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1 Introduction 

1.1 Marine Ecosystems Research Programme 

The Marine Ecosystems Research Programme (MERP) commenced in 2014 and is a five-year 
research project jointly funded by the Natural Environment Research Council (NERC) and the 
Department for Environment, Food and Rural Affairs (Defra).   MERP is a multi-disciplinary 
project, involving over 50 UK scientists from 12 research organisations. The programme is 
designed to improve understanding of the processes governing the dynamics of marine food 
webs and how changes in them affect the sustainable delivery of ecosystem services. 
Specifically, MERP aims to: 

• Understand how marine food webs and the services they provide (e.g. food production and 
recreation) are regulated by natural mechanisms or human pressures. 

• Integrate the improved understanding of food web regulation with existing ecosystem models 
and explore the impact of environmental change on the structure, function and services 
associated with marine food webs. 

• Apply new model developments to test the impact of potential management measures on the 
structure and function of marine food webs. 

 

 

1.2 Cumulative impacts and management of marine ecosystems (Module 8) 

The focus of MERP module 8 is to develop scientific understanding of how multiple activities 
interact to affect marine ecosystems and the services they provide.  The overall aim is to show 
how empirical data, modelling, and expert judgement can be translated into both context-
specific guidance and general principles for marine management.  MERP outputs which collate 
existing data are being used to document spatial and temporal trends in a number of key 
indicators of ecosystem state, which are already embedded into management practices at 
various spatial scales. Policy drivers include the need to maintain (or restore) these indicators 
to within target ranges.  

Frequently, managers are required to consider the effects of multiple pressures on multiple 
indicators at once.  For example, what are the effects of pressures from fishing, marine litter 
and recreational water sports on bottlenose dolphin and seabird abundance?  How do existing 
management measures protect levels of bottlenose dolphin and seabirds? How might new 
management measures affect both dolphins and seabirds?  And could these measures have 
unexpected consequences elsewhere? 

Such questions can be formalised as Cumulative Effects Assessments (CEA), and our aim in this 
module is to extend existing risk assessment-based CEAs to address critical and recurring 
evidence gaps. These include issues of spatial and temporal scale (e.g. interactions between 
local and regional effects, expected timescales of responses to management and thus recovery 
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potential), limited empirical data, lack of understanding of the functional aspects of the 
relationships between pressures and effects, and of how effects themselves interact, as well as 
the cumulative effects of management actions themselves. 

 

1.3 Cardigan Bay Stakeholder Workshop 

We recognise that local stakeholder communities represent a considerable (and largely 
untapped) source of expert knowledge and judgement.  When designing this module, we 
wanted to ensure that engagement with local stakeholders formed a key part of our work.  This 
is achieved through workshops which bring together stakeholders with a wide range of interests 
to share their knowledge and experiences, to identify key environmental pressures, establish 
how these pressures affect species and habitats, and investigate the likely effects of regional 
management actions on the environment, people’s enjoyment of the environment and people’s 
livelihoods and well-being. 
 
Cardigan Bay in Wales was chosen for one of these workshops due to its diverse fishery and 
wildlife tourism activity coinciding with internationally important nature conservation 
designated sites, nationally important populations of bottlenose dolphin (Tursiops truncates), 
sizeable populations of other cetaceans and seabirds. MERP is interested in understanding links 
between environmental pressures and these habitats and species, and the likely effects of 
different management actions, the social and economic benefits generated by the 
environment, and how changes in environmental conditions could impact local communities. 

 
The workshop was held from 13 – 14 November 2017 at the Metropole Hotel, Llandrindod Wells 
in Wales.  Participants with a wide range of interests were invited to the workshop (Appendix 
1).  Twenty of the participants (including three MERP projects members) live and work in Wales. 

 

1.4 Environmental, social and economic context 

The Welsh marine area consists of around 32,000 km2 of sea, as well as 2,120 km of coastline.  
42% of the Welsh coastline is defined as Heritage Coast.  Designated sites for nature 
conservation cover 35% of the sea area; 75% of the coastline.  The Welsh marine area comprises 
diverse and valuable natural resources that underpin our well-being and that of future 
generations (Welsh Government, 2015, 2017).  

 Governance 

Management of activities in Welsh waters is split between devolved functions which are the 
responsibility of Welsh Ministers (e.g. aggregates, recreation and tourism), and functions which 
are retained by UK Government (e.g. defence).  The draft Welsh National Marine Plan is the first 
marine plan for Wales and represents the start of a planning process to support sustainable use 
and development of marine resources through economic, social and environmental objectives 
and policies.  The Well-being of Future Generations (Wales) Act 2015 (Welsh Government, 
2016a) aims to improve the long-term social, economic, environmental and cultural well-being 
of Wales.  The Environment (Wales) Act 2016 (Welsh Government, 2016b) puts in place a 
legislative framework to promote the Sustainable Management of Natural Resources (SMNR).  
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 Society 

Over 60% of the population of Wales lives and works on the coast.  The sea and its associated 
activities play a significant role in people’s well-being by providing jobs and opportunity for 
recreational activities and by supporting cultural diversity and a sense of heritage.  People at 
the coast are more likely to be skilled, but less likely to be employed full-time.  In 2013, the 
marine sector in Wales supported 5,800 employee jobs (0.5% of the total for Wales (compared 
to 0.7% for the UK) (Welsh Government, 2017).  The Gross Value Added (GVA) generated by the 
marine sector in Wales in 2014 was around £317 million (Welsh Government, 2017).  The total 
marine contribution to Wales GVA ranged between 0.4% and 2.2% between 2005-13 and the 
total marine contribution to UK GVA ranged between 2.2% and 3.2% between 2005-13 (Welsh 
Government, 2017).  

 Goods and services 

Cardigan Bay supports the following goods and services (Welsh Government, 2015, 2017): 

• Marine aggregates GVA £4 to 40 million between 2009 & 2013, supporting 500 Full Time 
Equivalent (FTE) (47% of all sand & gravel sold in Wales is from marine) 

• Nine aquaculture businesses, employing 23 FTE, total GVA £3.7 million 

• Military practice areas cover 11,453 km2 (37%) of the area of the Welsh Zone.  

• Navigation dredging GVA £0.8 million for 2013/14 (1.73 million tonnes returned to sea) 

• Fisheries GVA £27 to 50 million between 2005 and 2013 (731 fishermen (6% of UK total), 
13,285 tonnes of fish and shellfish landed into Wales by UK vessels in 2013 (11,510 tonnes of 
shellfish and 1773 tonnes of demersal fish), in 2015, Welsh seafood exports were worth 
£29.2m,   

• Marine renewable energy GVA £127 million for 2013/14, with 1149 direct employees and a 
further 862 indirectly employed in the sector  

• Oil and gas GVA £173 – 748 million between 2010 and 2014, supporting over 1000 FTE 

• Ports & shipping GVA £133 to 256 million between 2005 and 2013. 14 ports handling 
commercial traffic (11% of UK port traffic), 3300 port related jobs and 11,000 wider related 
jobs. The total freight traffic through Welsh ports accounted for 54.6 million tonnes (Mt) of 
goods: 36.5 Mt goods inwards; and 18.1 Mt goods outwards. Welsh ports accounted for 11% 
of the total UK port traffic of 501 Mt.  

• Tourism and recreation - tourists bring in around £14 million per day to Wales. This amounts 
to around £5.1 billion a year with 132,400 direct employees in 2015.  In 2014 coastal walking 
attracted 43.5 million visits equating to £31 million and generating 12,230 FTE.  In 2013 coastal 
tourism in £602 million.   
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 Climate change 

Wales is experiencing hot, dry summers, warm wetter winters and changes in intensity of 
weather events.  There will be impact on biodiversity with key species predicted to migrate or 
vacate Wales over the next 100 years.  Sea level rise will bring increased risk of coastal erosion, 
damage to infrastructure and habitats. 

Around 208,000 properties in Wales are at risk of flooding from rivers or the sea (Welsh 
Government, 2017). Erosion occurs along 23% of the Welsh coastline (Welsh Government, 
2017).  A 415 km network of hard sea defence is in place to help protect some £8 billion of 
coastal assets, with £50 million a year invested in flood and coastal risk management (Welsh 
Government, 2017).    Support will be needed for communities to adapt and increase self-
sufficiency and resilience. 

 

 Bottlenose dolphins in Cardigan Bay1 

The EU Habitats Directive provides a common framework for the conservation and sustainable 
use of biodiversity.  The Habitats Directive is also an instrument for integration of biodiversity 
requirements into other EU policy areas.  The Habitats Directive sets out the requirements for 
establishing Special Areas of Conservation (SAC). Each SAC has conservation objectives to 
maintain (or restore) the habitat and species features, as a whole, at (or to) Favourable 
Conservation Status within the site.  Collectively, SACs, along with other designations (e.g. 
Special Protection Areas for birds and Ramsar wetland sites), are termed Natura 2000 sites.  
Natura 2000 sites provide conservation of species and habitats across the entire natural range 
in the EU, irrespective of political boundaries and have strong legal protection.  Natura 2000 
site selection is exclusively scientific.  They promote sustainable development - new activities 
or development affecting Natura 2000 sites are not automatically excluded. 

Bottlenose dolphins are locally distributed in coastal waters, with summer concentrations in 
Cardigan Bay and Winter concentrations in North Wales.  Bottlenose dolphins are afforded 
protection under Annex II of the Habitats Directive.  They are features of both the Cardigan Bay 
SCA and the Pen Lyn a’r Sarnau SAC.  The SAC conservation objectives for bottlenose dolphin 
include: Population Dynamics (size, structure, reproductive success, physiological health), 
Range, Habitat (distribution, extent, structure, function and Quality) and Management of 
Activities and Operations.  Surveys show that >50% of observed bottlenose dolphins are 
resident with the rest occasional visitors or transients.  The bottlenose dolphin range extends 
beyond the limits of the SACs.  Human activities in Cardigan Bay, such as water sports, sailing, 
dolphin watching, scallop dredging, and potting have the potential to have short-term 
(avoidance; increased dive times and swim speeds; vocal behaviour; disruption of social groups) 
and long-term (reduced birth rates; decreased abundance; movement away from the affected 
areas) effects on bottlenose dolphins. 

                                                           

1 Sourced from workshop presentation by Peter Evans (Bangor University / Sea Watch Foundation) 
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2 Method 

2.1 Workshop Conveners 

The workshop was convened by: Adrian Judd, Daniel Wood and Mike Spence (Cefas); Mike 
Kaiser, James Waggitt and Peter Evans (Bangor University); Tom Webb, Paul Blackwell and 
Miriam Grace (Sheffield University) and Tara Hooper (Plymouth Marine Laboratory). 

2.2 Pre-workshop questionnaire 

A questionnaire was sent out to the participants (Appendix 2).  Most of the responses to the 
questionnaires were received on the day of the workshop.  A range of areas of interest and 
issues of concern regarding the environmental management and integrity of Cardigan Bay were 
considered. The issues most frequently raised by participants in the questionnaires were: 

 Wildlife Tourism 
 Recreational boating / water sports 
 Coastal developments (including sea defences) 
 Scallop dredging 
 Litter 
 Lack of joined up decision-making; lack of enforcement 
 Sea angling 
 Lobster potting 
 Chemicals, nutrients, organic enrichment of marine sediments 

2.3 Workshop stakeholder engagement exercises 

A core goal of management is the sustainable use and development of marine resources which 
requires us to balance environmental, social and economic considerations (Figure 1).  
Management of marine resources is expected to achieve an increasingly diverse set of 
conservation, social and economic goals. The setting of these goals must acknowledge the 
potentially conflicting interactions, and hence trade-offs, between the natural environment and 
society. These trade-offs mean that not all benefits can be maximised simultaneously. Since 
stakeholders need to make informed decisions about their relative preferences, marine 
managers must be able to explain the impact and distribution of these trade-offs for differing 
marine management regimes. While these topics can be considered from a desk, direct input 
from stakeholders can greatly increase the usefulness and impact of the end products of this 
project.  Without stakeholder input, key areas, concerns or sources of information may be 
missed.  Many of the stakeholders are directly affected by the environment of Cardigan Bay and 
therefore benefit from effective management.   The aims of the engagement activities were to 
identify which environmental issues Cardigan Bay stakeholders deemed to be most important.  
The activities aimed to identify these issues and to extract/collate as much information on the 
issues. 
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Figure 1. Elements of sustainable use and development. 

There were four elements to the workshop (Figure 2): 

1. The content of the returned questionnaire to identify issues and activities of interest. 
2. The consequences (e.g. impacts) associated with these issues and activities – (Exercise 

1). 
3. The threats / causal factors associated with these issues and activities (Exercise 2). 
4. The preventative or remedial management actions that are applied (and the 

effectiveness of these measures - Exercise 3). 
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Figure 2. Elements of the Group Exercises. 

The workshop participants were asked to consider the issue marine litter.  They were then given 
three exercises to complete which were run sequentially (Figure 2).  To ensure all stakeholders 
had an opportunity to speak, the workshop participants were split into four groups. Members 
of the MERP project team were placed in each group to facilitate discussions.  Participants were 
provided pens and post-it notes.  Three flip charts were provided (Figure 3) to collect the 
outputs from each exercise (the outputs of the four groups were collated on one flip chart for 
each exercise). 

 

Exercise 1. The participants were asked to write down the 'consequences' / 'impacts' of litter on 
the beach.  The participants were asked to consider and note: 

 Whether impacts were social, economic or environmental 
 If there is/are location(s) where the consequence occurs 
 Any evidence to support their points. 

 

Facilitators helped to group similar / related issues on the flip charts under the broad headings 
‘environmental’, ‘social’ and ‘economic’.  The facilitators encouraged discussion and prompted 
thinking to tease out issues that are of greatest concern or interest to the participants.  The 
facilitators tried to ensure that where supporting evidence could be referenced that this was 
noted (as much as is practicably possible within a workshop environment). 

 

Exercise 2. Participants were next asked to write down the causal factors.  Again, they were asked 
to consider and note: 
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 Whether impacts were social, economic or environmental 
 If there is/are location(s) where the consequence occurs 
 Any evidence to support their points. 

 

Exercise 3. Participants were then asked to write down the 'preventative' or 'remedial' 
management measures that are or could be applied.  As before, they were asked to consider the 
same three points as above.  In addition, participants were asked whether management measures 
were currently in place or should be in place. 

Once the three exercises for marine litter had been completed the flip charts for each exercise 
were lined up as shown in Figure 3. The post-it notes were grouped on their respective flip charts 
into social, economic and environmental categories.  We did not draw out full bow ties within the 
workshop as it was felt this would be too time consuming.   

 

Figure 3. Flip charts for Exercise 1 (Consequences); Exercise 2 (Causes) and Exercise 3 (Preventative or Remedial 
management measures) for a defined topic (e.g. marine litter). 

 

The participants were talked through a presentation (Figure 4 to Figure 7) to describe how the 
outputs from the exercises fit together.  It was explained that the approach that we have been 
undertaking is a risk assessment and management support tool known as Bow Tie Analysis.  The 
first step, which we took from the participants questionnaires, is to identify a hazard (which in risk 
assessment is defined as anything that has the potential to cause harm) and a ‘top event’ which 
describes a loss of control of the hazard (Figure 4).  In the marine litter example, the ‘hazard’ is all 
forms of waste management and the loss of control (‘top event’) is littering.  In exercise 1, the 
participants identified the consequences associated with this loss of control of the ‘hazard’ (Figure 
5).  In Exercise 2, they identified the causal factors for this loss of control of the ‘hazard’ (Figure 
6).  In Exercise 3, they identified preventative and remedial management measures (Figure 7).  The 
resultant Bow Tie Analysis (IEC 31010:2009) is a supporting standard for ISO 31000 which provides 
guidance on selection and application of systematic techniques for risk assessment.  We have been 
developing this as a tool for cumulative effects assessment for the Ecosystem Assessment Outlook 
workstream (OSPAR, 2017) to describe the status of the North East Atlantic as part of the OSPAR 
Quality Status report 2023 (which takes a Regional Sea overview of Member States determinations 
of Good Environmental Status under the EUs Marine Strategy Framework Directive). 
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Figure 4: Components of Bow Tie Analysis - Hazard & Top Event. 

 

 

Figure 5. Components of Bow Tie Analysis - Consequences. 
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Figure 6. Components of Bow Tie Analysis - Causes/Threats. 

 

 

Figure 7. Components of Bow Tie Analysis - Management Measures. 

 

The three exercises were repeated for six more issues and activities derived from the 
participants questionnaires: 

 Wildlife tourism 
 Recreational boating / water sports 
 Coastal developments (including sea defences) 
 Sea angling 
 Scallop dredging 
 Lack of joined up decision-making, lack of enforcement 



  

Page 14 

Following the workshop, Bow Tie XP software was used to covert the post-it note laden flip 
charts into bow ties for each of the seven issues and activities. 

3 Results 

The raw information from the workshop are shown below in sections 3.1 to 3.7.  Note that to 
view the detail of each bow tie diagram, the reader will need to zoom the pages. 
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3.1 Bow tie for Litter on Beaches 

 

  

Litter on the  
Beach

Waste Disposal

Loss of blue flag  
status

Tax on dog  
ownership used to  
clean up dog poo

Signs on beachesEducation of beach  
goers

Education at  
school

Enforcement of  
littering laws

Deposit/return  
schemes

Litter from beach  
goers

Shifting baseline  
- litter on beach  
becomes normal

Loss of blue flag  
status

Enforcement of  
littering laws

Signs on beaches
Education of  

tourists
Education at  

school
Decline in WFD  

status
Beach tax - to fund  

litter collection

Littering from  
tourists

Loss of blue flag  
status

Enforcement of  
littering laws

Ban releases

Celebrations -  
balloons /  

Chinese lanterns

Loss of blue flag  
status

Enforcement of  
littering laws

Plastic bag tax
Subsidise reusable  

alternatives
Promotion of  
natural fabrics

Plastic bags -  
used to carry  

items to beach  
and then left

Promotion of  
natural fabrics

Enforcement of  
littering laws

Subsidise reusable  
alternatives

Education for local  
businesses

Take-away food  
wrappers

Decline in WFD  
status

Flood planning and  
monitoring

Flooding

Decline in WFD  
status

Loss of blue flag  
status

Enforcement of  
littering laws

Increased bins
Increased  

collection of bins

Provision for  
disposal of  
cooking oils

Insufficient  
provision/collecti

on of bins

Biodegradable  
Packaging

Loss of blue flag  
status

Lobbying of  
Govt.....

Reduce plastic in  
packaging

Economic  
incentives to  
develop bio-
degradable  

alternatives to  
plastic

Excessive/unnec
essary Packaging

Plastics are  
cheap

Plastics are  
cheap

Lobbying by  
plastics industry

Marketing to  
make product  

look bigger

Maintains food  
freshness -  

reducing  
packaging could  

increase food  
waste

Education/training  
for fishers  

Increase in tech -  
Line shredders

Better recourse for  
static gear fishers  
to pursue lost gear  

claims

Fishing Zoning -  
reduce conflict  
between gear  

types

Public users  
mooring up on  

pots

Fishing -  
discarded or lost  

fishing gear

Enforcement of  
littering laws

Educational signs  
on vessels

Education/training  
of crew

Education at  
school

Offshore litter  
collection/disposal  

sites

Shipping -  
discarded over  

side

Loss of blue flag  
status

Increased  
collection of bins

Improved security  
on bins

Incentives to use  
closed bins, rather  

than bagging  
waste

Poorly contained  
litter - birds and  

mammals

Decline in WFD  
status

Lobbying of Govt...Fines for polluters

Cruise ships /  
tourist boats

Decline in WFD  
status

Lobbying of Govt...Fines for polluters

Offshore  
developments  
e.g. OWF and  

O&G

Shipping  
disasters/accide

nts

Decline in WFD  
status

Lobbying of Govt...Enforcement of  
littering laws

Increased  
collection /  

revised collection  
schedules of bins

Increased bins
Deposit paid and  
returned when  
waste facility is  

used 

Lack of waste  
disposal facilities  

in 
ports/harbours

Charging to use  
bin

Decline in WFD  
status

Lobbying of Govt...Enforcement of  
littering laws

Riverine /  
airborne input  
from elsewhere

Decline in WFD  
status

Lobbying of Govt...

Urban Run-off  
(micro-plastics)

Lobbying of Govt...Enforcement of  
littering laws

Increased  
regulation /  

consequences

Education at  
school

Fly tipping /  
dumping of  

waste

Charging to  
dispose of waste

Decline in WFD  
status

Lobbying of Govt...Increase recycling
Reduce reliance of  
plastic packaging

Poor local  
rubbish  

management

Decline in WFD  
status

Marine Licence -  
conditions

Offshore disposal  
sites

Improved training  
of bin collectors

Loss of litter  
during collection

Decline in WFD  
status

Development of  
science - identify  
sources of litter to  

assign 
blame/fines

Company waste  
policy

Enforcement of  
violations / fines /  

consequences

Poor waste  
disposal from  

industry

Decline in WFD  
status

Washed in from  
sea - national or  

international  
sources

Beach exposure -  
some beaches  

more prone  

Lack of  
enforcement at  

sea/beach

Global waste  
management /  

Difference in  
cultural/country  
approaches to  

litter 
management.

Erosion of  
historic  

tip/landfill sites

Unregulated  
activities

Litter disposed of  
down toilet /  

microbeads down  
sink

Beach clean up  
volunteers

Encourage beach  
combing

Loss of blue flag  
status

2 min beach clean
Incentives to  
collect litter  

Learning from  
other 

countries/councils

Working with  
businesses to  
reduce litter

Cost of cleaning  
beach

Encourage beach  
combing

Beach clean up  
volunteers

Loss of blue flag  
status

Decline in WFD  
status

Biodegradable  
waste / fishing  

gear

Identify causes of  
littering to identify  

solution

Unpleasant to  
look at

Beach clean up  
volunteers

Encourage beach  
combing

Acts as refuge /  
nesting material  

for animals

Beach clean up  
volunteers

Encourage beach  
combing

Decline in WFD  
status

Injury/mortality  
to marine life

Beach clean up  
volunteers

Encourage beach  
combing

Loss of blue flag  
status

Decline in WFD  
status

Loss of revenue  
from tourism

Beach clean up  
volunteers

Encourage beach  
combing

Loss of blue flag  
status

Decline in WFD  
status

Reduced well-
being from  

having clean  
beach nearby

Beach clean up  
volunteers

Encourage beach  
combing

Provides material  
for beach  

combers/detecto
rs/ artists

Beach clean up  
volunteers

Encourage beach  
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Loss of blue flag  
status
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for offender  
rehabilitation

Beach clean up  
volunteers

Encourage beach  
combing

Loss of blue flag  
status

Decline in WFD  
status

Health/safety  
risk to users of  
beach from litter

Beach clean up  
volunteers

Encourage beach  
combing

Loss of blue flag  
status

Decline in WFD  
status

Health risk from  
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litter

Beach clean up  
volunteers

Encourage beach  
combing

Loss of blue flag  
status

Beach cleans  
improve  
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Beach clean up  
volunteers

Encourage beach  
combing

Decline in WFD  
status

Source of micro-
plastics as larger  
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Beach clean up  
volunteers

Encourage beach  
combing

Damage to  
vessels and 
fishing gear

Beach clean up  
volunteers

Encourage beach  
combing

Loss of blue flag  
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authorities

Beach clean up  
volunteers

Encourage beach  
combing

Decline in WFD  
status

Impact on vessel  
navigation

Beach clean up  
volunteers

Encourage beach  
combing

Loss of blue flag  
status

Decline in WFD  
status

Impact on  
conservation  

objectives

Fishing for litter  
scheme

Decline in WFD  
status

Litter impacts  
wider ocean  
ecosystem

Decline in WFD  
status

Disruption to  
coastal /  
intertidal  
processes

Beach clean up  
volunteers

Encourage beach  
combing

Decline in WFD  
status

Source of litter  
into sea

Decline in WFD  
status

Fishing for litter  
scheme

Incentives to  
collect litter at sea

Communication  
between fishers  

and divers to  
retrieve lost gear

Sink of litter  
from sea

Charging for  
disposal

Lack of bins

Charging for  
disposal

Lack of bins

Beach clean up  
volunteers

Encourage beach  
combing

Fishing for litter  
scheme

Decline in WFD  
status

Leaching of  
chemicals

Fishing for litter  
scheme

Decline in WFD  
status

Plastic remains  
in oceans forever

Loss of blue flag  
status

Decline in WFD  
status

Judicial Review  
of Marine  
Licences

Perception that  
litter is normal

Reputation of  
specific user  

groups

Reduction of  
social value of  
beaches if they  
no longer use  

them

Reduction in  
local pride of  

their area

Vermin 
infestations -  
health/social

Vermin control -  
cost

Damage to  
investments/hou

se prices

Reduction in  
earnings for  

wildlife tourism

litter (plastics)  
enter human  

food chain

Carrying of  
pathogens

Hazard to  
navigation - loss  
of time, cost of  

removal, impact  
of collision

Spread of non-
natives
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3.2 Bow tie for Coastal Development 

 

Environment
al 

disturbance 
from coastal  
development

Coastal 
Development

Transparency and  
comm. between 

sectors

Improved 
consultation -  

start earlier and  
take more notice  
of stakeholders

Coordinated  
planning (at  
higher level)

Better local  
knowledge in  

planning

Lack of 
coordination/pla
nning between 

activities

Changing policy  
drivers

legal control of  
purchase of  

second homes

Better use of  
existing 

infrastructure  
(Brownfield)

High-end 
accommodation  

in prime 
locations

* Policy conflicts

Pressure to  
increase tourism

Poor design 
choices e.g.  

cheapest option

Incorporation of  
environmental  

concerns in  
planning controls

Inadequate 
impact 

assessments

Renewables 
obligations / 

targets

Conflict between 
sectors

Lack of 
maintenance of  

existing sea 
defences

Limited funding  
to distribute  

between multiple  
sectors

Climate change -  
managed retreat  
& loss of housing

Overall lack of  
knowledge of the  
effects (e.g. tidal  

turbines).

*Development of  
new technology

Basic feasibility  
of activities

Noise mitigation  
measures

Noise mitigation  
legislation

Geophys (noisy)  
surveys

Sea Defences -  
Safety Issues

Sea Defences -  
increased litter  

as exposed snag  
hazards 

increases risk of  
litter from 

anglers

Sea Defences -
Aesthetic

Sea Defences -  
Shift problem 

elsewhere

Sea Defences -  
changes in spp.  

composition

Sea Defences -  
habitat loss and  

reduced 
connectivity

Coastal Dev -  
Increased  

Coastal Access

Coastal Dev -  
Social Inequality

Coastal Dev -  
Seascape - e.g.  
caravan parks

Improved access  
for disabled/less  
able to historic  

areas.

Coastal Dev -  
boost to local  

economy

Build in wildlife  
corridors /  

artificial habitat

Disturbance to  
wildlife

Loss of habitat

Increase litter

Reduced 
biodiversity

Increased local  
vessel activity

Renewables -  
large scale in CB?

soft starts
piling timing  
restrictions

bubble curtains MMO's/PAMS
Gravity Bases 

instead of piling

Renewables -  
construction 

noise and 
disturbance

Renewables -  
habitat change 

and creation

Renewable 
energy - reducing  
in carbon, energy  

security

Renewables -  
changes to 

hydrodynamics  
and other coastal  

processes

Renewables  -  
changes to 
seascape 
(AONB?)

Managed Retreat  
- changes to look  

of beaches

Managed retreat  
- changes to 

habitat

Managed retreat  
- changes to 

substrate 
composition

Managed retreat  
- risk of chemical  

spills/pollution
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3.3 Bow tie for Sea Angling 

 

Disturbance 
from sea 
angling

Sea Angling

Environmental 
eduction of 

anglers

Right to fish

Environmental 
eduction of 

anglers

Free Fish!

Environmental 
eduction of 

anglers

Popularity of site 
and certain spp.

Environmental 
eduction of 

anglers

Catch & release 
guidance

Legislation on 
what species can 

be targeted or 
landed

Bag sizes for 
landings

Lack of 
information e.g. 
what people can 

take home

Loop holes to get 
round these

Environmental 
eduction of 

anglers

Poor practices - 
discarding of 
damaged line

Environmental 
eduction of 

anglers
provide bins

signs encouraging 
take home of litter

Work with keep 
Wales tidy

Littering of 
plastic bait bags 

(no bins)

Inadequate 
anchors (drag)

Lack of angling 
clubs to 

distribute info.

Lack of 
legislation

"live" reporting to 
target offenders

License vessels 
rather than 
individuals, 

possibly with 
conditions

Enforcement 
lacking & 

impractical

Lack of resources 
limits licensing 

and enforcement

Freshwater 
approach to 
licensing not 
applicable in 

marine

Efficient 
commission of 

research

Lack of 
knowledge of 

"effects" of sea 
angling.

Habitat damage - 
anchoring/tramp

ling

Removal of 
target spp.

Discarded catch 
in bins/hedges

By-catch (birds 
and cetaceans in 

gill nets)

Sustainable 
sources of bait inc. 

farmed

Damage caused 
by bait digging

Injury to wildlife 
from hooks/lines

Non native spp 
(via bait)

Divers used to 
recover lost tackle

Litter from 
discarded fishing 

tackle

Reported -vely so 
no longer carried 

out

Reduced prey for 
top predators

Non-lethal 
effects of catch & 

release (e.g. 
missed breeding)

Pollution, fuel, oil 
fumes (boats and 

cars)

Health & Well-
being - benefits 

from being 
outside

Free, healthy 
food

Conflict with 
other users

Pressure on 
coastal amenities

Economic  - 80k+ 
recreational sea 
anglers in Wales

Economic - World 
Shore Angling 
champs 2018 

Conway.

Clubs/associatio
ns - social and 

economic

National Trust 
"Coastodian"

Apps for reporting 
data

Poor Evidence?

People don't 
want to advertise 

their fishing 
locations to 

others

Spp. loss = 
Reduction in the 

number of 
anglers
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3.4 Bow tie for Wildlife Tourism 

 

  

Wildlife 
tourism 
drubs 

environment

Wildlife Tourism

Managing tourists 
expectations - 
what they will 
see/how often

Trip advisor / 
social media 

promotion

Promotion by 
Wildlife Trusts 

Visit Wales

Media Exposure, 
TV coverage

Cheap 
entertainment 

for kids

No rest periods 
for animals

High adrenalin 
activities e.g. 

coasteering

Response, site-
specific 

management
Add regulationMax capacity - but 

localised

Problems of 
enforcement, 

lack of regulation

Over regulation

Code(s) of conduct
Controlled by 

visitor numbers 
and transport 
infrastructure

Controls on 
boats/jet skis in 

sensitive area

Skipper meeting at 
start of season

Natural and 
economic factors 
limit expansion

Limits on 
commercial  

moorings
Licensing of boats

Launch licenses - 
conditions 
attached

Too many vessels 
in one area

Able to moor 
elsewhere and 
still operate in 

same area

Too many codes 
of conduct / 

overly 
complicated

New bodies may 
not know history 

of old CofC.

Awareness of 
existing CofC

Use of clubs to 
disseminate 
info/training

Signs etc.Soft approach - 
quiet word

Environmental 
education of 

operators & clients
Lead by example

Repeat customers 
are often more 
aware of issues

Radio 
communication - 

warning of 
pressure

Self-regulation of 
industry

Patrol boats

Approaching 
animals too 

closely, 
erratically, 
aggressively

Radio 
communication - 
highlight where 

dolphins are

Underwater and 
airborne noise

Lack of 
disturbance 

definition, lack of 
monitoring

Code(s) of conductAccreditation
Education for 
public so they 
know which 

operators to book  
with

Use of clubs to 
disseminate 
info/training

Lack of 
education, 

guidance, codes 
of conduct

Too many 
accreditations

Too many codes 
of conduct / 

overly 
complicated

New bodies may 
not know history 

of old CofC.

Awareness of 
existing CofC

Limits on numbers 
of operators

Competition 
between 
operators 
(dolphin 

watching vs 
wildlife

Part of a wider 
holiday stay

Land based 
wildlife watching 

Monitoring & 
Enforcement

Collision with 
dolphins - injury 

or mortality

Cost of 
enforcement - 

boats are 
expensive

Marine litter

Single spp. 
protection

Reporting aids 
spp. monitoring 
e.g. Sea Watch 
Foundation / 

CBMC

Increased 
competition for 

marine space

Habituation? May 
still have effects

Citizen science 
projects to collect 

data

Correlation vs 
Causation

Noise masking of 
cetacean 

communications

Better liaison 
between 

authorities and 
specialist groups

Pups abandoned 
e.g. disturbance 
from coasteering

Disruption of 
feeding and 

foraging patterns

Wildlife & 
Countryside Act - 
Replaced by EU 

leg?

Enforcement by 
police - knock on 
door often enough

Being able to 
prove "reckless"  

disturbance

Jet ski 
disturbance

Costs and 
practicality of 

enforcement/pro
secution

Enforcement may 
require specific 

legislation

Burden of proof

Disturbance 
increases risk of 

predation for 
seabirds

Welsh Wildlife 
&Countryside Act

Habitats Directive

Provides 
incentive to 

protect wildlife

Educational 
opportunities and 

improvement 
awareness of 

wildlife 
conservation

Increased 
tourism+ve and -

ve effects

Valuable 
diversification 

from fishing for 
coastal 

communities

Increased 
employment



  

Page 19 

3.5 Bow tie for Policy & Regulation (lack of joined up decision-making; lack of 
enforcement) 

  

Policy 
Regulation

Policy

Prioritisation of 
one sector over 

another

Welsh Govt.. 
policy to increase 

tourism

Low carbon 
economy

Policy 
intent?/Implicatio

ns?

Short term 
policies / 
thinking

Multi-disciplinary 
engagement - 

industry, science, 
policy

Engagement with 
industry - use on 

industry info

Lack of 
engagement

lack of long-term 
funding

"Large" area 
protect (MPA)

Welsh Govt.. in 
infancy (split 

powers)

Transparency in 
decision making

No always 
enough info to 
make informed 

decisions

Stakeholder 
approach good 

for WNMP

Traceability of fish 
at end of supply 

chain

Bottom up

MSFD

Habitats & Birds 
Directives (Habs 

Regs)

MCAA (marine 
licensing)

MPS?

Environment Act 
(Wales)

Well-Being of 
future 

generations Act

Coexistence

Conflict between 
sectors 

(resources/space
)

Knock-on effects 
between sectors

Policy/Regulator
y staff spread too 

thinly

Harbour Master 
role diminishing 

due to cuts

SAC Officer 
continuity

Potential impact 
of tourism on 
environment

Transparency in 
enforcement

Enforcement 
actions not taken 

consistently

Adopt a dolphin

Adequate funding 
to protect 

wildlife

SAC monitoring 
post-BREXIT?

Regional 
difference in 

policy 
implementation

Local area 
specific 

requirements lost 
in national policy

Consistency 
between byelaws

Is MCAA, 
Environ. Act 
WBFG(?) in 

conflict?
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3.6 Bow tie for Recreational Water Sports 

 

Environment
al 

disturbance 
from Water 

Sports

Recreational 
Water Sports

Vessel registration 
scheme with 

identifier e.g. as in 
Gwynedd

Education - hand 
out with mooring 

paperwork

Improved 
signage / 

information

Anchoring/moori
ng - lack of 

education on 
best practices or 
consequences of 

anchoring

Education - hand 
out with mooring 

paperwork

Disturbance from 
removal and 

seasonal 
maintenance

Divers - overlap 
with illegal 
commercial 
harvesting

Divers buoyancy 
control - 

increases risk of 
damage to reef 

fauna

Economic 
pressure to 

succeed as a 
recreational 

business

Exchange rates - 
increase in 

overseas tourist 
due to change in 

£:€ rate

Health and well-
being benefits - 

enjoyment

Accessibility due 
to lack of 
regulation

Low cost of 
activities

Education on 
effects/consequen

ces 
"MOT" for boats

Lack of 
maintenance / 

places to remove 
bio-fouling = 

increase in Non-
native spp.

Education - hand 
out with mooring 

paperwork

Lack of oil 
disposal facilities

Education - hand 
out with mooring 

paperwork

Fuel spillage - 
accidental/lack 

of protocol

Lack of 
understanding of  

personal 
contribution

??Businesses 
insisting on train 

to buy??

License to operate 
power boat

Closing off 
sensitive areas

Approaching 
wildlife too 

closely/aggressiv
ely

Closing off 
sensitive areas

Lack of good 
access - too 

much activity in 
certain 

points/trampling

Diving - no 
controls over 

numbers

Lack of local 
power to enforce

License to operate 
power boat

Education - hand 
out with mooring 

paperwork

No vessel speed 
limits

Disturbance of 
fish by divers

License to operate 
power boat

Speed restrictions
Education on 

effects

Codes of conduct 
e.g. RYA best 

practice

Maintenance of 
propellers??

Disturbance from 
noise

Bye-lawsCode of conduct

Disturbance due 
to close 
proximity

Tourist income

Increased 
investment in 

marinas

Improved 
signage / 

information

Disturbance at 
specific life 

stages

Improved 
signage / 

information
Speed limits

AIS tracking and 
monitoring of 

speed?

Injury to 
dolphins

Improved 
signage / 

information

Improvements in 
technology

Reduce no. of 
vessels

Noise - 
disturbance, 

displacement, 
masking

NRW - 
management 

already in place

Improved 
signage / 

information

Non-native Spp. 
via hulls & bilges

Improved 
signage / 

information

Disturbance of 
intertidal 

habitats at 
launch sites

Improved 
signage / 

information

Mooring and 
anchoring 

disturbance of 
seabed

Diving - personal 
harvesting of sp. 

e.g. 
lobsters/scallops

Diving - 
disturbance to 

emergent fauna 
or birds nesting 

on cliffs

Increase 
pressure on local 

amenities - 
parking, bins, 

toilets

Improved 
signage / 

information

Increase facilities 
to dispose of 

oil/fuel

Pollution spill 
risk

Benefits from 
social 

interactions in 
group activities

Increased litter

Health and well-
being - physical 

exercise

Increased 
awareness of 

wildlife, 
environment

Increased local 
vigilance / 
reporting of 

issues

Increased local 
pride in area

Increased local 
employment

Increased 
international  
profile due to 

venue preference 
for international  

events

Economic 
benefits of all 

activities (GVA)

Marine spatial 
planning

Govt.. policy to 
define MSP

Conflict between 
users e.g. jet 
skis / bathers

**increased 
property prices

Strain on 
infrastructure

Displaced 
business 
activities
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3.7 Bow tie for Scallop Dredging 

  

Environment
al 

Disturbance 
due to 
Scallop 

Dredging

Scallop Dredging

IVMS

VMS polling Rate

Remove scallop 
dredging from 
certain areas

Presence of 
vessels - 
increased 

disturbance, 
litter, pollution 

risk

MSC certification
Remove scallop 
dredging from 
certain areas

Catch and/or 
Effort restrictions

Harvesting 
method

MSC certification
Effective 

enforcement of 
existing legislation

Compulsory 
management / 
biology training 

before allowed to 
fish

Develop well-
regarded effective 

and enforced 
management

Lack of 
management 
instruments

Remove scallop 
dredging from 
certain areas

Conflict between 
local and national 

interests

*BREXIT

MSC certificationIVMS

Illegal fishing

High value of 
scallops as 
luxury food

Effective 
enforcement of 

existing legislation

Lack of funding 
for management, 
enforcement and 

research

No long-term 
management 

strategy

Effective 
enforcement of 

existing legislation

Barcoded scallop 
dredge bags

MSC certification

Poor chain of 
custody

Remove scallop 
dredging from 
certain areas

Displacement of 
effort

Remove scallop 
dredging to allow 

recovery

Physical effect on 
seabed geology

Remove scallop 
dredging to allow 

recovery

Biological 
impacts

Remove scallop 
dredging to allow 

recovery

Ecosystem 
Effects

Remove scallop 
dredging to allow 

recovery

Diversity loss

Remove scallop 
dredging to allow 

recovery
Limit tow duration

Bycatch

Noise 
disturbance from 

dredger

Non-native spp.

Direct income

Access disparity

Gear rotation

Static/towed 
gear conflict 

potential

Potential conflict 
with other 

sectors

Increase litter 
(intentional or 

accidental)

Incentives to land 
and process locally

Processing

Increased 
pollution risk 

from greater no. 
of vessels

Transparency of 
IVMS data

Loss of 
trust/disengage

ment

Transparency of 
IVMS data

Resentment to 
boats in areas 
they "shouldn't 

be in"

Develop well-
regarded effective 

and enforced 
management

Transparency of 
IVMS data

Reputational 
Damage

Mismatch 
between 
customer 

expectation and 
reality

Use of slave 
labour?
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4 Discussion 

4.1 Using Bow Tie Analysis as a Stakeholder Engagement Tool 

To our knowledge, this is the first time that Bow Tie Analysis has been used in a live situation to 
collate stakeholder knowledge and experience.  A number of lessons were learnt from the 
process that could inform further events: 

 It is crucial to define the top event well before starting a stakeholder workshop.  If the 
top event is loosely defined, it forms more of a topic for discussion rather than a specific 
unwanted scenario.   Individual stakeholders typically have their own views on what the 
top event should be, based on their own priorities/industry interests.  Constructing a 
bow tie diagram live on a screen can be time consuming (and probably difficult for the 
audience to follow).  The post-it note method works well as it is inclusive and allows 
everyone to present their views.   

 Good facilitation is needed to ensure data are collected in the right places.  Facilitators 
play an important role in keeping stakeholders focused on the top event.  In some cases, 
it was difficult to determine which barriers related to which threats/consequences, 
particularly when the same barrier applied to multiple threats or consequences.   

 It may be better to draft a basic bow tie diagram before the workshop and then use 
stakeholder input to improve it and add evidence. 

 Some evidence presented by stakeholders was highly targeted to a specific issue of 
case.  Evidence presented by stakeholders was of diverse nature and origin, ranging 
from often site- and case-specific empirical evidence to anecdotal evidence where the 
source of information needs to be verified.   

 As with all stakeholder events it is difficult to get complete stakeholder representation.  
This can lead to a skewed perception within the results.  Within this workshop there 
was no representation made by the scallop dredging industry.  Some NGOs and local 
businesses were also missing.  However, overall, we had broad representation from 
most stakeholders.   

4.2 Identifying appropriate parameters for cumulative effects assessment from 
Bow-Tie-Analysis (BTA) 

The first step following the workshop will be to better define the “Top Event” i.e. the central 
knot of each bow tie, or unwanted scenario.  Within many of the discussion groups of the 
workshop, it was clear that the topics have many complex layers.  The bow ties created during 
the workshop will be broken down into a series of smaller bow ties.  This will allow us to identify 
individual unwanted events. We will then link these individual bow ties to produce a coherent 
picture of how different activities effect Cardigan Bay.  Wherever possible, data/evidence will 
be added to the components of the bow ties.  The end goal is to quantify as many of the bow 
tie components.  It is unlikely to be possible to quantify all components – for many aspects the 
data simply do not exist.  This will move towards a quantitative view of the activities taking place 
within Cardigan Bay, their ecological and socio-economic effects and the response of the 
ecosystem to management measures.   
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Of interest are the multiple “escalation factors” (identified as yellow boxes in the diagrams 
above).  These are factors that tend to compound a problem.  The stakeholders were invaluable 
in identifying many of these factors.  Adding detail, data and evidence to these factors will help 
to understand how existing policies are working to protect the environment in Cardigan Bay. 

 

5 Next Steps 

The draft bow ties produced during the workshop (section 3) will be refined and detail added 
as appropriate.  The content of questionnaires (with names and affiliations removed) will be 
used to expand or divide the draft bow ties.  A project report, one scientific paper and a briefing 
note are planned.  The scientific paper will report the use of bow tie analysis as a stakeholder 
engagement tool.  The briefing note will focus specifically on the topics raised by the 
stakeholders on the Cardigan Bay area (noting that these are the views of the participants and 
that not all parties with an interest in the management of Cardigan were present so this is an 
incomplete picture).     

The workshop has provided a means for a bottom-up consideration of the issues (through direct 
assimilation of the stakeholder views).  It has sets the parameters / context for the suite of 
models used in MERP.  It will help focus the MERP outputs into usable products.  Stakeholder 
views can be fed into models to help create more realistic and relevant scientific outputs.    
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Appendix 1: 

 

Cardigan Bay Stakeholder Workshop Groups 

Group 1 Group 2 Group 3 

Tom Webb 
(facilitator) 

University of 
Sheffield 

Mike Kaiser 
(facilitator) 

Bangor 
University 

Tara Hooper 
(facilitator) 

PML 

Paul 
Blackwell 

University of 
Sheffield 

Peter Evans Bangor 
University / Sea 
Watch 
Foundation 

Miriam 
Grace 

University of 
Sheffield 

Katrin 
Lohrengel 

Sea Watch 
Foundation 

Alison 
Palmer 
Hargrave 

Gwynedd 
Council SAC 
Officer 

Lee Murray NRW 

Jenny Oates WWF Roland 
Sharp 

NRW Tom Stringell NRW 

Clive Pearce Welsh 
Federation of 
Sea Anglers 

Alejandra 
Vergara 
Peña 

Bangor 
University 

Mick Green Whale & 
Dolphin 
Conservation 

James 
Waggitt 

Bangor 
University 

Helen Pearce Welsh 
Federation of 
Sea Anglers 

Emily 
Williams 

RSPB 

Sarah Perry Wildlife Trusts 
Wales 

Gerwyn 
Evans 

Visit Wales Tony Bruce Enlli Charters 

Mike Spence  Cefas Jonathan 
Evans 

Dolphin 
Spotting Boat 
Trips 

  

  Mike Parry Pwllheli 
Partnership 

  

  John 
Eddington 

Welsh Yachting 
Association 
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Appendix 2: 

 

Questionnaire 
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About us 

The Centre for Environment, Fisheries and 
Aquaculture Science is the UK’s leading and most 
diverse centre for applied marine and freshwater 
science.  
 
We advise UK government and private sector 
customers on the environmental impact of their 
policies, programmes and activities through our 
scientific evidence and impartial expert advice. 
 
Our environmental monitoring and assessment 
programmes are fundamental to the sustainable 
development of marine and freshwater industries.    
 
Through the application of our science and 
technology, we play a major role in growing the 
marine and freshwater economy, creating jobs, and 
safeguarding public health and the health of our seas 
and aquatic resources 
 
Head office    
Centre for Environment, Fisheries & Aquaculture 
Science  
Pakefield Road 
Lowestoft 
Suffolk 
NR33 0HT 
Tel: +44 (0) 1502 56 2244 
Fax: +44 (0) 1502 51 3865 
      
Weymouth office  
Barrack Road 
The Nothe  
Weymouth  
DT4 8UB  
 
Tel: +44 (0) 1305 206600 
Fax: +44 (0) 1305 206601 
 

 
  
 

Customer focus 

We offer a range of multidisciplinary bespoke 
scientific programmes covering a range of sectors, 
both public and private. Our broad capability covers 
shelf sea dynamics, climate effects on the aquatic 
environment, ecosystems and food security. We are 
growing our business in overseas markets, with a 
particular emphasis on Kuwait and the Middle East. 
 
Our customer base and partnerships are broad, 
spanning Government, public and private sectors, 
academia, non-governmental organisations (NGOs), 
at home and internationally. 
 
 
We work with:  
 
 a wide range of UK Government departments 

and agencies, including Department for the 
Environment Food and Rural Affairs (Defra) and 
Department for Energy and Climate and Change 
(DECC), Natural Resources Wales, Scotland, 
Northern Ireland and governments overseas.  

 industries across a range of sectors including 
offshore renewable energy, oil and gas 
emergency response, marine surveying, fishing 
and aquaculture.  

 other scientists from research councils, 
universities and EU research programmes. 

 NGOs interested in marine and freshwater.  
 local communities and voluntary groups, active 

in protecting the coastal, marine and freshwater 
environments. 
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