent, intensity and trend of non-licensable activities 
in MPAs (MMO, 20198), which ran parallel to this project. Further to the spatial evidence base developed 
through stakeholder consultation, this also included a ranking exercise to identify non-licensable 
activities of concern to future monitoring and management, as well as a fact sheet for each MPA. One 
recommendation of this study was to develop sensitivity mapping for non-licensable activities’ impact 
on designated features; and to use this information in determining pressures from activities by linking 
voluntary schemes around the country.  Also, of relevance to this project, it identified a need to address 
non-licensable activities resulting in changes to favourable condition. 

1.2.7. Regarding specifically spatial assessments, sensitivity of the Plymouth Sound and Estuaries European 
Marine Site has been mapped for conservation features, with feature sensitivity ascription being based 
on conservation advice packages and spatial overlap with recreational activities, using a 200m grid  9. 
Sensitivity was recorded as either sensitive or not / not included (e.g. due to insufficient evidence). A 
count of number of activities for each cell was calculated; and overlain by features to show where 
impacts may occur. The study recognised a lack of seasonal assessment was key and that new sensitivity 
assessments were since made available from the MBA’s MarESA project ( Marine Evidence based 
Sensitivity Assessment)10 and in use by Natural England. 

1.2.8. Currently, the Isles of Scilly Inshore Fisheries and Conservation Authority (IFCA) are working with the 
University of Plymouth to develop a tool to model the sensitivity of habitats to potting, otter trawl and 
scallop dredge fishing for a focus area within the Isles of Scilly district. This work is considering grouping 
of different pressures and how to assess small areas of highly sensitive habitat. Its main target audience 
is stakeholders to help manage fisheries11. 

1.2.9. There is also a larger movement within Government to carry out nationwide sensitivity mapping and at 
Natural England, an R-coded programme has been developed to map sensitivity scores following the 
MarESA protocol. This programme produces sensitivity scores for 39 pressures corresponding to 100 
fishing activities, though with a focus on three pressures for 10 fishing activities. These are assessed 
against EUNIS habitats in English waters out to 12nm offshore with outputs including confidence 
assessments for each habitat map11.  

1.2.10.  In addition, the Joint Nature Conservation Committee (JNCC) have two UK-wide pressure layers for 
abrasion and extraction and have developed a methodology to assess physical damage to predominant 
and special habitats, following the OSPAR Intermediate Assessment 201712 and using JNCC’s Pressure-
Activities Database (PAD). The OSPAR method has created a second tier matrix that relates the extent / 
intensity of a pressure to the habitat sensitivity value, with a resulting adapted sensitivity value. This has 
been carried out for ten categories of physical disturbance relating to fishing. One such disturbance 

 

 
 

 
8 MMO (2019). Non-licensable Activity Impacts on Marine Protected Areas. A report produced for the Marine Management Organisation, MMO Project No: 1136, 

November 2019, 118pp 

9 Langmead, O., Tillin, H., Griffiths, C; and Bastos, E, Milburn, H, Butler, J. & Arnold, M (2017). EMS Recreation Study Document 04. Survey of recreational use within the 

Plymouth Sound and Estuaries European Marine Site: Scoping report and Survey Results. A report for Plymouth City Council prep ared by the Marine Biological Association 
of the UK. 

10 Tyler-Walters, H., Tillin, H.M., d’Avack, E.A.S., Perry, F., Stamp, T. (2018). Marine Evidence -based Sensitivity Assessment (MarESA) – A Guide. Marine Life Informatio n  

Network (MarLIN). Marine Biological Association of the UK, Plymouth, pp. 91 .  

11 Personal comms. Tom Hooper, Chief Fisheries and Conservation Officer, Isles of Scilly IFCA. February 2020. 

12 OSPAR (2017). OSPAR CEMP Guidelines Common Indicator: BH3 Extent of Physical damage to predominant and special habitats (OSPAR Agreement 2017-09) 
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category of abrasion has been informed by detailed assessment of thresholds of impact resulting in a 
disturbance map. JNCC plan to use this method for vulnerability assessments in the future, with 
consideration given to whether to use the highest value as a precautionary approach, provide the range, 
or use the modal13.  

Wales 

1.2.11.  In 2018 Natural Resources Wales (NRW) commissioned a study to build on outcomes from NE (ABPmer, 
2017) and make relevant to Welsh marine Special Areas of Conservation (SACs) and SPA features 
(ABPmer, 201814).  The list of activities was expanded to include non-recreation unregulated activities 
as well as including other recreation activities, e.g. walking, angling (and in a few cases, omitting 
activities from NE 2017, e.g. quad bikes). The list of habitats assessed was also expanded from the NE 
2017 broadscale features (intertidal habitats, subtidal habitats, fish, marine mammals and birds) to now 
contain all Annex 1 habitats (e.g. intertidal reefs, sea caves, saltmarsh) and Annex 1 individual mobile 
species. Annex 1 habitats were defined both through individual biotopes on a site by site basis (e.g. 
LS.LMp.Sm, saltmarsh) and were also generalised across Wales (i.e. not site specific). The latter is 
relevant to Stage 1 of the present study which carries out a region wide broadscale assessment. As the 
matrices are defined through biotopes, each activity is assigned a sensitivity category for every biotope, 
of which there are 347. These biotopes have been selected based on a list provided by NRW which 
categorises all biotopes by Annex 1 feature, on an MPA site by site basis, as well as an overarching list 
for all MPAs. 

1.2.12.  As the NRW study provides greatest detail and covers all Welsh MPA features, the matrices from this 
work has been used in the present study. This has been agreed with NRW on the basis that the actual 
matrices will not be published, but instead the NRW specific data have been processed and visualised 
through maps in relation to the WAM activity data. Disturbance types included in the NRW study and 
adopted here through use of the sensitivity matrices include: 

• Surface abrasion / disturbance - differentiate between surface and sub-surface 
• Noise changes – differentiate between above water and underwater 

• Visual disturbance 

 
1.2.13.  The NRW study draws on evidence linking activities to pressures from NE 2017, Natural England Advice 

on Operations and Defra commissioned work validating an activity-pressure-matrix (ABPmer and Cefas 
201515). 

Thresholds and carrying capacities 

1.2.14.  As indicated above, the evidence base in the UK focuses on sensitivity of  marine conservation features 
to recreation activities. There have not yet been any developments in the UK (or world) to provide a 
strategic approach to assessing thresholds in recreation activities and carrying capacities and so it was 
not possible to produce any spatial modelling regarding thresholds in this project. However, as the 

 

 
 

 
13 Personal comms. Anita Carter, Marine Impacts Mapping Scientist, JNCC (February 2020). 

14 ABPmer (2018). Assessing Sensitivity of Welsh Marine SAC and SPA Features to Unregulated and Partially Regulated Activities, ABPmer Report No. R.2960. A report 

produced by ABPmer for NRW, March 2018. 

15 ABPmer and Cefas (2015). Validating an activity-pressure matrix. For the Department for Environment, Food and Rural Affairs, Report R.2435. June 2015. 
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original project aims included consideration of carrying capacities, a brief review of the literature is 
provided below, as carried out at the start of the project.   

1.2.15.  The term carrying capacity is most often used with reference to the effect of tourism. The world trading 
organisation (WTO) defines carrying capacity as “the maximum number of people that can visit a tourist 
destination at the same time, without causing destruction of physical, economic, or sociocultural means, 
and an unacceptable reduction in the quality of the satisfaction of visitors”. However, the term can be 
applicable to a species, habitat, fisheries management or a marine eco-system, for example “the total 
number of fish an ecosystem can support” (Woodworth-Jefcoats et al.,201616).   

1.2.16.  With regards specifically to the environment, this is a finite resource, which therefore has a carrying 
capacity. Misuse of the environment, or lack of management can reduce the environment’s capacity 
further (Arrow et al.,199617). The concept of sustainability and carrying capacity are inextricably linked, 
with the main goal being to increase the longevity of the resource (Saarinen,2006). Carrying capacity 
can be therefore deemed an indicator for sustainability (Kang et al., 201218). 

1.2.17.  There are several methodologies to determine carrying capacity, ranging from a multi-objects model 
requiring complex mathematics to assess the environment as a whole (e.g. a hydrodynamic-
biogeochemical model) through to vector modules and the space-state analysis method (Kang et 
al.,2012).  

1.2.18.  The most common approach, however, is the indicator evaluation method as described in detail within 
a study by Navarro et all. (201219). Here, the carrying capacity of a coastal region of the Costa Del Sol 
(Spain) was developed based on i) the importance of the indicator in relation to tourism; (ii) the ability 
to create quantitative limits of the indicator; and (iii) the capability of inputting the indicator within GIS. 
A total of 175 indicators were selected covering physical, economic and social aspects of the 
environment, e.g. meteorological conditions, beach morphology, beach carrying capacity, water quality 
and carrying capacity of tourist accommodation. Each individual indicator we assigned a reference point 
to delineate the optimum conditions for an environment which has not yet met carrying capacity .  

1.2.19.  A ‘double reference’ point scheme was used with reference to Wierzbicki et al. (200020) through use of 
a reservation level (any levels below this are deemed unacceptable) and an aspiration level (desired 
level).  The methodology applied is specific to each of the individual indicators . Examples of individual 
methodologies include aerial photographs to establish beach morphologies, questionnaires to establish 
beach carrying capacity, water quality tests or climatic data. Each indicator was then assigned a value 
and compared to the references to establish whether they have reached carrying capacity.  

 

 
 

 
16 Woodworth-Jefcoats, P., Polovina, J. and Drazen, J. (2016). Climate change is projected to reduce carrying capacity and redistribute species richness in North Pacific 

pelagic marine ecosystems. Global Change Biology, [online] 23(3), pp.1000 -1008 

17 Arrow, K., Bolin, B., Costanza, R., Dasgupta, P., Folke, C., Holling, C., Jansson, B., Levin, S., Mäler, K., Perrings, C. and Pimentel, D. (1996). Economic growth, carryin g 

capacity, and the environment. Environment and Development Economics, [online] 1(01). 

18 Kang, P. and Xu, L. (2012). Water Environmental Carrying Capacity Assessment of an Industrial Park. Procedia Environmental Sciences, [online] 13, pp.879 -890. 

19 Navarro Jurado, E., Tejada, M., Almeida García, F., Cabello González, J., Cortés Macías, R., Delgado Peña, J., Fernández Guti érrez, F., Gutiérrez Fernández, G., Luque 

Gallego, M., Málvarez García, G., Marcenaro Gutiérrez, O., Navas Concha, F., Ruiz de la Rúa, F., Ruiz Sinoga, J. and Solís Be cerra, F. (2012). Carrying capacity assessment for 
tourist destinations. Methodology for the creation of synthetic indicators  applied in a coastal area. Tourism Management, [online] 33(6), pp.1337 -1346. 

20 Wierzbicki, A. P., Makowski, M., & Wessels, J. (Eds.). (2000). Model-based decision support methodology with environmental applications. Dordrecht: Kluwer Academic  

Publishers 
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1.2.20.  Cao et al., (201521) evaluated the ecological carrying capacity of a marine zone in Haikou city using a 
‘difference driven’ approach which split the coastal zone into several fractions which were then grouped 
by levels of importance depending on the aims. (This used mathematical formulas and entropy 
weighting methods, creating a hierarchal structure). This study noted the need for considering present 
and future stressors, e.g. climate changed may reduce carrying capacities within marine environments 
(Woodworth-Jefcoats et al., 201622).    

1.2.21.  In some countries there is a move away from MPA carrying capacities to Limits of Acceptable Change, 
e.g. Saba Marine Park, Netherland Antilles; or Thresholds for Potential Concern, e.g. South Africa 23.  

1.2.22.  The more recent development in the field have otherwise been primarily published through books. 
Whilst these were not freely available, they may be of interest for future research, e.g. if this study is 
expanded to a pan-Wales approach: 

• Coccossis, H., & Mexa, A. (2017). The challenge of tourism carrying capacity assessment: Theory 
and practice. Routledge. (Book) 

• Job, H., Becken, S., & Lane, B. (2017). Protected areas in a neoliberal world and the role of 
tourism in supporting conservation and sustainable development: An assessment of strategic 
planning, zoning, impact monitoring, and tourism management at natural World Heritage Sites. 
Journal of Sustainable Tourism, 25(12), 1697–1718. (Book) 

• Manning, R.E. & Anderson, L.E. (2012). Managing outdoor recreation: Case studies in the 
national parks. Managing Outdoor Recreation: Case Studies in the National Parks. 1-243. (Book) 

• Manning, R. E., Anderson, L. E., & Pettengill, P. R. (2017). Managing outdoor recreation: Case 
studies in the national parks. (Book) 

 
1.2.23.  Beyond the marine environment, the following projects / publications have also been identified which 

may be of interest for further research on the topic:  

• Bera, S., Majumdar, D. D., & Paul, A. K. (2015). Estimation of tourism carrying capacity for Neil 
Island, South Andaman, India. Journal of Coastal Sciences, 2(2), 46–53. 

• Bentz, J., Lopes, F., Calado, H., & Dearden, P. (2016). Sustaining marine wildlife tourism through 
linking Limits of Acceptable Change and zoning in the Wildlife Tourism Model. Marine Policy, 
68, 100–107. 

• Canteiro, M., Córdova, T. F.  and Alejandro, B (2018). Tourism impact assessment: A tool to 
evaluate the environmental impacts of touristic activities in Natural Protected Areas. Tourism 
Management Perspectives. 28. 220-227. 10.1016/j.tmp.2018.09.007. Marion, J. L., Leung, Y. F., 
Eagleston, H., & Burroughs, K. (2016). A review and synthesis of recreation ecology research 
findings on visitor impacts to wilderness and protected natural areas. Journal of Forestry, 
114(3), 352–362. 

• Pickering, C. M., & Hill, W. (2007). Impacts of recreation and tourism on plant biodiversity and 
vegetation in protected areas in Australia. Journal of Environmental Management, 85(4), 791–
800. 

 

 
 

 
21 Cao, J., Wang, W., Zhang, X., Zhang, Y. and Luo, Z. (2015). Assessment of Coastal Zone Ecological Carrying Capacity -- A Case Study of Haikou City. Proceedings of the 

2015 Joint International Mechanical, Electronic and Information Technology Conference. 

22 Woodworth-Jefcoats, P., Polovina, J. and Drazen, J. (2016). Climate change is projected to reduce carrying capacity and redistribute sp ecies richness in North Pacific 

pelagic marine ecosystems. Global Change Biology, [online] 23(3), pp.1000 -1008. 

23Managing Marine Protected Areas: A TOOLKIT for the Western Indian Ocean  http://www.reefresilience.org/pdf/WIOMSA_Visitors_and_carry ing_capacity.pdf 
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• SCDB – Secretariat of the Convention on Biological Diversity (2015). Tourism supporting 
biodiversity – A manual on applying the CBD guidelines on biodiversity and tourism 
development. Montreal. (56 pages). 

• SEWPAC (2012). Limits of acceptable change – Fact sheet. Department of sustainable, 
environment, water population and communities. Australian Government. 

• Venohr, M., Langhans, S, Peters, O., Hölker, F., Arlinghaus, R., Mitchell, L., Wolter, C., (2018). 
The underestimated dynamics and impacts of water-based recreational activities on freshwater 
ecosystems. Environmental Reviews. 26. 199-213. 10.1139/er-2017-0024. Zhong, L., Buckley, R. 
C., Wardle, C., & Wang, L. (2015). Environmental and visitor management in a thousand 
protected areas in China. Biological Conservation, 181, 219–225. 

1.3. Project Aims and Scope 

1.3.1. At the initial project design stage, the most up to date resources were considered to develop a readily 
applied methodology. The method followed a procedure set out in work commissioned by NE in which 
a series of matrices describe i) the potential for overlap between activities and MPA features; ii) 
sensitivity of features to activities; iii) evidence of this impact; iv) likely effect on feature; and v) likely 
impact on conservation objectives (ABPmer, 2017). However as detailed in Section 1.3, more recent 
work specific to Wales was made available at the start of this commission and was used to shape and 
modify the aims and outputs of the project. The study scope was also altered owing to the data 
availability as detailed in Section 2.1. The project aims were therefore adjusted to the following: 

i. Determine the spatial extent of overlap between broadscale conservation features and WAM 
recreation activities; 

ii. Adapt sensitivity matrices from NRW 2018 for broadscale features and from NE 2017 for mobile 
species groups for use in this project, specific to data availability;  

iii.  Produce maps of sensitivity of features to activities, both for individual activities and features, as 
well as cumulative assessments to give overall sensitivity of an area; 

iv. Where considered of value, produce spatial outputs on the cumulative confidence of sensitivity, 
or alternatively a count of number of activity / feature combinations; 

v. Use three case studies to apply the broadscale outputs to specific MPAs, validate the results and 
increase the level of detail in the assessment (this may consider the temporal and intensity 
aspects of activities, site specific spatial layers, greater detail on features, e.g. species);  

vi. Determine whether an estimate for carrying capacity can be determined at the case study level 
from available data and assessments within this project; and 

vii. Provide a toolkit of how to apply the methodology within this project to future assessments of 
individual Marine Protected Areas in Wales. 

1.3.2. It was agreed at the project inception meeting and subsequent progress reporting stage to limit the 
scope to Marine Protected Areas comprising of Special Areas of Conservation (SACs), Sites of Special 
Protection Areas (SPAs) and Marine Conservation Zones (MCZs). The shoreward limit of the assessment 
is Mean High Water Springs (MHWS). The outputs are gridded on a 100m vector grid. Further scope 
definition was informed through consideration of data availability (Section 2.1).  

1.4. Acknowledgements 

1.4.1. The project team are particularly grateful to Laura Grant and colleagues at NRW for the provision of 
unpublished data, their advice and assistance with queries over the NRW sensitivity matrices. The wider 
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Steering Group has also provided an essential role in advising and validating outputs over the course of 
the project. Finally, we thank NRW, the Welsh Government and the Pembrokeshire Coast National Park 
Authority for funding the project and PCF for pursuing such an initiative jointly with GoBe.  

2. Model Input Data  

2.1.1. The model methodology was developed using WAM 2010 data as a trial, and subsequently updated with 
the WAM 2019 data. This section and all other sections in the main report detail the approach and 
outputs for the WAM 2019 analysis, whilst those for WAM 2010 are provided in Appendix D.  

2.2. Data Sourcing 

WAM Activities 

2.2.1. The WAM activity GIS layers, together with the associated Access database from WAM 2019, were 
sourced from PCF.  The activity maps are also available to view online24.  

2.2.2. WAM 2019 contains 45 listed activities which aim to cover all mainstream activities known to take place 
in southwest Wales. WAM activities have been included in the model where there is a matching activity 
in each of the NRW and NE sensitivity matrices, corresponding to each of the feature ’s habitats and 
mobile species respectively (as detailed in Appendix A). Where there was no exact match possible, a 
proxy has been assigned. Where no suitable activity was available from NRW / NE matrices, the WAM 
activity has not been modelled. Therefore the following activities have not been modelled for either 
habitats or mobiles species:  

• Quad biking, shooting, other non-listed activity, overnight camping and wild camping 
(these latter two activities take place above MHWS so fall outside the model scope) and 
event hotspots 

2.2.3. Also resulting from a lack of suitable activity in the NE matrix, activities related to living resources have 
been excluded from the model for mobile species only:  

• Sea angling (both shore and boat based), gathering living resources and bait digging  

2.2.4. Lastly, as WAM boat based activity areas were not differentiated between general participation, launch, 
mooring and anchoring activities, the areas mapped were considered as general participation only, as 
otherwise they would be assigned higher scores from launch, mooring and anchoring that would skew 
the model results. Therefore the model does not include: 

• Mooring and anchoring 

2.2.5. The final list of activities modelled are provided in Table 2-4, together with the sensitivities assigned to 
each feature. 

2.2.6. The WAM activity data provided information on the frequency and scale of usage for each activity / area, 
i.e. how often the area is used by the activity and how many people participate in the activity. This was 
provided as GIS shapefiles of activity ID and site ID; and an Access Database comprising of activity ID and 
site ID, linked to tables detailing activity intensity / participant data values of usage and frequency. The 

 
 
 

 

24 http://rawg.esdm.co.uk/  

http://rawg.esdm.co.uk/
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data has been scaled up to calculate the number of participant days per year using the following formula, 
in line with MPC (2013) (see Appendix E for further detail): 

Annual participant days = ∑ sum all seasons [usage * frequency * number days in season]  

2.2.7. The Access Database information on activity intensity was joined to the  GIS for the model and during 
this process a series of observations were made on any inconsistences, error input etc. between the two 
sources of site and activity ID, as reported back to PCF. Of particular relevance to the final model outputs: 

• ~10% of the Access database values for scale or frequency either had no entry or ‘unknown’. The 
model assumes these to have zero activity. 

• ~8% of spatial features have either no associated participant data in the Access database, or zero 
participant values. The model assumes these to have zero activity. 

Marine Protected Areas 

2.2.8. A list of SAC and SPA features was sourced from NRW25 (developed for the NRW sensitivity matrix) and 
reduced to the WAM area as shown in Table 2-1 and Figure 2-1.  

Table 2-1: Marine Protected Areas in the model are and designated features 

 
MPA Name Marine Feature Group Type 

Special Area of Conservation Carmarthen Bay and Estuaries / 
Bae Caerfyrddin ac Aberoedd 

Atlantic salt meadows Glauco-
Puccinellietalia maritimae 

Vegetation Habitat 

Estuaries Physical Habitat 

Salicornia and other annuals 
colonising mud and sand 

Benthic 

Twaite shad Alosa fallax  Fish 

Large shallow inlets and bays Physical Habitat 

Mudflats and sandflats not 
covered by seawater at low tide 

Physical Habitat 

Sandbanks which are slightly 
covered by seawater all the time 

Physical Habitat 

Sea lamprey Petromyzon marinus  Fish 

River lamprey Lampetra fluviatilis Fish 

Allis shad Alosa  Fish 
Otter Lutra  Mammal 

Special Area of Conservation Pembrokeshire Marine / Sir 
Benfro Forol 

Reefs Physical Habitat 

Estuaries Physical Habitat 
Large shallow inlets and bays Physical Habitat 

Atlantic salt meadows Glauco-
Puccinellietalia maritimae 

Vegetation Habitat 

Coastal lagoons Physical Habitat 
Mudflats and sandflats not 
covered by seawater at low tide 

Physical Habitat 

Sandbanks which are slightly 
covered by seawater all the time 

Physical Habitat 

Submerged or partially submerged 
sea caves 

Physical Habitat 

Grey seal Halichoerus grypus  Mammal 
Twaite shad Alosa fallax  Fish 

Allis shad Alosa  Fish 

Sea lamprey Petromyzon marinus  Fish 
River lamprey Lampetra fluviatilis Fish 

Shore dock Rumex rupestris Plant 

 
 
 

 
25 Source WP2_Benthic_Activity_Pressure_Feature_070318_Caroline.xlsx (LG NRW)  
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MPA Name Marine Feature Group Type 

Otter Lutra  Mammal 
Special Area of Conservation Cardigan Bay / Bae Ceredigion Reefs Physical Habitat 

Sandbanks which are slightly 
covered by seawater all the time 

Physical Habitat 

Submerged or partially submerged 
sea caves 

Physical Habitat 

Bottlenose dolphin Tursiops 
truncatus  

Mammal 

Grey seal Halichoerus grypus Mammal 

Sea lamprey Petromyzon marinus  Fish 
Special Area of Conservation Cynffig / Kenfig Atlantic salt meadows Glauco-

Puccinellietalia maritimae 
Vegetation Habitat 

Special Area of Conservation Arfordir Calchfaen de Orllewin 
Cymru / Limestone Coast of South 
West Wales 

Submerged or partially submerged 
sea caves 

Physical Habitat 

Candidate Special Areas of 
Conservation 

West Wales Marine / Gorllewin 
Cymru Forol 

Harbour porpoise Phocoena Mammal 

Candidate Special Areas of 
Conservation 

Bristol Channel Approaches / 
Dynesfeydd Môr Hafren 

Harbour porpoise Phocoena Mammal 

Special Protection Area Bae Caerfyrddin / Carmarthen Bay  Common scoter Melanitta nigra Bird 

Special Protection Area Burry Inlet  Northern Pintail Anas acuta Bird 
Northern Shoveler Anas clypeata Bird 

Eurasian Teal Anas crecca Bird 

Eurasian widgeon Anas penelope Bird 
Dunlin Calidris alpina Bird 

Red Knot Calidris canutus Bird 

Common oystercatcher 
Haematopus ostralegus 

Bird 

Eurasian curlew Numenius arquata Bird 
Grey plover Pluvialis squatarola Bird 

Common Shelduck Tadorna Bird 

Common redshank Tringa tetanus Bird 
Black-tailed godwit Limosa Bird 

Special Protection Area Grassholm  Gannet Morus Bassanus Bird 

Special Protection Area Skomer, Skokholm and the seas 
off Pembrokeshire / Sgomer, 
Sgogwm a Moroedd Benfro  

Short-eared owl Asio flammeus Bird 
Puffin Fratercula arctica Bird 

Storm petrel Hydrobates pelagicus Bird 

Lesser black-backed gull Larus 
fuscus 

Bird 

Manx shearwater Puffinus Bird 

Chough Pyrrhocorax Bird 
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Figure 2-1 Marine Protected Areas in the Study Area  
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2.2.9. A further check of which MPAs are found in the WAM area was undertaken by GoBe. Whilst some of 

these overlaps may be a result of GIS delineation inaccuracies / differences, this resulted in additional 
MPAs identified as follows: 

• Additional 6 SACs / cSACs with a significantly small area of overlap, predominantly terrestrial 
otherwise, e.g. Afonydd Cleddau / Cleddau Rivers; and others with slightly more overlap (but 
still minority of SAC) including Afon Tywi / River Tywi, Afon Teifi / River Teifi and Carmarthen 
Bay Dunes / Twyni Bae Caerfyrddin. These have been excluded from the assessment owing to 
the small overlap, predominant terrestrial character and exclusion from the NRW assessment.  

• Additional SPAs with only a small marine overlap, Ramsey and St David’s Peninsula Coast. These 
have been excluded from the assessment.  

• Additional 57 SSSIs with marine overlap. SSSIs have not been included in the NRW assessment 
and so the sensitivity information is not available to apply. They are therefore excluded from 
the project here on.   

• Additional 1 MCZ, Skomer. A finalised list of features was not available from NRW and so the 
features of the overlapping Pembrokeshire SAC were agreed to be suitable proxies for the 
purpose of the model. As the two MPAs overlap, Skomer MCZ was not added to the model.  

 
2.2.10.  The final list of MPAs relevant to the model were used to inform the mobile species mapping and 

sensitivity matrix (see Section 2.2). 

Article 17 Habitats 

2.2.11.  Article 17 of the Habitats Directive requires member states to report on implementation of the Directive 
every 6 years. As part of this duty, NRW have produced spatial layers of those habitats that are a primary 
reason for site designation, i.e. Annex 1 features. Article 17 habitat GIS layers have been sourced from 
NRW (full coverage Wales)  26. Table 2-2 shows all GIS layers sourced and the inclusion in the model as 
well as corresponding habitat (or proxy) in the NRW sensitivity matrices.  

2.2.12.  Those habitats in column two and shown in Figure 2-2 were taken forward to the model (note, lagoons 
were also since excluded as no overlap with the model) . The final list of features includes: 

• Estuaries 

• Reef 

• Large Shallow Inlets and Bays (LSIB) 

• Mudflats and sandflats not covered by seawater at low tide 
• Sandbanks which are slightly covered by seawater all the time 

• Submerged or partially submerged sea caves 
 

2.2.13.  In the model, features are considered present across the region (as informed by the Article 17 layers), 
regardless of whether they are designated in a given MPA. Consideration is given to finer scale modelling 
of e.g. species, biotopes or taking account of presence / absence of features actually designated within 
the site, during the case studies (Section 4).    

 
 
 

 
26 http://lle.gov.wales/catalogue/item/MarineArt17Features/?lang=en 
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2.2.14.  However, only those features mapped at a confidence of medium or high were considered in the model, 
as defined in Table 2-3.   

Table 2-2: WAM activities and their inclusion in the NRW and NE sensitivity assessments 

Article 17 GIS Layer Coverage in model area Corresponding Feature in NRW Matrices 

Article 17 Estuaries Yes Estuaries 

Article 17 Estuaries Associated Sediment Yes but very minor areas Estuaries 

Article 17 Intertidal Reef Yes Reef (technically only applies if extends from subtidal reef but 

unable to differentiate in broadscale assessment) 
Article 17 Large Shallow Inlets and Bays Yes Large Shallow Inlets and Bays 

Article 17 Mearl Beds No - 

Article 17 Methane-derived authogenic 
carbonates 

No - 

Article 17 Mudflats and Sandflats Yes Mudflats and sandflats not covered by seawater at low tide 

Article 17 Saline Lagoons No Coastal lagoons 

Article 17 Saltmarsh Yes (but no sensitivity data) Atlantic salt meadows Glauco-Puccinellietalia maritimae 

Article 17 Sand Banks Yes Sandbanks which are slightly covered by seawater all the time 

Article 17 Sea Caves (Lines) Yes Submerged or partially submerged sea caves 

Article 17 Sea Caves (Points) Yes Submerged or partially submerged sea caves 

Article 17 Subtidal Reef Yes Reef 

Article 17 Subtidal Reef (Point) Yes Reef 

 

Table 2-3: Confidence categories assigned to each Article 17 feature  

 
Article 17 Name Map Geometry 

Type 

Confidence - As 

Supplied 

Confidence - 

Adjusted 

Reason for 

Confidence 
Category 

Estuaries POLYGON Definite High  

Estuarine sediment POLYGON Not provided High OS map delineation 

Intertidal reef POLYGON Definite High  

Potential Low  

Large shallow inlets and bays POLYGON Definitive High  

Mudflats and sandflats POLYGON Definite High  

Possible Low  

Saline lagoons POLYGON Not provided High OS map delineation 

Saltmarsh POLYGON Not provided Low Unknown 

Sand banks POLYGON High presence High  

Moderate presence Moderate  

High High  

Moderate Moderate  

Low Low  

Sea caves LINE Indicative Low  

Not provided Low Discussion NRW 

Subtidal reef POINT Not provided High Discussion NRW 

Possible Low  

Definite High  
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Mobile Species 

2.2.15.  NRW have advised that the marine mammal atlas data may be used as an alternative in the meantime. 
However as this is very coarse in resolution (10’ latitude and 10’ longitude) and  dependent on sightings, 
it was considered that this would not provide a reliable dataset on coverage at the scale of the WAM 
project. Instead, mobile species have been assumed to be present throughout those MPAs where they 
are designated, therefore using a broad scale assumption on habitat. Note, this differs from the habitat 
mapping approach described above, as it was the most suitable approach to mapping mobile species.  

2.2.16.  Figure 2-3 shows the mobile groups designated in each Marine Protected Area and taken forward in the 
model. These include: 

• Fish 

• Birds 

• Marine mammals 
 

2.2.17.  Marine mammal haul out sides were excluded as information was not available on such locations.  

2.3. Spatial Overlap between Features and Activities  

2.3.1. Whilst previous work (NRW, NE) has assessed ‘likely’ overlap between features and activities within the 
sensitivity project, the current work has modelled actual overlap through spatial analyses of GIS layers. 
However overlap and resulting sensitivity is declared null where the NRW / NE matrices declare that an 
overlap is not possible for a given feature / activity or not relevant due to one of the following reasons, 
e.g. as extracted from the NRW matrix: 

• “Not exposed, the activity does not overlap with the feature". This was largely based on expert 
judgement in the NRW matrices 

• No pressures likely to occur at a level of concern (i.e. no ‘Category 1’ pressures)  
• No relevant pressures – based on a review of the pressures identified as Category 1, none were 

considered relevant to the specific activity 

• Not sensitive - feature is not considered sensitivity to relevant Category 1 pressures 

• Not assessed – no available sensitivity information for the feature-pressure relationship.  none, 
low, medium, high per disturbance type using NRW categories, plus overall combining all 
disturbances by addition of each contributing activity score” 
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Figure 2-2 Article 17 Habitats used in the WAM 2010 Sensitivity Assessment  
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Figure 2-3 Designated Mobile Species (Groups) used in the WAM 2010 Sensitivity Assessment 
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2.4. Sensitivity of Features to Activities 

Development of Sensitivity Matrix 

2.4.1. The model provides spatial products relating to the sensitivity of MPA features to each activity. These 
have been developed based on a project-specific sensitivity matrix that draws on the NRW matrices for 
habitats and NE matrices for mobile species.  

Habitats 

2.4.2. Whilst the initial approach proposed for this study, informed through the NE matrix, was to categorise 
habitats as simply subtidal and intertidal habitat groupings, this was since further delineated into 
broadscale habitat (Article 17) features, as informed through the recently published NRW sensitivity 
matrix habitat categories.  This provides a score of none, low, medium or high for each biotope / activity 
combination27, which were converted for the purpose of the model to a numerical scoring of 0, 1, 2, 3. 

2.4.3. NRW also provided a list of biotopes that together represent each Article 17 feature, with a separate list 
for each MPA owing to their individual character28. However to enable broadscale analysis across 
multiple MPAs in this project, these have been compiled into a generic list of biotopes that contribute 
to each Article 17 feature across the whole of the WAM region, regardless of which MPA is present. This 
method therefore provides a more precautionary approach than working at the individual MPA level, 
i.e. at any one location the sensitivity may be higher than necessary due to a biotope that  has been 
assigned to an Article 17 feature even though that biotope is not present in that particular MPA.  

2.4.4. The highest sensitivity score of the contributing biotopes within a given feature has been assigned to 
each feature / activity sensitivity score.  

2.4.5. More than one NRW activity and its associated sensitivity scores may be looked up and matched to an 
individual WAM activity, as explained in Section 2.2 (e.g. WAM power boats from NRW recreational 
boating and personal watercraft). Therefore, the resulting sensitivity score is taken as the maximum for 
all contributing activities.  

2.4.6. Note that sensitivity scores for ‘subtidal reef’ were adopted from the general ‘reef’ cate gory (which 
includes both intertidal and subtidal reef) and therefore is shown to be sensitive to intertidal activities 
such as walking. However there is no overlap between reef and walking so this has been kept in the 
model.   

Mobile Species 

2.4.7. As the NRW sensitivity matrix did not include mobile species, this has been sourced from the NE 
sensitivity matrix which categorises each mobile species by group, i.e. birds, marine mammals, marine 
mammals (hauled out), fish, basking shark29. Mobile species group sensitivities were assigned to WAM 
activities using a similar approach as for habitats, but there was no need to assign more than one NE 
activity to the WAM activity as NE activity categories were broader in scope. 

 
 

 
 
27 WP2_Benthic_Sensitivity_Summary_070318_ABPmer.xlsx 

28 SAC Biotopes Wales_20171219_SentNRWToABPmer.xlsx; note NRW also supplied a sensitivity matrix of habitat / activity combinations at a later date which would have 

made this step unnecessary 

29 Marine recreation evidence briefing notes: http://publications.naturalengland.org.uk/publication/6470678554869760  
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2.4.8. During this process, consideration was also given to using similar sensitivity data from UK Government 
Marine Protected Areas: conservation advice packages for each MPA. However this source was deemed 
unsuitable given the broadscale assessment required in this project across multiple MPAs.  

Habitats and Mobile Species Combined 

2.4.9. A final sensitivity matrix has been adapted to the WAM 2019 activity categories using the methods 
above, as presented in Table 2-4. Those marked grey signify either lack of supporting sensitivity data, 
lack of WAM data or where no direct match to sensitivity and proxy not assigned as above MHWS 
(outside of model area).  

2.4.10.  It is important to remember that these scores are sourced (and adapted by use of proxies) from the 
NRW and NE sensitivity matrices. All assumptions and cautions regarding the data are referred to in their 
corresponding reports. 

 

 
 
 

 
 

 
 
 

 
 

 
  



 

 

Rev: 4.0  

Pembrokeshire Coastal Forum Page 27 WAM 2019 Mapping Risk to Features from Recreation 
 

Table 2-4: WAM 2019 sensitivity matrix  

 

ID 2019 WAM Activity 
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1 beach activities 3 3 3 3 3 2 2 0 0 0 3 

2 body boarding 0 0 0 0 0 0 0 0 0 1 3 

3 canoeing/kayaking 0 0 0 0 0 0 0 2 0 3 3 

4 caving 3 3 3 3 3 0 2 0 0 0 3 

5 climbing 0 0 0 0 0 0 0 0 0 0 3 

6 coasteering 3 3 3 3 3 0 2 0 0 0 3 

7 cruiser sailing 1 3 3 3 2 2 1 2 0 3 3 

8 cycling 0 2 2 2 1 0 0 0 0 0 3 

9 dinghy sailing 0 0 0 0 0 0 0 2 0 3 3 

10 diving 1 3 3 3 3 2 3 2 2 3 0 

11 dog walking 3 3 3 3 3 0 2 0 0 0 3 

12 horse riding 1 2 2 2 1 0 0 0 0 0 3 

13 PWC 0 0 0 0 0 0 0 2 3 3 3 

14 kite surfing 0 0 0 0 0 0 0 2 0 3 3 

15 power kites 3 3 3 3 3 2 2 0 0 0 3 

16 land yachting 0 2 2 2 1 0 0 0 0 0 3 

17 mountain biking 0 2 2 2 1 0 0 0 0 0 3 

18 orienteering                       

19 power boats 1 3 3 3 2 2 1         

20 quad biking                       

21 rowing 0 0 0 0 0 0 0 2 0 3 3 

22 sea angling(shore based) 0 0 0 0 0 0 0         

23 shooting                       

24 snorkelling 1 3 3 3 2 2 1 2 2 3 0 

25 surfing 0 0 0 0 0 0 0 0 0 1 3 

26 swimming 3 3 3 3 3 2 2 0 0 0 3 

27 wake boarding/water skiing 1 3 3 3 2 2 1 2 3 3 3 

28 walking 3 3 3 3 3 0 2 0 0 0 3 

29 wildlife boat tours 0 0 0 0 0 0 0 2 3 3 3 

30 windsurfing 0 0 0 0 0 0 0 2 0 3 3 

31 wildlife watching 3 3 3 3 3 0 2 0 0 0 3 

32 kite boarding 0 2 2 2 1 0 0 0 0 0 3 

33 sea angling(boat based) 0 0 0 0 0 0 0         

34 overnight camping                       

35 sunset watchers 3 3 3 3 3 0 2 0 0 0 3 

36 light aircraft powered 0 0 0 0 0 0 0 0 0 2 0 

37 light aircraft unpowered 0 0 0 0 0 0 0 0 0 2 0 

38 other non listed activity                       

39 wild camping                       

40 photographers 3 3 3 3 3 0 2 0 0 0 3 

41 drone flying 0 0 0 0 0 0 0 0 0 0 3 

42 SUP journeys 0 0 0 0 0 0 0 2 0 3 3 

43 event hotspots                       

44 gathering living resources 3 3 3 3 3 0 2         

45 bait digging 3 3 3 3 3 0 2         
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3. Model Calculations 

3.1. Model Framework 

3.1.1. The model is based on a 100m vector grid across the whole of southwest Wales marine area, with an 
upper limit of Mean High Water Springs (MHWS). The offshore limit is defined by the limit of WAM 
activities.  

3.1.2. This grid was used to characterise the presence of marine conservation features and WAM recreation 
activities and exported to Excel for all model calculations (to be later re-joined back to the grid in GIS). 

3.2. Sensitivity Score Calculations 

3.2.1. Through looking up the presence / absence of each feature and activity for every cell, the model then 
assigns a score from the WAM sensitivity matrix of 0, 1, 2, or 3 (none, low, medium, high) to each activity 
/ feature combination, with 0 assigned either if no sensitivity or if no spatial overlap.  

3.2.2. These individual sensitivity values from each cell activity / feature combination are them combined for 
each activity (considering all features) and for each feature (considering all activities) . For example, a 
cell contains recreation activities X, Y and Z and includes habitat A and B. However only habitat A is 
sensitive to activities X (sensitivity score 3) and Y (sensitivity score 2); and habitat B is not sensitive. 
Therefore the combined summed sensitivity score for all habitats combined (iii) is 3 + 2 = 5.  

3.2.3. These summed scores are also summarised for all activities, all habitats, all mobile species and all 
features (habitats and mobile species combined).  

3.2.4. Whilst the method for combining these values was originally carried out by summing all values to give a 
total score, further tests were carried out using other methods. This reflects the pilot nature of the 
project, with no directly comparable previous studies and a need to compare approaches. Therefore, 
the different methods employed to combine sensitivity values are as provided in Table 2-4, together 
with reference to the figure numbers relating to the model outputs (which are discussed below).  

Table 3-1: WAM 2019 summary model calculations  

 
Figure Method to calculate individual 

activity or feature scores 
Method to calculate the summary 
combined scored for all activities, all 

habitats, all mobile species and all features 

Notation on maps for 
summary combined 

scores 
3-1 Sum of sensitivity values Sum of summed sensitivity values Sum of sums 

3-2 Maximum of sensitivity values Sum of max sensitivity values Sum of max 

3-3 Average of sensitivity values Sum of average sensitivity values Sum of averages 

3-4 Maximum of sensitivity values Max of max sensitivity values Max of max 

3-5 Average of sensitivity values Average of average sensitivity values Average of averages 

 
3.2.5. Whilst the terminology e.g. ‘sum of sums’ or ‘sum of max’ may appear a little unusual, these labels serve 

as a means to remember how the scores were calculated owing to the multi staged approach in arriving 
at the final score. This is important to remember when considering each method.  

3.3. Sensitivity Score Quality Assurance 

3.3.1. The act of calculating the score for all activities as well as all features combined in two separate methods 
acts as a quality control on the results as these should be equal in most cases. The exception to this rule 
is the sum of max and sum of averages as they are calculated from a different number of sources (many 
activities vs only several features). 
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3.4. Sensitivity Scores 

WAM 2019 

3.4.1. The combined scores for each of the different methods detailed above are shown in Figures 3-1 to 3-5 
for all features combined in order to assess the usefulness of each method. A different colour pallet has 
been used on each figure to reflect the fact that these are calculated differently and not directly 
comparable.  

3.4.2. These overarching results show that the summed outputs (Figures 3-1 to 3-3) provide variation across 
the region as would be expected.  

3.4.3. The summed sums of features (3-1) shows the highest degree of variation across the region owing to 
the inclusion of all individual sensitivity values and scores. Unlike 3-2 and 3-3, the distribution of scores 
are weighted towards the lower end of the scale (reflected by the scalebar). This method informs on the 
scale of potential impact considering cumulative impacts from all activities.  

3.4.4. As would be expected, the summed maximum scores (3-2) give the most precautionary approach with 
a much larger area blocked out with the highest score, around Carmarthen Bay, as well as smaller areas 
around the southwest Wales peninsula and its bays. This method does not consider the cumulative 
impacts of all activities on each feature but takes the maximum sensitivity value from the matrix. 
However it does provide a simplified version of model outputs to give the scale of potential impact.  

3.4.5. The summed average scores (3-3) provide much fewer areas of high scores, with the effect that the 
offshore areas (used by vessels) appear much lower in score / potential impact. Whilst it may be true 
that the offshore areas are less impacted in practice due to vessels not often using the exact same path, 
the averaging of individual feature and activity scores (which are then summed) may be diminishing the 
apparent impact closer to the coast. Similarly to (3-2), the summed averages do not consider cumulative 
impacts from all activities for each feature. 

3.4.6. In contrast, the max of max and average of average outputs (Figures 3-4 and 3-5) become meaningless 
as scores become almost uniform across the region and this is not representative of the high degree of 
variation shown in features and activities. These are not representative of cumulative risk to different 
features and but simply show where there are high, medium and low sensitivity areas at risk of impact 
from activities (3-4).   

3.4.7. From examination of the outputs, the most suitable methods are considered to be summed sums and 
summed maximums (3-1 and 3-2), with summed sums being most appropriate if considering the 
cumulative potential risk of activities. Therefore model outputs for summed sums (3-1) have been 
provided in Figures 3-6 and 3-7 for all habitats combined and all mobile species combined respectively; 
and this method has been carried forward to case studies (Section 5). Figures 3-6 and 3-7 show that the 
scores are generally higher in all areas for mobile species compared to habitats, with a higher degree of 
variation. 

3.4.8. Similar outputs are also available for all habitats combined, all mobile species combined, as well each 
activity and each feature, as provided in GIS shapefiles, with attributes labels defined in Appendix D. 
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Figure 3-1 WAM2019 Combined Feature-Activity Scores: Sum of sums 
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Figure 3-2 WAM2019 Combined Feature-Activity Scores: Sum of max 
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Figure 3-3 WAM2019 Combined Feature-Activity Scores: Sum of averages 
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Figure 3-4 WAM2019 Combined Feature-Activity Scores: Max of max 
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Figure 3-5 WAM2019 Combined Feature-Activity Scores: Average of averages 
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Figure 3-6 WAM2019 Combined Habitat-Activity Scores: Sum of sums 
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Figure 3-7 WAM2019 Combined Mobile Species-Activity Scores: Sum of sums 
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WAM 2010 

3.4.9. The method applied to Figure 3-1, i.e. sum of sums, was also used in the trial runs using 2010 WAM data 
as shown in Appendix D, where totals are also provided separately for each of all habitats and all mobile 
species. During the pilot no other methods were considered (i.e. no maximum or average scores). The 
colour scales for sum of sums are the same for 2010 and 2019 data, though as detailed in Appendix B, 
the data was processed differently owing to the nature of the data provided: WAM 2010 has a significant 
number of duplicate activity areas (from polygon, line and point sources) and so scores are much higher 
and less representative. 

3.5. Confidence assessment 

3.5.1. With the use of spatial products in marine management, a degree of confidence in or understanding of 
the underlying data is essential. As a first approach, confidence in the data was considered.  

3.5.2. The NRW and NE sensitivity matrices provided confidence levels for the evidence informing the 
sensitivity value for the activity or pressure impacting on the feature or biotope. This was classed as 
either High, Medium (or Medium to High), or Low (the latter meaning no confidence or based on expert 
judgement).  

3.5.3. To combine these together to provide spatial maps alongside the model outputs, there would be several 
steps of combining confidence: firstly combining the different disturbance types per activity / feature 
combination or different biotope types per feature; and then following a similar method in calculation 
as used for sensitivity scores (though in the case of confidence, the lowest value would be taken).  

3.5.4. Given this multi-layered generalisation of data to represent another dataset (the sensitivity scores) it is 
questionable how useful this would be, with a majority being assigned an overall low confidence. Any 
combined confidence score would be more likely to simply reflect the number of activity / feature 
combinations present in a cell, or ‘number of impacts’. Therefore other methods have been used to 
inform on the underlying data as described below. 

3.6. Number or ‘counts’ of impacts  

3.6.1. Instead of mapping confidence (which was not considered appropriate as discussed above) , a count of 
the number of activity / feature combinations present in a cell has been calculated, as shown in Figure 
3-9. These counts give an understanding of the number of potential impacts occurring in a given grid 
cell, indicating the number of issues to consider and deal with (management level). It should be noted, 
however, that high scores could also indicate that a number of activities are taking place and have 
potential to impact on a single habitat or mobile species group. This detail can be seen through 
interrogation of the GIS, displaying counts for individual features, or similarly for individual activities. 
(Note, the count assumes all activities and features occur throughout each grid cell; this will not always 
be true, and so the number of impacts / counts will sometimes be greater than in reality.) 

3.6.2. In technical terms, the counts are calculated using the same method described above for sensitivity 
scores, except the WAM sensitivity matrix values were converted to 1s (previously 1, 2, 3) and 0s (no 
change, already 0), i.e. therefore sensitive or not sensitive, resulting in a count of all sensitive 
occurrences. 

3.6.3. As shown in Figure 3-9, the largest number of potential activity / feature interactions align approximately 
with the high scores in Figure 3-1. However greater examination at the case study level is better for 
more detailed analysis of results (Section 5).  

3.6.4. Similar outputs are also available for all habitats combined, all mobile species combined, as well as each 
activity and each feature, as provided in GIS shapefiles, with attributes labels defined in Appendix C. 
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3.7. Activity intensity 

3.7.1. The count of activity / feature combinations does not consider scale and intensity of activity usage  in 
the calculations, as this would give dominance to just a few of the activities that have especially large 
participant days (beach activities, swimming and surfing). This bias is shown in Figure 3-8 (top chart y 
axis is standard, bottom chart is logarithmic), as explored at the test stage using WAM 2010 data, and 
supported through values assigned in Appendix E. Therefore the intensity of activities was addressed 
separately to inform an understanding of the underlying recreation data and how intensively the area is 
used. This is important to know as even if the sensitivity is low, the actual impact could be high if 
intensively used.  

3.7.2. In other studies, the intensity of activity has been incorporated into a second tier sensitivity matrix for 
a particular activity that the project has focused on, with resulting mapped outputs, as demonstrated in 
the OSPAR Intermediate assessment 201730. However to repeat this for the WAM sensitivity modelling 
would require second tier activity intensity matrices to be developed for every disturbance / feature 
combination to determine the scaled up sensitivity, which would then be translated to the activities 
(activities are defined by more than one disturbance type in many cases). This project has only sought 
to use existing data available rather than carry out research, though this would be a worthwhile area of 
future work.  

3.7.3. Consideration was given to applying a rule based conversion of sensitivity values based on intensity but 
owing to the widely different nature of activities, this was not deemed suitable. Further work could 
consider this in a programme (coding) based model instead of the purely Excel / GIS environment 
adopted in this project.   

3.7.4. The WAM activity data was therefore used to produce supportive spatial outputs to indicate activity 
intensity, using information on the frequency and scale of usage for each activity / area, i.e. how often 
the area is used by the activity and how many people participate in the activity. This was provided as GIS 
shapefiles of activity ID and site ID; and an Access Database comprising of activity ID and site ID, linked 
to tables detailing activity intensity / participant data values of usage and frequency. The data have been 
scaled up to calculate the number of participant days per year using the following formula, in line with 
MPC (2013) (see Appendix E for further detail): 

Annual participant days = ∑ sum all seasons [usage * frequency * number days in season]  

3.7.5. The total participant days is shown in Figure 3-10 (and available in a separate layer, both for individual 
activities and for all combined). This provides a useful proxy to activity intensity to compare to the 
number of impacts present.  

3.7.6. The participant days dataset is available in shapefile format with values for each individual activity,  with 
attributes labels defined in Appendix C. 

 

 
 
 

 
30 https://oap.ospar.org/en/ospar-assessments/intermediate-assessment-2017/biodiversity-status/habitats/extent-physical-damage-predominant-and-special-habitats/ 
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Figure 3-8 Annual participant days using WAM 2010 data 

 

3.8. Other Model Outputs Considered  

3.8.1. Originally it was proposed to map the observable / measurable effect on features in a similar approach 
to the sensitivity scores above, using outputs from the NE strategic review / assessment. This classified 
the likelihood of observable / measurable effect on a feature as “low-medium” or “high”. The likelihood 
of observable / measurable effect on a feature was assigned based on the overlap between a) pressure 
and feature, b) evidence of impacts and c) sensitivity. For example, for coasteering, abrasion / 
disturbance is classed as low-medium “based on high degree of overlap between pressure and feature 
and general evidence of impacts of trampling on rocky shores (albeit not necessarily comparable 
habitats); and for surfing visual disturbance is low “based on insensitivity of feature to this pressure”. 
The format for other activities is similarly based on overlap, evidence and sensitivity.  

3.8.2. As these categories are not available from the NRW study, it is not possible to apply a rapid assessment 
to the WAM data across the whole region. However the likelihood of observable / measurable effect is 
based on overlap and sensitivity which are already addressed through the screening process in this 
current WAM study I.e. the sensitivity matrix only scores feature / activity combinations above zero 
where these overlap. Therefore these do not need any further consideration.  

3.8.3. The likelihood of observable / measurable effect is also based on evidence of impacts. As detailed above, 
confidence in the sensitivity mapping has been deemed unsuitable in this project when combined from 
multiple activity / feature combinations (as above).  

3.8.4. Therefore the likelihood of observable / measurable effect on feature has not been assessed for WAM.  

3.8.5. Similarly, the likelihood of significant impact on conservation objectives was an intended model output 
however owing to these same reasons this could not be mapped either. 
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Figure 3-9 WAM2019 Counts: Total Count of Feature-Activity Combinations 
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Figure 3-10 WAM2019 Participant Days: Total annual days for all activities combined 
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4. Case Studies 

4.1. Overview 

4.1.1. Following development of the method to model broadscale conservation features, two MPAs, each with 
two focus areas were selected as case studies (therefore four in total) in discussion / agreement with 
the WAM steering group and the nominated site officers. The aim of developing case studies was to: 

• Quality Assure the broadscale outputs from the pilot WAM 2010 model 

• Consider potential to refine the method to provide a more detailed output  

• Review with updated and revised WAM 2019 model 

 
4.1.2. The two MPAs selected were Skomer MCZ and Camarthen Bay and Estuaries SAC, with consultation 

kindly offered by project officers Phillip Newman and Judith Oakley, respectively.  

4.2. Case Study Characterisation 

Skomer MCZ 

4.2.1. Skomer is a Marine Conservation Zone (MCZ) which has been designated under the Marine and Coastal 
Access Act (2009) and is located within the county of Pembrokeshire, South West Wales. The MCZ 
includes the marine environment surrounding Skomer Island and the western tip of Marloes peninsular, 
covering an area of 13.20 km2, encompassing 27km of welsh coastline. Whilst the list of conservation 
features protected through the Skomer MCZ has not yet been formally listed (it was designated in 2014), 
the Pembrokeshire SAC overlaps Skomer MCZ and has been used as a proxy for Skomer MCZ features 
(in agreement with NRW).  Pembrokeshire SAC has been designated specifically for the habitats: Annex 
I habitats (primary reason for selection): Estuaries, Large shallow inlets and bays, Reefs; Annex I 
habitats (qualifying feature): Sandbanks, Mudflats and sandflats, Coastal lagoons, Atlantic salt 
meadows, sea caves; and Annex II species: Grey seal, Shoredock (primary reason for selection), Sea 
lamprey, River lamprey, Allis shad, Twaite shad and Otter (qualifying feature). (Features shown in bold 
are modelled)  

4.2.2. Activities present within the MCZ include predominantly boat based activities including: surfing, wildlife 
boat trips, sea angling, kayaking present along the coastline. Activities covering the whole MCZ include: 
wild life boat trips, diving, power boats (likely to be used for the wildlife and diving trips) and jet skiing. 
Land based activities are also present on both the island and peninsular including climbing, dog walking 
and wildlife watching. All activities other than surfing are present surrounding both the peninsular and 
Skomer island, with surfing being present only on the south coast of Marloes peninsular.  

Camarthen Bay and Estuaries SAC 

4.2.3. Carmarthen Bay and Estuaries was designated as a Special area of Conservation (SAC) in 2004 under the 
EU Habitats Regulations (1992) for the protection of several Annex I and Annex II listed features. It 
encompasses an area of 661km2 and is situated on the mid to western coast of South Wales. The SAC 
overlaps with several other MPA’s in the area: Carmarthen Bay SPA and Bury Inlet SPA which are both 
specifically designated for the protection of birds. Carmarthen Bay and Estuaries SAC also overlaps with 
the Bristol Channel Approaches cSAC which is (candidate) designated specifically for the Harbour 
Porpoise.   

4.2.4. Carmarthen Bay and Estuaries SAC is designated for Annex I habitats (primary reason for site selection): 
including estuaries, large shallow inlets and bays, mudflats and sandflats, sandbanks, large shallow 
inlets and bays, Salicornia and other annuals colonizing mud and sand and Atlantic salt meadows 
(Glauco-Puccinellietalia maritimae); with the addition of Annex II species: Sea Lamprey, River Lamprey, 
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Allis Shad, and Otter). All features are present within the site but do not cover the full extent of the SAC 
(features shown in bold are modelled). 

4.2.5. A large and wide variety of activities occur within the SAC. Activities are generally even across the SAC 
but with slightly higher activity to the west of the bay and slightly lower within the estuaries, specifically 
Burry inlet. Activities include beach activities, swimming, surfing, kite surfing, body boarding, 
wakeboarding, sailing, kiteboarding, snorkelling, rowing, kayaking along the majority of the coast, diving, 
wildlife boat trips within the majority of the bay, wind surfing, jet skiing and power boats covering the 
whole bay and estuaries.  

4.3. Quality Assurance of model 

4.3.1. The model was quality assured through telephone consultation with the two case officers using the 
outputs from the WAM 2010 model, so that it could inform any requirements to amend this with WAM 
2019. To support this process, GoBe ’s student placement Victoria Hurth, from Plymouth University 
carried out an internal review to document the initial model outputs.  

4.3.2. As shown in Table 4-1, the accuracy of the underlying WAM 2010 activity data was considered to be 
good with minor inaccuracies where management is in place or under presented.  

4.3.3. Similarly, conservation features were good with minor errors concerning reefs (Skomer) and mobile 
species presence in estuaries (Carmarthen Bay). Greater definition of habitats and benthic species were 
available for Skomer, with the Pink sea fan and Ross coral of interest to be assessed by the model. 
However this was not available as a consolidated map to use in the model.   

4.3.4. The sensitivity scores were considered to be mostly accurate. Higher scores than expected were seen 
for North Marloes Peninsulas (mainland opposite Skomer) and south of Skomer. Also, scores around 
Worms Head (eastern end of Camarthen Bay) were unrealistic but this was due to the model constraints,  
with angling sensitivity values not available for mobile species; and the birds’ characterisation hard 
boundary at the edge of MPAs giving an unrealistic change in scores.  

4.3.5. Full results from the consultation is provided in Appendix  F.  

4.1. Review of 2019 model 

4.1.1. To support the model outcomes discussed in Section 3, a closer look at one case study is provided here 
to give further understanding of the outputs. Owing to the large volume of underlying data (i.e. multiple 
activities and features) and the tiered approach to calculation of scores, the smaller of the two case 
studies has been selected to zoom into the model outputs, to reduce content and aid better 
understanding of what the results actually mean. 

4.1.2. As shown in Figure 4-1, the higher scores (all features) to the north of Skomer reflect the consultation 
response that this area is most at risk; whilst Figures 4-2 and 4-3 reveal that this is owing more due to 
the scale of risk to mobile species than to habitats. In comparison to these ‘sum of sums’ approach, 
Figure 4-4, where the method of sum of max has been used, shows a similar pattern of scores shows 
greater pronouncement of the high risk area north of Skomer as the rest of the surrounding waters are 
more homogeneous (slightly lower score than north Skomer). 

4.1.3. Subsequent count of interactions in Figure 4-5 shows that the sum of max aligns better with count data 
than sum of sums method. And participant data in Figure 4-6 confirms that the intensity across the 
Skomer nearshore area is relatively consistent and so these scores can be considered ‘as is’.  
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Table 4-1: Quality Assurance of Broadscale Model at Case Studies 

 
 Accuracy Additional Data Other comments of note 

Recreation 
activity 
locations 

GOOD (MINOR ERRORS) 

The WAM activity data was considered to 
match consultees understanding of the site 
in the majority of cases, with some loss of 
finer detail including: 

• Camarthen activities restricted by firing 

range in centre of SAC 
• Skomer kayakers underrepresented 

northwest of Marloes Peninsula  

YES (SKOMER) 

Whilst both Skomer and Camarthen 
had additional data on locations in 
tabular format, only Skomer had 
more detailed definition of activities 

in map form, this included: 

• Skomer segmented areas in 
shapefile format relating to 
tabular data on activities of 

angling, diving and commercial 
fishing 

ANCHORING 

It would be of benefit to 
the assessment to separate 
out boating into anchoring 
and cruising (supported by 
observation records of 
anchoring) 

MPA feature 
locations 

GOOD (MINOR ERRORS) 

The Article 17 habitat spatial data and MPA 

wide mapped mobile species spatial data 
were considered a good representation of 

reality in both cases; and officers used the 
same source of spatial data to inform their 
own studies. However of note: 

• North Skomer reefs are located closer in 

towards the shore 
• Camarthen mobile species less presence 

in estuaries 

YES (SKOMER) 

Only Skomer had more detailed 

definition of MPA features in map 
form, this included: 

• Skomer littoral communities, algal 
communities, sponge 

assemblages, Zostera marina, 
territorial fish, scallops, 
nudibranch species, sea fans, sea 
fingers 

PINK SEA FAN, ROSS 
CORAL, SALTMARSH 

Would be useful to include 
Pink sea fan and Ross coral 

for Skomer and saltmarsh 
for Camarthen 

Sensitivity 
matrix 
values and 
mapped 

outputs 

MOSTLY 

• Higher scores expected North coast 
Marloes Peninsula. 

• Scores south Skomer appear high 

• Worms Head unrealistic as angling not 
included for marine mammals and hard 
boundary for birds mapping birds is 
unrealistic 

NO 

No sensitivity data available for 
additional features (pink sea fan, 

saltmarsh) from officers 

 

Camarthen Prioritised 
Improvement Plan provides 
categories of prioritisation 
for different activities but 

not broken down by MPA 
feature interaction 
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Figure 4-1 WAM2019 Combined Feature-Activity Scores for Skomer Area: Sum of sums 
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Figure 4-2 WAM2019 Combined Habitats-Activity Scores for Skomer Area: Sum of sums 
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Figure 4-3 WAM2019 Combined Mobile Species-Activity Scores for Skomer Area: Sum of sums 
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Figure 4-4 WAM2019 Combined Feature-Activity Scores for Skomer Area: Sum of max 
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Figure 4-5 WAM2019 Counts for Skomer Area: Total Count of Feature-Activity Combinations 
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Figure 4-6 WAM2019 Participant Days for Skomer Area: Total annual days for all activities combined 
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4.2. Refinement of Method at Case Studies 

4.2.1. The original aim to refine the method at the case study level was to produce sensitivity maps at a greater 
level of detail, e.g. specific bird species rather than generic bird group; or with finer spatial resolution of 
feature / activity mapping. Refinement was dependant on data availability from case officers for both 
spatial data, as well as sensitivity / matrix data in a similar format to the broadscale assessment ( it was 
not the purpose of this work to carry out primary research but instead to model with what was available 
to use).  

4.2.2. A summary of the steps considered to refine the model at the case study level, are shown in Table 4-2. 
As shown, this is dependent on local knowledge, GIS data availability for MPA sites and feature inclusion 
in the MarLIN / other pressures assessment, as well as rerunning of the Excel model and GIS processes. 

Table 4-2: Future Application Considerations  

 
Consideration Reason  Information 

Source to 
Proceed 

Case Study 

Consultation 
Technical Steps 

Amend existing sensitivity 
matrix scores high / 
medium / low 

Local knowledge of 
feature-activity 
interaction; or 

Activity has been 
managed and 

impact reduced. 
 

Local knowledge Not required • Amend matrix   
• Update scores 

• Rejoin scores to model 
grid 

Add extra features to 

model, e.g. species 

Site feature of 

interest not 
included on generic 

model 

GIS layer, MarLIN Pink sea fan, ross coral 

(Skomer) and saltmarsh 
(Carmarthen) ideally to 

be included, 
sensitivities available in 
MarLIN 

• Expand matrix 

• Add feature distribution 
to model cells 

• Update model 

• Rejoin scores to model 
grid 

Remove habitats / 
species groups  

Features not 
designated in MPA; 
or feature gives 
misleading 
outcomes, e.g. 
overlap of 
broadscale habitats 

- Remove LSIB and/or 
estuaries (misleading to 
have both scores) 

• Delete values in 
columns for each 

feature removed 
• Update scores 
• Rejoin to grid 

Provide greater detail on 
spatial maps of existing 
features 

Accuracy GIS layer Not required • Add feature distribution 
to model cells 

• Update model 

• Rejoin scores to model 
grid 

Provide greater detail on 
spatial maps of existing or 
additional activities 

Accuracy GIS layer Annually updated GIS 
available for angling 
and diving (Skomer) 

• Add activity distribution 
to model cells 

• Update model 

• Rejoin scores to model 
grid 

 

4.2.3. However the outcome from the consultation quality assurance was that the model could not be further 
refined due to a lack of data. More detailed spatial data is available for Skomer for MNR / MCZ 
monitoring, dating back to 1976 and covering a wider range of habitats / species.  However no 
consolidated spatial data of the current extent was available to refine the model input data.  

4.2.4. It was agreed however that the overlap of estuaries and large shallow inlets and bays (LSIB) in some 
places needed removing as it was providing duplicate in scores. Therefore in the WAM 2019 model, 
overlaps of LSIB were subsequently removed. Also, the inaccuracies of recreation characterisation data 
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and availability of further spatial data were fed back to PCF during development of the WAM 2019 data 
collection. 

5. Future Application to MPA Management 

5.1. Overview 

5.1.1. The broadscale model and review at case study level have been used to inform how to apply similar 
assessments in the future to other features / sites, potentially across Wales. The aim of the ‘future use’ 
protocol was to base the assessment on the generic approach and then set out a methodology to take 
it to the site level / specific features. This allows for a consistent approach at all designated sites, whilst 
allowing site detail to be factored in. 

5.2. Outputs potentially of use to marine management 

5.2.1. Following the testing of different methods to calculate the sensitivity of features from multiple activities, 
the most useful and meaningful output appeared to be the summed or cumulative sensitivity score. This 
measure shows the most variation across the region and provides an indicator to the scale of 
interactions, and therefore the potential scale of effort required to manage.  

5.2.2. However the maximum score may also be useful to marine managers in providing a simpler summary of 
whether any features are at high / medium / low risk, regardless of the scale of interactions. The 
maximum scores may therefore be more useful in the initial identification of  where there are potential 
issues rather than how much effort may be required to manage, i.e. it is more of a first stage indicator. 

5.2.3. Whilst it is the summed scores that are considered to be of most use to marine management, it is 
important to consider these alongside the ‘counts’ output, i.e. the number of interactions between 
activities and features, as well as the total number of participants per year, i.e. ‘intensity’. It is notable 
that these both give an indication of the scale of issues for any given area and help understand the cause 
of a high sensitivity score.  

5.3. Using existing model 

5.3.1. Sensitivities for each feature in the generic model presented in this report were informed by pressures 
resulting from recreation activities. These include i) abrasion / disturbance of the substrate surface, ii) 
abrasion / disturbance below the substrate, iii) underwater noise, iv) above water noise changes and v) 
visual disturbance, as defined in MarLIN. Such databases may be used again to inform the sensitivity of 
additional features, thus expanding the overall sensitivity matrix and, theoretically, then rerunning the 
model.  

5.3.2. To illustrate,  the pink sea fan is stated to have sensitivity to each of the pressures (i) to (v) of: i) not 
relevant, ii) medium, iii) not relevant, iv) not relevant and v) not relevant (respectively). Therefore the 
resulting sensitivity of pink sea fan is medium (adopting the highest ranking sensitivity of (i) to (v)). 
However the process to add pink sea fan to the model requires, in addition to the spatial layer of pink 
sea fan, also the specialist GIS and Excel programming skills and understanding of the model 
complexities to manually rerun the processes. Whilst processes have been recorded within this report 
and the associated spreadsheets ‘readme’ worksheets, there is a risk that other users may not correctly 
transfer this to manual calculations and may be pressured by time resource in the process.  

5.3.3. This model was developed using software that would be easily used by marine managers, if the work 
were to be scaled up for sure use across Wales. It is based on a vector grid (grid cells defined as individual 
features or ‘polygons’ in a layer with multiple attributes) in ArcGIS which uses greater memory and larger 
file sizes, resulting in longer processes, than raster grids (defined as a uniform grid with single attributes).  
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5.3.4. However a vector environment was also necessary in order to apply the sensitivity matrix as this could 
not be carried out for rasters directly within the ArcGIS environment, without the Spatial Analyst 
extension and project specific coding. Both the extension and coding would limit usage if scaled up 
across different users.  

5.1. Automated tool 

5.1.1. Whilst the vector grid was a suitable choice for such a pilot study, the number of grid cells for the 
southwest Wales grid reached almost full capacity, both in terms of number of rows allowed in Excel 
and processing time in both ArcGIS and Excel. Therefore any scaled up work to carry this forward for a 
wider area, such as across Wales, could not be carried out in the same environment. 

5.1.2. Scale up of such a model would require a coding environment.   By  automating such a model, this could 
be provided as  an interactive tool, e.g. in QGIS, that allows users to select or input additional input 
features and sensitivity values, as well as allowing specific outputs to be selected. Table 5-1 summarises 
components of such an interface. Some of the steps detailed expand scope beyond the model outputs 
reported in this project, e.g. sensitivity values amended to allow for management measures (as this can 
only be done at a site level).  

Table 5-1: Automated tool components  

 
Component Options 

Model framework Define area to be assessed 
Define whether annual or seasonal assessment 

Spatial input data New or replacement activity layer 
New or replacement feature layer 

New or replacement MPA boundary 
New or replacement feature confidence layer 

Tabular input data New or replacement matrix entry – allowing reduced score to allow for management measures 

Rules to apply Which MPA to model (which in turn would infer which features to include)  
Which features and / or activities to include in summary scores if not MPA specific 
Delineation of areas where risk is reduced from management measures 

Output layers – individual Activity(ies) 
Feature(s) 

Output layers - summary Sum of sums 
Sum of max 

Sum of average 
Counts 
Participant days 

Outputs format Raster 
Vector (limited by area defined) 

Tabular (e.g. csv) 

 

5.1.3. The advantage of having an automated tool would be that a user friendly interface would allow quick 
integration of additional features with the assurance of model accuracy. However it could also be used 
to assess the impact of minimising the impact of one recreation activity (e.g. downgrade from high 
sensitivity to medium or reduce spatial footprint of activity) to see if the overall risk goes below a certain 
threshold. This could be in view of associated activity management measures that ensure a lower impact 
for that activity.  

5.1.4. Any such tool is recommended within a QGIS software environment, as this is used at NRW and it allows 
for tailored interfaces and models. It also allows processing of rasters at no cost (ArcGIS Spatial Analyst 
add on comes at cost). 
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5.2. Tabular results 

5.2.1. In addition to the mapped products, MPA managers would also benefit seeing summary tabular data of 
scores for a given MPA (or area). This would inform comparisons between activities and features to see 
where the largest risk is across the whole site, helping inform a prioritisation approach to management.   

5.2.2. To illustrate this, the model outputs are also provided in tabular format for Camarthen Bay and Estuaries 
SAC in Table 5-2 and 5-3. Further supportive tables are provided in in Appendix G.   

5.2.3. In Table 5-2 and 5-3, summary scores for MPA specific totals are marked grey (low) to purple (high); 
these exclude any features for which the MPA is not designated, except for birds which is maintained as 
despite not being part of the SAC, are protected within the area by the corresponding SPA. 

Table 5-2: Camarthen Bay and Estuaries SAC Summary Scores by Feature, illustrated using WAM 2010  

 

Features Count Scores 

ESTUARY 16943 24201 

LSIB 64972 145786 

INTB 27676 37122 

IREEF 1384 803 

SREEF 121 171 

SANDB 2694 4362 

CAVE 33 8 

FISH 95685 95784 

MMAMMALS 95685 245492 

BIRDS 59722 164169 

Generic TOTAL 364915 717898 

MPA Specific TOTAL 363377 716916 
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Table 5-3: Camarthen Bay and Estuaries SAC Summary Scores by Activity, illustrated using WAM 2010 

 

Activities  

MPA Specific TOTAL 

Count Scores Participants per Year 

beachactivities 53 87 1935350 

bodyboarding 1409 2627 68030 

caving 32 48 424 

climbing 2 0 31 

coasteering 17 9 43 

cruiser sailing 111667 241805 23026 

cycling 954 962 13207 

dinghy sailing 8216 18159 33969 

diving 1032 2532 2014 

dog walking 3137 5085 351678 

horse riding 4229 4902 10376 

kayaking 27064 27306 36870 

kite surfing 11401 14676 8342 

kiteboarding 2158 1740 3895 

land yachting 2290 2342 3820 

power boats 80450 240855 63563 

powerkiteflying 692 804 4544 

pwc jet ski 25945 77666 20878 

rowing 3423 3609 5146 

sea angling 37121 0 357381 

snorkelling 214 578 3632 

surfing 1517 972 326224 

swimming 2024 3300 814055 

wake boarding water ski 5379 16137 5897 

walking 1857 2979 138289 

wildlife boat trips 6754 16230 91906 

land based wildlife watching 1848 3096 3448 

windsurfing 22492 28410 12076 

TOTAL 363377 716916 4380631 
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5.3. Recommendations for additional data  

Categorisation  

5.3.1. Whilst the model clearly requires spatial data on recreation activities and marine conservation features, 
these do not necessarily need to be at the same level of definition as used in this project. For example, 
WAM defines over 40 activities, whereas some studies used to inform the model have used much 
simpler groupings of activities, e.g. instead of surfing, windsurfing etc, to use board sports in water. Such 
activity groupings may be more appropriate across a nationwide assessment where much greater effort 
and resource is needed to acquire spatial data.  

Geographic 

5.3.2. Mooring and anchoring activities were not modelled as no spatial data on where they take place were 
available in the WAM 2019 database. Mooring and anchoring are both activities of potential impact to 
features, e.g. seagrass, and a full assessment would certainly benefit from inclusion, thus highlighting 
the need for relevant spatial data to allow inclusion in the model. 

5.3.3. Mobile species groups were mapped as present across the entire MPA for which they are designated. 
More accurate spatial data that is not only reliant on e.g. sightings would provide more realistic model 
outputs in areas that mobile species use less or not at all, e.g. marine mammals in estuaries. 

Seasonality 

5.3.4. Where seasonal data on activities and features can be collected this may be used to calculate the 
sensitivity scores by season. Seasonal assessment considering activity data alone could easily be carried 
out for WAM 2019 in the current Excel-ArcGIS model, and equally be applied to any future tools.  

Sensitivity  

5.3.5. The model currently relies on pre-existing sensitivity values defined for each conservation feature in 
relation to activities. Due to limitations on sensitivity availability for mobile species for sea angling, 
gathering living resources and bait digging, the sensitivity scores are only currently provided for seabed 
habitats. As all other activities modelled account for both seabed habitats and mobiles species, these 
particular activities are underrepresented. A review of sources contributing to sensitivity values for 
these would benefit a fully inclusive assessment.  

5.3.6. Some activities were not modelled at all owing to lack of sensitivity data for both seabed habitats and 
mobiles species. These include quad biking, shooting, other non-listed activity, overnight camping, wild 
camping and event hotspots (though some of these take place above MHWS which is out of scope of 
the model anyhow). Again, a review of sources would benefit a fully inclusive assessment. 

5.3.7. Reports from NRW and Natural England state that the recreation sensitivity matrices, upon which this 
study is based, have significant gaps in the underlying evidence base; and that some pressures may need 
separate assessments to avoid ‘skewing’ of outputs.  Therefore development in these areas would 
benefit future sensitivity mapping. 

5.3.8. Lastly, other studies have developed a method to modify the matrix sensitivity values by consideration 
of the level of activity intensity, created through a second tier matrix of intensity versus sensitivity, e.g. 
for particular disturbance types relevant to bottom trawling fishing gears4. Whilst this may be of benefit 
in the management of marine recreation, it would require a significant level of research to create similar 
matrices for each disturbance type, and to then reapply these to activity specific matrices and apply this 
spatially. Such a modification of sensitivity values would be speeded up if carried out through expert 
judgement (rather than a scientific literature review) and by activity alone (rather than disturbance type) 
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but this would require care to ensure all contributing disturbances are considered the same, where 
appropriate. 

6. Conclusions 

6.1.1. This project set out to map the potential risk to marine conservation features from multiple recreational 
activities, based on the Wales Activity Mapping dataset updated by Pembrokeshire Coastal Forum in 
2019. An initial method was initially tested on the WAM 2010 dataset and consulted upon with local 
MPA managers for two case studies, with an aim to inform the final model and protocol for future use 
by marine managers.  

6.1.2. To support the model, the project has provided the first known full recreation-feature sensitivity matrix 
in the UK (or possibly globally) considering all broadscale features and mobile species groups, building 
on work by NRW and NE.  

6.1.3. Supporting spatial data of activity characterisation and marine conservation features have been mapped 
and analysed through the model process and nuances or inconsistences in the data are detailed in this 
report and have been fed back to PCF and NRW.   

6.1.4. Due to the pioneering nature of the work, spatial model outputs have been developed using a range of 
methods to assess the most suitable for use in future management, with this being the sum of all 
summed activity or feature scores, with some benefit also being found in the sum of all max activity or 
feature scores.  

6.1.5. Whilst summary mapped outputs are provided in this report, there is a significant volume of model 
output data that could usefully be interrogated in GIS, which has been provided as a deliverable of this 
project. This extra detail includes the scores for each activity and each feature which allow exploration 
on the cause of high summary scores for a particular area.  

6.1.6. However it is important to remember the limitations of the data sources as referred to in this report and 
provided fully in those reports accompanying external data sources, especially the NRW and NE 
matrices. 

6.1.7. As a result of the data rich outputs, as well as owing to the technical limitations of the model,  it is 
recommended that the true value of this work would benefit from a front end interactive user interface, 
informed by a programmed / coded model, to inform future marine management. A coded approach 
would also have the benefit of being quicker to run and therefore being able to interrogate the model 
more fluidly and tailor outputs.  

6.1.8. Such fluidity is particularly useful in stakeholder engagement, e.g. as carried out by the Isles of Scilly 
IFCA11 and marine recreation model for England (led by the author of this report, MMO, 201431), as well 
as being useful to internal discussions amongst MPA managers.  

 

 

 
 
 

31 MMO (2014). Modelling Marine Recreation Potential in England. A report produced for the Marine Manageme nt Organisation, pp 35. MMO Project No: 1043. ISBN: 978-

1-909452-27-5. 
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Technical Appendix A: Activity Translation from NRW and NE to WAM Activities 

Table 0-1: NRW activities and associated sensitivities allocated to WAM 2019 activities for habitat features 

 
ID 2020 WAM Activity NRW Activity  Proxy or Match 

1 beach activities General beach leisure Match 

2 body boarding Surfing Proxy 

3 canoeing/kayaking Kayaking Match 

4 caving Coasteering Proxy 

5 climbing Coastal cliff climbing Match 

6 coasteering Coasteering Match 

7 cruiser sailing Recreational boating – Participation Proxy 

8 cycling Cycling Match 

9 dinghy sailing Dinghies_participation Match 

10 diving Diving Match 

11 dog walking Dog walking Match 

12 horse riding Horse riding Match 

13 PWC Personal watercraft Match 

14 kite surfing Windsurfing and kite surfing Proxy 

15 power kites General beach leisure Proxy 

16 land yachting Non-motorised vehicles on the beach and foreshore  Match 

17 mountain biking Cycling Match 

18 orienteering (No WAM 2019 data) NA 

19 power boats Recreational boating – Participation Proxy 

  Personal watercraft Proxy 

20 quad biking (None suitable) NA 

21 rowing Kayaking Proxy 

22 sea angling(shore based) Angling from shore Match 

23 shooting (None suitable) NA 

24 snorkelling Snorkeling Match 

25 surfing Surfing Match 

26 swimming General beach leisure Match 

27 wake boarding/water skiing Recreational boating – Participation Proxy 

  Personal watercraft Proxy 

28 walking Walking (recreational) Match 

29 wildlife boat tours Tour boats Match 

30 windsurfing Windsurfing and kite surfing Match 

31 wildlife watching Wildlife watching from shore Match 

32 kite boarding Non-motorised vehicles on the beach and foreshore  Proxy 

33 sea angling(boat based) Angling from vessel Match 

34 Overnight camping (None suitable) NA 

35 Sunset watchers Wildlife watching from shore Proxy 

36 Light aircraft powered Light aircraft - motorised Match 
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37 Light aircraft unpowered Light aircraft – non- motorised Match 

38 Other non listed activity (None suitable) NA 

39 Wild camping (None suitable) NA 

40 Photographers Wildlife watching from shore Proxy 

41 Drone flying Use of drones Match 

42 SUP journeys Paddleboarding Match 

43 Event hotspots (None suitable) NA 

44 Gathering living resources Collection of Salicornia / samphire Match 

  Collection of shellfish (hand gathering) Match 

  Collection of shellfish (using tools) Match 

45 Bait digging Bait digging and collection – digging Match 

  Bait digging and collection – boulder turning Match 

  Bait digging and collection – tiles / tubes Match 

 

Table 0-2: NRW activities and associated sensitivities allocated to WAM 2019 activities for mobile species groups 

 
ID 2020 WAM Activity NE Activity  Proxy or Match 

1 beach activities General beach life Match 

2 body boarding Surfing Proxy 

3 canoeing/kayaking Non-motorised watercraft including paddleboards Match 

4 caving Coasteering Proxy 

5 climbing Coasteering Proxy 

6 coasteering Coasteering Match 

7 cruiser sailing Non-motorised watercraft including paddleboards Match 

8 cycling Motorised and non-motorised land vehicles Proxy 

9 dinghy sailing Non-motorised watercraft including paddleboards Match 

10 diving Diving and snorkelling Match 

11 dog walking General beach life Proxy 

12 horse riding Motorised and non-motorised land vehicles Proxy 

13 PWC Motorised personal watercraft Match 

14 kite surfing Windsurfing and kitesurfing Proxy 

15 power kites General beach life Proxy 

16 land yachting Motorised and non-motorised land vehicles Match 

17 mountain biking Motorised and non-motorised land vehicles Match 

18 orienteering (No WAM 2019 data) NA 

19 power boats   Motorised watercraft Match 

20 quad biking (None suitable) NA 

21 rowing Non-motorised watercraft including paddleboards Match 

22 sea angling(shore based) 
 

NA 

23 shooting (None suitable) NA 

24 snorkelling Diving and snorkelling Match 

25 surfing Surfing Match 

26 swimming General beach life Match 
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27 wake boarding/water skiing Motorised watercraft Match 

28 walking General beach life Proxy 

29 wildlife boat tours Wildlife watching at sea Match 

30 windsurfing Non-motorised watercraft including paddleboards Match 

31 wildlife watching General beach life Proxy 

32 kite boarding Motorised and non-motorised land vehicles Proxy 

33 sea angling(boat based) 
 

NA 

34 Overnight camping 
 

NA 

35 Sunset watchers General beach life Proxy 

36 Light aircraft powered Light aircraft Match 

37 Light aircraft unpowered Light aircraft Match 

38 Other non listed activity 
 

NA 

39 Wild camping 
 

NA 

40 Photographers General beach life Proxy 

41 Drone flying Drones Match 

42 SUP journeys Non-motorised watercraft including paddleboards Match 

43 Event hotspots 
 

NA 

44 Gathering living resources 
 

NA 

45 Bait digging 
 

NA 
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Technical Appendix B: Model Processes and Data Description 

Approach Processing Steps 2010 Change to Processing Steps 2019 

Basemapping (ArcGIS and QGIS)  

Model grid • Vector grid created from MHWS to 6nm, grid cell 
resolution 100m and clipped to WAM activity area 

• Unique grid cell ID provided to join all Excel model 
calculations 

• Extended to WAM 2019 area 

• Same CellIDs used plus additional for new 
cells 

Characterisation (ArcGIS, QGIS and Excel)  

WAM • WAM GIS layers cleaned and merged from all geometry 
types onto model grid  

• Participant  number per year calculated from GIS 
attributes 

• For cells only partially covered by activity area / line, 
participant numbers calculated proportionally 

• WAM Access database imported to Excel, 
cleaned and participant  number per year 
calculated 

• WAM GIS layers cleaned and merged from 
all geometry types onto model grid.  

• Duplicates resulting from different 
geometry types removed (40% of spatial 
features) 

• WAM site ID / activity ID joined from Excel 
to GIS, null joins removed and summary 
participant value calculated per cell 

• For cells only partially covered by activity 
area / line, participant numbers calculated 
as if cover whole cell (not proportional). 

Habitats • Article 17 GIS layers cleaned, including consistent 
labelling of confidence of feature 

• GIS layers cleaned and merged from all geometry types 
onto model grid (with duplicates from different 
geometry types removed) 

• Large shallow inlets and bays (LSIB) set to 
no presence where overlap estuaries to 
remove duplicate features  

Mobile species • MPA GIS layers cleaned and merged and provided 
presence / absence for designated mobile group species 

of birds, marine mammals and fish from look up tables 
• GIS layers cleaned and merged onto model grid 

• Summary attributes provided of mobile species groups 
presence / absence considering all MPAs at any given 
grid cell in Excel 

• NA  

Model Calculations (Excel)  

Sensitivity Matrix • NRW and NE matrices translated to WAM activities and 
sensitivity score converted to numeric (0, 1, 2 or 3) 

• Sensitivity lookup spreadsheet developed in 4 formats 
required by model 

• New WAM2019 activities assigned 
sensitivities 

• Sensitivity for WAM 2010 activities 
amended  

  

Getting Data Model Ready • Activity, habitat and mobile species characterisation 
grids combined into one table 

• Minimum habitat confidence level selected for model 

• All data converted to presence or absence (1 or 0) 

• NA 
  

Assign Sensitivity Scores • Lookup sensitivity score wherever an activity and feature 
exist together in a cell and assign score (0, 1, 2 or 3) to i) 
individual activity ii) individual feature iii) summary 
scores adding all activities, all habitats, all mobile 
species. This provides cumulative sensitivity score.  

• QA by summing all habitats and mobile species (should 
be equal to all activities) 

• Additional sensitivity scores provided: 

• Cumulative / summed score 
• Average score (with combined summary 

average) 

• Average score (with combined summary 
total) 

• Maximum score 
  

Assign Counts • Lookup sensitivity wherever an activity and feature exist 
together in a cell and assign sensitive or not (0 or 1) to i) 
individual activity ii) individual feature iii) summary 
scores adding all activities, all habitats, all mobile 
species. This provides cumulative count of number of 
activity / feature combinations.  

• QA by summing all habitats and mobile species (should 
be equal to all activities) 

• NA 
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Technical Appendix C: Key to GIS Outputs 

The model outputs are provided as shapefiles and labelled with code provided in the following table, which 
accommodates both WAM2010 and WAM2019 outputs (these differed slightly as improvements were 
made).  

Terms used in GIS Attribute Labels Description 

MODEL REFERENCE  

CelldID3 Model Cell ID number 

ACTIVITIES  

1, 2, 3, etc Activity, using WAM2019 IDs 

BeachA, BodyB, Canoe etc Shortened name for activities, see look up tables 

1_BCH beach activities 

2_BBD body boarding 

3_CAN canoeing/kayaking 

4_CAV caving 

5_CLM climbing 

6_CST coasteering 

7_CRU cruiser sailing 

8_CYC cycling 

9_DIN dinghy sailing 

10_DIV diving 

11_DOG dog walking 

12_HOR horse riding 

13_PWC PWC 

14_KSF kite surfing 

15_PKF power kites 

16_LYT land yachting 

17_MBK mountain biking 

19_PBT power boats 

20_QDB quad biking 

21_ROW rowing 

22_SAN sea angling(shore based) 

23_SHO shooting 

24_SNK snorkelling 

25_SRF surfing 
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26_SWM swimming 

27_WBD wake boarding/water skiing 

28_WLK walking 

29_BWI wildlife boat tours 

30_WSF windsurfing 

31_LWD wildlife watching 

32_KBD kite boarding 

33_OAN sea angling(boat based) 

34_CAM Overnight camping 

35_SUN Sunset watchers 

36_ARP Light aircraft powered 

37_ARN Light aircraft unpowered 

38_OTH Other non listed activity 

39_WCM Wild camping 

40_PHO Photographers 

41_DRO Drone flying 

42_SUP SUP journeys 

43_EVT Event hotspots 

44_GTH Gathering living resources 

45_BDG Bait digging 

FEATURES  

LAGOON Saline lagoons 

ESTU Estuaries 

LSIB Large shallow inlets and bays 

INTB Mudflats and sandflats not covered by seawater at low tide 

REEF Intertidal and subtidal reef 

SLTM Saltmarsh 

SUBB Sandbanks which are slightly covered by seawater all the time 

SCAVE, CAVE Submerged or partially submerged sea caves 

FISH Fish 

MMAMMALS, MMAMM Marine mammals (excluding haul out sites) 

BIRD(S) Birds 

BSHARK Basking sharks 

SCORES  
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TOT Total 

REC, AllActiv All activities 

QA_TOTS Total (a repeat of TOTAL but calculated differently) 

HAB, ALLHAB HAB, ALLHAB 

All habitats All habitats 

P Presence (if 0 or 1); else participants per year (if decimal numbers) 

S Sum of habitats / activity combination scores 

A Average of habitats / activity combination scores 

M Maximum of habitats / activity combination scores 

C Count of habitats / activity combinations 
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Technical Appendix D: WAM2010 Outputs 
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Technical Appendix E: Participant Data 

The following tables show the assumed model value for certain WAM data as found in the GIS attribute fields. 
As shown, WAM 2019 had additional categories to WAM2010. 

WAM 2010 ‘usagescale’ WAM 2010 Model Value WAM 2019 ‘usagescale’ WAM 2019 Model Value 

  0 0 

 0-25 13 1-5 3 

  6-15 10 

  16-25 20 

26-50 38 26-50 38 

51-100 76 51-100 75 

101-200 151 101-200 150 

201-300 251 201-300 250 

301-400 351 301-400 350 

401-500 451 401-500 450 

501-750 626 501-750 625 

751-1000 876 751-1000 875 

1001-1500 1251 1001-1500 1250 

1501-2000 1751 1501-2000 1750 

2000+ 2251 2000+ 2500 

nk 0 N/K 0 

 

WAM 2010 Frequency WAM 2010 Model Value WAM 2019 Frequency WAM 2019 Model Value 

i 0.1 Infrequent 0.1 

f 0.3 Frequent 0.3 

d 1.0 Daily 1 

nk 0.0 Not recorded 0 

nr 0.0 [no value] 0 

 

WAM 2010 Season WAM 2010 Model Value WAM 2019 Season WAM 2019 Model Value 

Easter 14 Easter 14 

Late spring / early summer 91 Late spring / early summer 91 

Summer 62 Summer 62 

Autumn 91 Autumn 91 

Winter 107 Winter 107 
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Technical Appendix F: Case Study Consultation  

 
Case study consideration Skomer MCZ (2014 but MNR 24 years before) Camarthen Bay and Estuaries SAC (2004) 

 North coast Marloes Peninsula 
(significant issues) 

North coast Skomer Island  
(issues less prevalent) 

Worms Head, southeast of bay  
(significant issues) 

Saundersfoot Bay, west of bay  
(issues less prevalent) 

Environment  

Environment type, considering 
natural and anthropogenic 

Marine environment around Skomer Island and the western tip of Marloes 
peninsular, covering an area of 13.20 km2. Remote and extensive reefs, popular 
for day trips and wildlife watching.  

Shallow bay with four large estuaries, three combined into the “Three River 
Complex” and a fourth feeding into Bury Inlet. These flow out to large intertidal 
areas. Predominantly rural, with no major roads along shore except in far west, 
to Tenby harbour; and far east to Burry port and Llanelli. 

MPA Feature Characterisation 

MPA features (qualifying features 
mainly) 
Modelled features in bold (mobile 
species all represented by 
overarching groups, i.e. birds, fish, 
marine mammals, so not in bold) 

Not yet formally listed for MCZ features, so case study uses those for 
Pembrokeshire Marine SAC, which includes Skomer MCZ (there is an informal 
provisional list of Skomer MCZ features but this contains 18 features and do not 
have matching spatial data readily available, as with Article 17 data for SACs).  
Annex I habitats (primary reason for selection): Estuaries, Large shallow inlets 
and bays, Reefs; 
Annex I habitats (qualifying feature): Sandbanks, Mudflats and sandflats, Coastal 
lagoons, Atlantic salt meadows, sea caves; and 
Annex II species: Grey seal, Shoredock (primary reason for selection), Sea 
lamprey*, River lamprey*, Allis shad*, Twaite shad* and Otter (qualifying 
feature). 
* These fish of relevance to Skomer MCZ 

Annex I habitats (priority reason for selection): estuaries, mudflats and sandflats, 
sandbanks, large shallow inlets and bays, Salicornia and other annuals colonizing 
mud and sand and Atlantic salt meadows; and 
Annex II species: Twaite shad (primary reason for selection) and Sea Lamprey, 
River Lamprey, Allis Shad, and Otter (qualifying feature). 

Are the marine feature areas 
correct? 

North Skomer reefs are located closer in towards the shore. Less presence in estuaries. 
Otherwise, yes, always request from NRW / WG. Mobile species fine to be 

mapped across whole MPA, informed through UWTSD Low Carbon Research 
Institute harbour porpoise distribution project undertaken across 
Gower/Swansea. (Incidental records of short-beaked common dolphin, grey seal 
and seabird species also collected.) Judith Oakley involved in this and published 
papers on porpoise research, including responses to vessel traffic.    

Is there any spatial data on MPA 
features at a better spatial 
resolution to those already 
mapped for the model? 

Significant volume of annual surveys, since 24 years prior to MCZ designation. 
Includes Seals, littoral communities, physical data including turbidity, algal 
communities, sponge assemblages, Zostera marina, territorial fish, scallops, 
nudibranch species, sea fans, sea fingers; and seals since 1976. However data not 
consolidated to provide overarching / current habitats and species map.  

Table available for activities stating whether localised or across whole site, but no 
locations or spatial data. 

Is there any spatial data on MPA 
features in more detail by habitat 
or species type? E.g. specific 
species mapped? 

Potentially As above 

What is the condition of MPA 
features? 

Mostly unfavourable or unknown (though low confidence sandbanks); Grey seal, 
Allis shad*, Twaite shad*, Otter, Shoredock favourable; and seacaves unknown.  

Mostly unfavourable (though confidence low for some of these – sandbanks, Allis 
shad, Twaite shad); and Salicornia and otter favourable. 
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Case study consideration Skomer MCZ (2014 but MNR 24 years before) Camarthen Bay and Estuaries SAC (2004) 

 North coast Marloes Peninsula 
(significant issues) 

North coast Skomer Island  
(issues less prevalent) 

Worms Head, southeast of bay  
(significant issues) 

Saundersfoot Bay, west of bay  
(issues less prevalent) 

What additional habitat or species 
would benefit from assessment, 
where not already accommodated 
by the broadscale assessment? 

Pink Sea fan (Eunicella verrucosa), which is a Schedule 5 species (Wildlife and 
Countryside Act) and a species of principal importance, as well as a component of 
the fragile sponge and anthozoan community habitat of priority importance both 
under Section 7 of the Environment Act (Wales).   
Ross coral (Pentapora foliacea) and Skomer sponge communities – ditto 
components of fragile sponge and anthozoan Community. 

Saltmarsh  

Is there any compiled sensitivity 
information to support these 
features, e.g. matrix of sensitivity 
to each activity? 

No No Unknown.  
The Prioritised Improvement Plan for the site (2015) classed: 
- Access/Recreation – erosion, disturbance, damage as a priority issue affecting 
site features. Further it was classed as Medium priority and High urgency being a 
site-wide issue affecting 13 out of the 24 features.  
In terms of priority Risks affecting site features: 
- Access & Recreation/Access/Use – erosion, disturbance, damage was classed as 
High priority and High urgency affecting the whole site and 8 features.  
- Access & Recreation/gathering marine resources was also high priority and 
urgency across the site and affected 5 features.  
- Access & Recreation/sea angling was high priority and medium urgency across 
site affecting 6 features. Finally, access & recreation – wildfowling was medium 
priority and urgency across site affecting 3 features.   

Recreation Characterisation 

Predominant recreation types / 
intensities in MPA shown in model 

Along the coastline: wildlife boat trips, sea angling, kayaking, as well as surfing. 
Across the whole MCZ: wild life boat trips, diving, power boats and jet skiing. All 
activities are present surrounding both Marloes peninsular and Skomer Island, 
except for very infrequent surfing only on the south coast of Marloes peninsular. 
Lots of activities at high intensity. 

Slightly more activity in the west and slightly lower within estuaries, specifically 
Burry inlet. Majority coast includes beach activities, swimming, surfing, kite 
surfing, body boarding, wakeboarding, sailing, kiteboarding, snorkelling, rowing, 
kayaking. Also diving in one large area; wildlife boat trips within the majority of 
the bay; and wind surfing, jet skiing and power boats across whole MPA. 
Particularly high intensity of usage overall compared to whole WAM area. 

Are the activity areas correct? Mostly (see below) Mostly, though firing ranges in middle of SAC restricts activities. The MOD 
Pendine Range operates a Sea Danger Area (SDA), which is applied in the interest 
of public safety and to ensure that the Range can operate without presenting a 
risk. 

Predominant recreation types / 
intensities in focus area shown in 
model 

Sailing, diving, kayaking, power boats, 
PWC, sea angling, wildlife boat trips. 
Only boat access within the MCZ is 
from Martins Haven.  Many launch 
sites along the rest of the 
Pembrokeshire Coast. 

Sailing, diving, kayaking, power boats, 
PWC, sea angling, wildlife boat trips. 
Only boat access within the MCZ is 
from Martins Haven.  Many launch 
sites along the rest of the 
Pembrokeshire Coast. 

Sailing, kayaking, power boats, sea 
angling, windsurfing, wildlife boat 
trips. 

Beach activities, body boarding, dinghy 
sailing, kayaking, kite boarding, power 
boats, power kiting, PWC, rowing, sea 
angling, snorkelling, swimming, wake 
boarding, windsurfing, wildlife boat 
trips. 

General character of intensity of 
usage across area (participant 
days) shown in model 

Medium - high, larger area of high 
towards northern tip  

Medium - high, larger area of high 
towards northern tip  

Medium High 

Are the WAM activity areas / 
intensities correct? 

Mostly, though get more kayakers in 
west. Many of which circumnavigate 
Skomer, northeast most popular. 

Mostly, though get more kayakers in 
west. Many of which circumnavigate 
Skomer, northeast most popular. 

Yes  Yes 
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Case study consideration Skomer MCZ (2014 but MNR 24 years before) Camarthen Bay and Estuaries SAC (2004) 

 North coast Marloes Peninsula 
(significant issues) 

North coast Skomer Island  
(issues less prevalent) 

Worms Head, southeast of bay  
(significant issues) 

Saundersfoot Bay, west of bay  
(issues less prevalent) 

Is there any spatial data on all 
activities with a high level of 
detail? 

All activities summarised in one spreadsheet. Spreadsheet refers to coded areas 
which are represented in a map (jpg). Assume this information will be captured in 
WAM 2019. Spatial GIS data for angling and diving (and commercial fishing), in 
form of zonal mapping polygons.  

No, table of activities, presence/likelihood (and confidence) but no reference to 
actual areas, just described as e.g. ‘localised’, ‘hotspot’ etc. But does detail 
potential impacts.  

Any other comments on activities? Would benefit from separating out boating into anchoring and cruising:  
Currently only motor vessels or yachts seen anchoring or mooring are recorded.  
Vessels navigating within MCZ not recorded unless commercial tourist or fishing 
vessels, angling boats (commercial and private) or kayaks. 

NA 

Sensitivity Characterisation 

General character of sensitivity 
across area (mapped scores) 
shown in model 

Medium, high to west of northern tip 
Wooltack Point. Habitats fairly 
consistent score, slightly higher to 
west Wooltack Point. Marine 
mammals slightly higher scores, 
markedly higher around Wooltack 
Point and westwards. 

High all around island up to ~500m 
offshore, then decreasing. Habitat 
scores higher on north and especially 
northeast coast / The Keck / Midland 
Island. Mobile species scores high 
consistently in inner band around 
coast.  

Medium, decreasing to south. Mostly 
due to mobile species – marine 
mammals and fish all around head. 

High throughout bay 

General character of number of 
impacts across area (mapped 
counts) shown in model 

Same pattern as for sensitivity. High area overall around coastal band. 
Habitats slightly more north / 
northeast. Mobile species higher 
overall, slightly elevated counts in 
southwest.  

Medium, attributed to mobile species 
more than habitats 

High, attributed to mobile species 
more than habitats 

Are the sensitivity scores as 
expected? 

No, higher scores were expected Yes except did not expect the greater 
counts in south 

No, partly because angling is not 
assessed in the sensitivity matrix for 
marine mammals (not available). Also 
unrealistic hard boundary for birds 
score due to use of MPA boundary to 
characterise areas they use. 

Yes 

Does the model design impact on 
unrealistic results? 

Yes, large shallow inlets and bays overlaps reefs a lot so elevates sensitivity / 
counts, may be better to remove large shallow inlets and bays  and estuaries from 
model for final version. Also due to management (see below).  

 

Management 

What known issues are there in the 
focus area? 

Sedentary species impacted by 
angling, e.g. erect sponges and pink 
sea fan; also mobile species: territorial 
fish such as wrasse. Reefs impacted 
from both shore and sea angling. 
General seabed impact from 
lost/discarded angling gear. However 
less anglers now due to landlords’ 
restricted access – has halved numbers 

Bottom angling impacts on erect 
sponges, pink sea fan and other fragile 
species. 
Commercial recreation operations are 
becoming a very significant concern.  
Risk that change of management due 
to full transition to MCZ (currently 
operating under MNR management 
measures under MaCAA transition 
arrangements) will remove current 

Lots of recreational fishing boats 
disturb birds (esp. rafting Manx 
shearwaters, guillemots, Common 
scoter and razorbills), short-beaked 
common  dolphins, grey seals main 
Gower haul out on Worms Head  and 
harbour porpoise. 

Power jet skis likely impact on marine 
mammals, main concern for area. 
Wakeboarding not likely to be an 
issue. 
Tables received on activity presence 
across MPA also state impacts: vessel 
maintenance contaminants and PWC 
(both stated as possible / probable); 
motorboat, coastal access, 
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Case study consideration Skomer MCZ (2014 but MNR 24 years before) Camarthen Bay and Estuaries SAC (2004) 

 North coast Marloes Peninsula 
(significant issues) 

North coast Skomer Island  
(issues less prevalent) 

Worms Head, southeast of bay  
(significant issues) 

Saundersfoot Bay, west of bay  
(issues less prevalent) 

in last 5 years. Some impact on benthic 
habitat also from diving.  

management of activities. Potential 
issues such as disturbance to seals 
(and cliff-nesting seabirds) and anchor 
damage to seabed habitats, including 
the sea grass bed (Section 7 habitat 
and sub feature of shallow inlets and 
bays), are currently being managed to 
the point where they are not 
considered an issue.   

wildfowling, vehicles on foreshore (all 
possible or locally likely).  

Are any management measures in 
place in the focus area? 

Given high level of activity intensity, Skomer is managed well (particularly around 
North Haven) and has negligible impact.  
1.  Byelaw prohibits anchoring within 100m of coast and recused speed limits.  
2. Voluntary codes of conduct governing angling methods, non-removal of 
crustacean species by divers and access to areas of higher sensitivity to 
disturbance. 
3. Sea fishery byelaw prohibiting scallop collection by divers 
4. NRW conservation byelaw protecting all non-commercial species, prohibiting 
interference with the seabed, or deposition of rubbish. 
5. Land owners have put restrictions on angling in last 5 years so this activity has 
~halved. 

May be investigations if reports of 
disturbance or over-collection of 
molluscs  
1. Voluntary marine code of conduct. 
2. Some direct management by 
National Trust at Rhossii/Worms Head.  

No 

Is there any spatial data to support 
management measures? 

Yes – MNR zone map. Marine code map. NA NA 

What evidence is there to support 
these impacts, either specifically 
for this area or otherwise (please 
state)? 

Photographic evidence for sea fans entangled in angling line.  4-yearly surveys of 
territorial fish at Skomer MCZ32. 
Neptune’s Army Of Rubbish Cleaners annual Report (volunteer group collecting 
angling debris as well as other seabed litter)33  

Not provided Not provided 

Detailed Site Considerations 

Which months are known to be an 
issue 

April to September with season 
extended if weather suitable. 

 Issue during May to September  

Is this due to activities of feature 
characteristics? 

Activities  Summer activities  

 
 

 
 
32 Skomer MCZ Project status Report 2017 NRW Evidence Report 250 https://naturalresources.wales/evidence-and-data/research-and-reports/marine-reports/publications-and-research-related-to-marine-biotopes-and-species/?lang=en 

33 https://www.narcdiving.org.uk/other-stuff/publications/ 
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Case study consideration Skomer MCZ (2014 but MNR 24 years before) Camarthen Bay and Estuaries SAC (2004) 

 North coast Marloes Peninsula 
(significant issues) 

North coast Skomer Island  
(issues less prevalent) 

Worms Head, southeast of bay  
(significant issues) 

Saundersfoot Bay, west of bay  
(issues less prevalent) 

Is this effected by temporal 
patterns of MPA features, e.g. 
when feeding, breeding etc. 

No (except for seal pupping sites where access is seasonally restricted anyway by 
voluntary code). 

Feeding/foraging  

Do daily patterns in activities and 
features reduce interaction and 
therefore risk? 

No No Amount of vessel traffic depends on 
weather, tides, fish presence etc. and 
the availability of prey obviously 
impacts on when and where mobile 
fauna will be located. 

 

Are recreation activities known to 
give any particular pattern in 
cumulative or in-combination 
impacts? 

Angling debris are cumulative and 
increase risk of accidental removal of 
seabed species 

 Unknown Unknown 

Is there any habituation to the 
identified impacts?  

No habituation to seabed impacts  Unknown 

Other 

Confidence in information provided 
(high, medium, low) 

High  

Are any management measures in 
place across the wider MPA? 

 
Other than firing ranges, nothing else as hard to put in place with 1 officer 
working only 1 day per week 

Are there any other issues across 
the MPA? 

Commercial fishing 
Occasional high water turbidity/sediment load 

Saltmarsh in Camarthen Bay SAC is known to be at risk from overgrazing, though 
it is also at risk from walking/access and bait digging. The overgrazing also affects 
cockle health in Burry estuary via sheep excrement contaminants. Jet skiing and 
disturbance to birds on low tides problem since last summer in estuary and near 
saltmarsh off WWT, Llanelli. Over collection of periwinkles at Port Eynon and 
Worms Head Causeway reported over past few years.  
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Technical Appendix G: Case Study Summary Tabular Scores  

Tables show summary scores, counts and participant days for Carmarthen Bay and Estuaries SAC to illustrate the future application to MPA 
management (Section 5). As this was carried out as a test, it uses WAM 2010 data. 

Individual MPA feature scores marked grey (low) to red (high). Summary scores for MPA specific totals are marked grey (low) to purple (high); these 
exclude any features for which the MPA is not designated (and the colouring is mirrored in the activities list). Generic MPA features for which the 
site is not designated are marked with a line through (and colour marking removed), except for birds which is maintained as despite not being part 
of the SAC, are protected within the area by the corresponding SPA. 

MPA Feature Sensitivity Scores: Sum of sums 

Activities 

 MPA Feature Cumulative SCORES 

LAGOO

N 

ESTUAR

Y 
LSIB INTB IREEF SREEF SANDB CAVE BSHARK FISH MMAM (BIRDS) 

Generic 

TOTAL 

MPA 

Specific 
TOTAL 

Particip

ants per 
Year 

beach 
activities 

0 6 30 36 6 0 0 0 0 0 0 15 93 87 
193535

0 

bodyboardi

ng 
0 0 930 861 15 6 0 0 0 0 320 516 2648 2627 68030 

caving 0 0 24 18 0 0 0 0 0 0 0 6 48 48 424 

climbing 0 0 0 0 3 0 0 0 0 0 0 0 3 0 31 

coasteering 0 0 0 9 21 0 0 0 0 0 0 0 30 9 43 

cruiser 
sailing 

0 4359 69456 4887 39 45 2822 0 0 0 91785 68496 241889 241805 23026 

cycling 0 20 460 464 0 0 0 0 0 0 0 18 962 962 13207 

dinghy 

sailing 
0 2253 3876 3240 96 12 0 0 0 0 6489 2301 18267 18159 33969 

diving 0 0 12 12 12 0 208 0 0 920 1380 0 2544 2532 2014 

dog walking 0 591 1551 2064 126 15 0 6 0 0 0 879 5232 5085 351678 
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Activities 

 MPA Feature Cumulative SCORES 

LAGOO
N 

ESTUAR
Y 

LSIB INTB IREEF SREEF SANDB CAVE BSHARK FISH MMAM (BIRDS) 
Generic 
TOTAL 

MPA 

Specific 

TOTAL 

Particip

ants per 

Year 

horse riding 0 106 1850 1878 24 1 0 0 0 0 0 1068 4927 4902 10376 

kayaking 0 0 0 0 0 0 0 0 0 0 20379 6927 27306 27306 36870 

kite surfing 0 0 0 0 0 0 0 0 0 0 8544 6132 14676 14676 8342 

kiteboardin
g 

0 0 0 0 0 0 0 0 0 0 1578 162 1740 1740 3895 

land 
yachting 

0 0 1132 1132 0 1 0 0 0 0 0 78 2343 2342 3820 

power 

boats 
0 7944 48504 8835 237 54 990 0 0 62931 62931 48720 241146 240855 63563 

power kite 
flying 

0 0 318 318 0 1 0 0 0 0 0 168 805 804 4544 

pwc jet ski 0 5604 12927 6816 76 20 338 0 0 20805 20805 10371 77762 77666 20878 

rowing 0 0 0 0 0 0 0 0 0 0 2604 1005 3609 3609 5146 

sea angling 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357381 

snorkelling 0 0 120 114 62 4 4 0 0 124 186 30 644 578 3632 

surfing 0 0 0 0 0 0 0 0 0 0 357 615 972 972 326224 

swimming 0 0 1335 1236 57 6 0 2 0 0 0 729 3365 3300 814055 

wake 
boarding 

water ski 

0 2439 1611 2787 2 6 0 0 0 4026 4026 1248 16145 16137 5897 

walking 0 159 1140 1245 24 0 0 0 0 0 0 435 3003 2979 138289 

wildlife 
boat trips 

0 0 0 0 0 0 0 0 0 6978 6978 2274 16230 16230 91906 
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Activities 

 MPA Feature Cumulative SCORES 

LAGOO
N 

ESTUAR
Y 

LSIB INTB IREEF SREEF SANDB CAVE BSHARK FISH MMAM (BIRDS) 
Generic 
TOTAL 

MPA 

Specific 

TOTAL 

Particip

ants per 

Year 
land based 

wildlife 
watching 

0 720 510 1170 3 0 0 0 0 0 0 696 3099 3096 3448 

windsurfing 0 0 0 0 0 0 0 0 0 0 17130 11280 28410 28410 12076 

TOTAL 0 24201 145786 37122 803 171 0 0 4362 8 0 95784 717898 716916 
438063

1 

 

MPA Feature Total COUNTS 

Activities MPA Feature Cumulative COUNTS 
 

 LAGOO

N 

ESTUAR

Y 
LSIB INTB IREEF SREEF SANDB CAVE BSHARK FISH MMAM (BIRDS) 

Generic 

TOTAL 

MPA 
Specific 

TOTAL 

Particip
ants per 

Year 

beach 

activities 
0 2 10 12 2 0 0 0 0 12 12 5 55 53 

193535

0 

bodyboardi
ng 

0 0 310 287 5 2 0 0 0 320 320 172 1416 1409 68030 

caving 0 0 8 6 0 0 0 0 0 8 8 2 32 32 424 

climbing 0 0 0 0 1 0 0 0 0 1 1 0 3 2 31 

coasteering 0 0 0 3 7 0 0 0 0 7 7 0 24 17 43 

cruiser 
sailing 

0 1453 23152 1629 13 15 1411 0 0 30595 30595 22832 111695 111667 23026 

cycling 0 10 230 232 0 0 0 0 0 238 238 6 954 954 13207 

dinghy 
sailing 

0 751 1292 1080 32 4 0 0 0 2163 2163 767 8252 8216 33969 

diving 0 0 4 4 4 0 104 0 0 460 460 0 1036 1032 2014 
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Activities MPA Feature Cumulative COUNTS 
 

 LAGOO
N 

ESTUAR
Y 

LSIB INTB IREEF SREEF SANDB CAVE BSHARK FISH MMAM (BIRDS) 
Generic 
TOTAL 

MPA 

Specific 

TOTAL 

Particip

ants per 

Year 

dog walking 0 197 517 688 42 5 0 3 0 721 721 293 3187 3137 351678 

horse riding 0 53 925 939 24 1 0 1 0 978 978 356 4255 4229 10376 

kayaking 0 3454 2763 4921 541 19 31 16 0 6793 6793 2309 27640 27064 36870 

kite surfing 0 754 1430 1302 7 3 175 0 0 2848 2848 2044 11411 11401 8342 

kiteboardin
g 

0 0 526 526 1 1 0 0 0 526 526 54 2160 2158 3895 

land 

yachting 
0 0 566 566 0 1 0 0 0 566 566 26 2291 2290 3820 

power 
boats 

0 2648 16168 2945 79 18 495 0 0 20977 20977 16240 80547 80450 63563 

power kite 
flying 

0 0 159 159 0 1 0 0 0 159 159 56 693 692 4544 

pwc jet ski 0 1868 4309 2272 38 10 169 1 0 6935 6935 3457 25994 25945 20878 

rowing 0 445 423 484 24 2 0 0 0 868 868 335 3449 3423 5146 

sea angling 0 2731 5361 5121 344 19 87 8 0 9411 9411 4999 37492 37121 357381 

snorkelling 0 0 40 38 31 2 2 0 0 62 62 10 247 214 3632 

surfing 0 8 306 284 30 1 0 1 0 357 357 205 1549 1517 326224 

swimming 0 0 445 412 19 2 0 1 0 462 462 243 2046 2024 814055 

wake 
boarding 

water ski 

0 813 537 929 1 3 0 0 0 1342 1342 416 5383 5379 5897 

walking 0 53 380 415 8 0 0 0 0 432 432 145 1865 1857 138289 
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Activities MPA Feature Cumulative COUNTS 
 

 LAGOO
N 

ESTUAR
Y 

LSIB INTB IREEF SREEF SANDB CAVE BSHARK FISH MMAM (BIRDS) 
Generic 
TOTAL 

MPA 

Specific 

TOTAL 

Particip

ants per 

Year 

wildlife 
boat trips 

0 48 973 103 63 3 220 1 0 2326 2326 758 6821 6754 91906 

land based 
wildlife 
watching 

0 240 170 390 1 0 0 0 0 408 408 232 1849 1848 3448 

windsurfing 0 1415 3968 1929 67 9 0 1 0 5710 5710 3760 22569 22492 12076 

TOTAL 0 16943 64972 27676 1384 121 0 0 2694 33 0 95685 364915 363377 
438063

1 

 


