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tebygolrwydd o oresgyniad gan INNS penodol a syniad o gyfnodau lle bydd 
goresgyniadau ar eu hanterth. Ymchwiliodd yr astudiaeth hon i lwybrau cyflwyno ar 
lefel Cymru gyfan. Ar gyfer risgiau ar raddfa fwy lleol, fel safleoedd gwarchodedig, 
gallai data â chydraniad uwch sy'n benodol i'r ardal dan sylw, wella rhagfynegiadau o'r 
risgiau o gyflwyno rhywogaethau estron goresgynnol morol.  
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Estuary, areas to the west of Anglesey, Pembroke and an area south of Newport in the 
Severn Estuary.    
 
Protected areas with potentially the highest risk of introduction in Wales, based on 
consideration of the introduction pathways alone, are predominantly located close to 
sheltered bays, inlets and major ports and harbours.  This is consistent with the relative 
intensity of the introduction pathways recognised as dominant vectors of introduction. 
Key areas of overlap with designated sites include in the vicinity of the Dee Estuary, 
along the north coast of Wales and around Anglesey, Milford Haven, Carmarthen Bay, 
Swansea Bay and along the south-east coast of Wales.  
 
The introduction pathways considered within this assessment are unlikely to change 
substantially in the medium term (20-50 years), possibly with the exception of offshore 
activities and new shellfish gathering/production sites. In addition, where such changes 
do occur, particularly where a marine licence is required, a biosecurity risk assessment 
is typically required. The identified high-risk areas and their overlap with designated 
sites therefore provides a high-level indication of protected areas that could be at most 
risk from INNS. These sites could be a focus for targeted monitoring programmes to 
ensure the early detection of INNS and, therefore, facilitate the eradication or control 
of INNS before further spread.  
 
It should be noted, however, that this report is a baseline for mapping these activities 
in Wales and will be used as part of a toolkit for biosecurity planning. The heatmaps 
produced are for risk assessment, not risk management. This was a national scale 
mapping exercise based only on freely available datasets, which themselves have 
limitations and possible inaccuracies due to incomplete coverage, both temporally and 
spatially. The scorings applied to the input datasets and weightings applied to the 
introduction pathways are also based on available literature and expert judgement.  
Site-specific activities and conditions will always be an important consideration, as well 
as temporal variations. It is also worth noting that along with excluding fishing, this 
report does not cover all introduction pathways such as live bait, marine litter and 
deliberate release as this was out of the scope of the project and there is not enough 
data available to map them.  
 
Taking these limitations and other influencing factors into consideration, the heatmaps 
provide a useful, national scale, position of the relative intensity of risk of introduction 
of INNS through the pathways assessed. The outputs from this assessment can form 
the basis to underpin biosecurity planning. Further investigation of target INNS life-
history traits and temporal trends in introduction pathways could aid in understanding 
the likelihood of invasion by particular INNS and an idea of peak periods of invasions.  
This study investigated introduction pathways at a Wales-wide level. For risks at a 
more localised scale, such as protected sites, higher resolution data specific to the 
area of interest may improve predictions of the risks of introduction of marine INNS.   
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Table 6 Summary of introduction pathway heatmaps 
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Figure 2  Combined commercial shipping heatmap 
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Figure 3 Combined recreational boating heatmap 
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Figure 4  Combined shellfish gathering/production heatmap 
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Figure 5  Combined offshore activities heatmap 
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Figure 6 Combined introduction pathways heatmap 
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Figure 7  Combined introduction pathways and designations heatmap 
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6. Discussion 
 
6.1. Introduction pathways  
 
This assessment provides a valuable insight into hotspots related to each potential 
pathway of introduction included in this report (Figures 2-6), the areas where the main 
areas of risk overlap for the different pathways and their overlap with protected areas 
(Figure 7). The outputs from this assessment can help to form the basis on which to 
underpin biosecurity planning.  It should be noted, however, that this was a national 
scale mapping exercise based only on freely available datasets, which themselves 
have limitations and possible inaccuracies due to incomplete coverage, both 
temporally and spatially. The scorings applied to the input datasets and weightings 
applied to the introduction pathways are also based on the available literature and 
expert judgement. Where there is no activity shown in the heatmaps, this is assumed 
to be the lowest risk of all, however, it may also be due to a data gap.   
 
Aquaculture and shipping (including recreational vessels) are responsible for the 
majority of INNS introductions in the Celtic Sea (EEA, 2019b), therefore, the overall 
heatmap is heavily weighted towards these introduction pathways. Areas where these 
heavily weighted pathways overlap have resulted in hotspots of pressure where there 
is increased likelihood of introduction of marine INNS. Overall, key hotspots that have 
been identified around the Welsh coast include the Dee Estuary, Anglesey, and along 
the south coast including Milford Haven, Swansea Bay and Port Talbot.  
 
The overall heatmap has provided a general overview of the areas of relatively high 
risk of introduction of INNS.  However, the individual heatmaps provide a better 
representation of the risks associated with individual pathways. The individual pathway 
heatmaps should, therefore, be considered alongside the overall heatmap to best 
understand the associated risks and provide more specific detail on areas where 
management measures should be targeted. This is an important consideration when 
deciding on how best to manage risks associated with specific activities.   
 
Ports and harbours are recognised as important areas for monitoring the early 
detection of introductions (Arenas et al., 2006) due to the high intensity of commercial 
vessels. Compared to commercial shipping, recreational vessels likely pose a greater 
risk of introduction to a wider area outside of ports and harbours. They can travel long-
distances and anchor/moor for a prolonged period of time in shallow, sheltered coastal 
bays and marinas making them an ideal vector for both the primary and secondary 
introduction of INNS on local and regional scales (Minchin et al., 2006; Tidbury et al., 
2014).  
 
The risk of introduction from shellfish waters are mapped as being highest in sheltered 
bays and estuaries/inlets along the Welsh coastline, with some of the largest areas 
around the River Dee, Menai Strait, Loughor Estuary and around Carmarthen Bay and 
Swansea Bay. Given the open nature of shellfish gathering/ production sites, these 
areas might facilitate the spread of INNS once introduced. For example, hitchhiking 
species on aquaculture imports (including predators, pathogens and parasites) have 
been observed to establish populations outside aquaculture sites (Grosholz et al., 
2015). In Europe, Savini et al. (2010) found that the majority of hitchhiking species 
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assessment is typically required.  The identified high-risk areas and their overlap with 
designated sites therefore provides a high-level indication of protected areas that could 
be at most risk from INNS. It should be noted, however, that this is based on national 
scale mapping and that site-specific activities and conditions will always be an 
important consideration.   
 
Protected areas may need site-based prevention and detection efforts depending on 
the introduction pathways which overlap with these areas. Similarly, measures 
extended past the boundaries of the protected areas may further reduce the risk of 
introduction from outside these locations by secondary transfer or natural dispersal 
(Monaco and Genovesi, 2014). Biosecurity strategies should also be updated 
regularly, for example, when an INNS becomes established or knowledge of the 
pathways of introduction increases for a specific area (Simberloff et al., 2013). 
 
6.3. Future considerations 
 
Each introduction pathway examined in this report has been based on specific 
anthropogenic vectors of introduction where data are available at a national scale.  
However, further factors could have a large influence on both the estimated risk of 
introduction associated with individual pathways as well as the likelihood of successful 
establishment of INNS.  
 
In practice, species specific biological tolerances would determine whether individual 
pathways provide a viable vector for the translocation of a particular INNS.  This 
combined with the suitability of conditions in the new habitat would influence the 
likelihood of establishment. If particular species are of interest in biosecurity planning, 
consideration is therefore required of the biological traits of the respective INNS and 
the relationship with the different introduction pathways.  This could include, for 
example, more detailed consideration of the ports of origins of vessels arriving in Welsh 
waters as well as the relative similarity of environmental conditions between the two 
locations.   
 
The Cefas Study included data on the number of unique connections and number of 
voyages into ports from inside and outside the UK. This enabled the shipping pathway 
to be scaled so that the greater the number of connections/sources and number of 
voyages, the greater the likelihood of introduction. These data were not available for 
the present assessment; however, vessel density could be weighted by number of 
unique connections and provide a more detailed understanding of the likelihood of 
introduction per vessel. 
 
Data on types of shellfish gathering/ production harvesting, which was not available to 
this study, would improve the analysis of the risk from this introduction pathway, as 
well as information on live shellfish imports. 
 
Fishing was originally included in this report, however, it was decided that the limited 
data gave an inaccurate representation of the fishing activity in Wales and therefore, 
fishing was later removed. The inshore vessel monitoring system recently introduced 
to Wales will provide much more accurate data in the future for vessels under 12 
metres. It would be useful to have the ability to differentiate between vessels in transit 
(to and from fishing grounds) and vessels deploying fishing gear, this would assist with 
identifying INNS introduction pathways further.  
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Estuary, areas to the west of Anglesey, Pembroke and an area south of Newport in 
the Severn Estuary.    
 
Protected areas with potentially the highest risk of introduction in Wales, based on 
consideration of the introduction pathways included alone, are predominantly located 
close to sheltered bays, inlets and major ports and harbours.  This is consistent with 
the relative intensity of the introduction pathways recognised as dominant vectors of 
introduction. Key areas of overlap with designated sites include in the vicinity of the 
Dee Estuary, along the north coast of Wales and around Anglesey, Milford Haven, 
Carmarthen Bay, Swansea Bay and along the south-east coast of Wales.  
 
The introduction pathways considered within this assessment are unlikely to change 
substantially in the medium term (20-50 years), possibly with the exception of 
offshore activities and new shellfish gathering/ production sites.  In addition, where 
such changes do occur, particularly where a marine licence is required, a biosecurity 
risk assessment is typically required.  The identified high-risk areas and their overlap 
with designated sites therefore provides a high-level indication of protected areas 
that could be at most risk from INNS. These sites could be a focus for targeted 
monitoring programmes to ensure the early detection of INNS and, therefore, 
facilitate the eradication or control of INNS before further spread.  
 
It should be, noted, however, that this was a national scale mapping exercise based 
only on freely available datasets, which themselves have limitations and possible 
inaccuracies due to incomplete coverage, both temporally and spatially. The scorings 
applied to the input datasets and weightings applied to the introduction pathways are 
also based on available literature and expert judgement.  Site-specific activities and 
conditions will always be an important consideration, as well as temporal variations. 
Fishing was not included in this report due to insufficient data. The new inshore 
vessel monitoring system will provide much more accurate data in the future.  
 
The heatmaps provide a useful, national scale, position of the relative intensity of risk 
of introduction of INNS through the pathways assessed. Further investigation of 
target INNS life-history traits and temporal trends in introduction pathways could aid 
in understanding the likelihood of invasion by particular INNS and an idea of peak 
periods of invasions. This study investigated introduction pathways at a Wales-wide 
level; for risks at a more localised scale, such as protected sites, higher resolution 
data specific to the area of interest may improve predictions of the risks of 
introduction of marine INNS.  
  
Taking these limitations and other influencing factors into consideration, these 
outputs provide a valuable insight into hotspots related to each potential pathway of 
introduction, the areas where the main areas of risk overlap for the different 
pathways and their overlap with protected areas. 
  

























 
 

Page 57 www naturalresourceswales gov.uk 

 
Figure 10.1 Non-port vessels heatmap 
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Figure 10.2 Port vessels heatmap 
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Figure 10.3 Dredging / Underwater operations vessels heatmap 
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Figure 10.4 High speed craft heatmap 
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Figure 10.5 Military / Law enforcement vessels heatmap 
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Figure 10.6 Passenger vessels heatmap 
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Figure 10.7  Cargo vessels heatmap 
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Figure 10.8  Tankers heatmap 
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Figure 10.9  Unknown vessels heatmap 
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Figure 10.10 Global vessels heatmap 
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Figure 10.11  Regional vessels heatmap 
 
 
 


















































