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EXECUTIVE SUMMARY 
 
Overview 
 
1. This review aims to provide an overview of current knowledge of the potential 

impacts of marine aggregate dredging on seabirds and had three main objectives: 
i. To systematically review what is known about the effects of marine aggregate 

extraction on seabirds and waterbirds and their supporting habitats and prey, so 
as to inform and facilitate future Environmental Impact Assessments (EIAs) and 
Appropriate Assessments, in particular with respect to new dredging licence 
applications and the review of existing consents in existing and proposed Special 
Protection Areas (SPAs);  

ii. To assess the sensitivity of seabirds and waterbirds to marine aggregate 
extraction and subsequently to identify species and areas of high ecological 
vulnerability for birds with regards to dredging;  

iii. To identify any gaps in the understanding of the impacts of aggregate 
extraction on seabirds and waterbirds, and recommend appropriate research. 

2. The principal effects identified in this review encompass:  
 i.  The direct effects of disturbance associated with dredging operations;  
 ii.  The increased turbidity associated with dredging operations;  
 iii.  The direct effects associated with shipping;  
 iv.  The indirect effects of impacts on benthic and fish communities;  
 v.  The indirect effects of sedimentation. 
3. Species vulnerabilities to these effects are likely to be highly variable. Divers, 

grebes and seaduck (Eiders, scoters and Long-tailed Ducks) are likely to be 
among the most vulnerable, whilst Storm Petrels, Gannets and gulls are likely to 
be among the least vulnerable. Areas where seabirds are most likely to be 
vulnerable to the effects of dredging (i.e. those where most features of SPAs 
might be affected) are also identified. 

4. The most significant effects of marine aggregate dredging for seabirds are likely 
to be related to the sediment plumes generated during dredging operations, rather 
than more obvious issues such as disturbance, shipping and damage to the 
seabed. It is important to consider how the potential impacts compare to those 
from other industries and, for the purposes of EIAs, the potential cumulative 
effects across industries. Due to its limited temporal extent, the shipping 
associated with marine aggregate dredging is unlikely to contribute significantly to 
total shipping within regions as a whole. Similarly, damage to the benthos and 
associated fish communities must be considered in the context of activities such 
as scallop dredging, which occur in similar locations, but at a greater spatial scale, 
and for more sustained periods. 

5. There remain a number of significant gaps in our knowledge. In particular: 
 i.  The relative importance of dredging zones as foraging locations for seabirds 

has not been directly assessed; 
 ii. There have been no direct studies of the use of dredging areas by birds 

before, during and after dredging activities; 
 iii. There have been no direct studies of the interactions between seabirds and 

dredging vessels. 
6. Research to address and reduce the uncertainty concerning these knowledge 

gaps, and so inform future licence applications, could include: 
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 i. Use of existing data or, more usefully, new surveys to directly assess the use 
of existing dredging areas; 

 ii. Where new permissions are granted, surveys to provide a baseline 
assessment of the use of the zone by seabirds, and evaluation of any changes 
in usage over the course of the licence period; 

 iii. Surveys to monitor how seabird distributions and numbers change as the 
seabed recovers from dredging operations; 

 iv. Use of habitat association modelling to investigate the potential impacts of 
marine aggregate dredging areas to seabirds while accounting for other 
sources of variation. 

 
Background 
 
7. Marine sand and gravel (aggregates) make an important contribution to the UK’s 

demand for construction materials. Whilst their extraction affects only a small 
proportion of the seabed, this dredging may potentially have significant effects for 
seabirds. 

8. An extensive literature review was undertaken in order to identify aspects of 
marine aggregate extraction likely to affect populations of seabirds. This review 
included previous MEPF funded reports as well as reports from ecological 
consultancies who had previously undertaken ecological assessment work with 
regards to extraction license applications were contacted and asked to supply 
copies of relevant reports. Finally, a detailed search of publications in peer-
reviewed scientific journals was undertaken using the Google Scholar and Web of 
Science search engines. 

9. As no direct studies of the impacts of marine aggregate extraction on seabirds 
were identified, these searches were expanded to include other activities, such as 
shellfish dredging and wind farm construction that may have comparable effects. 

10. The potential effects of marine aggregate dredging operations on seabirds can be 
divided into two categories. Potential direct effects include:  

 i.  The effects of disturbance associated with dredging operations;  
 ii.  The increased turbidity associated with dredging operations;  
 iii. The effects associated with shipping, including disturbance, oil pollution and 

collisions.  
 Potential effects that might act indirectly, e.g. through impacts on food supplies 

include: 
 iv. The effects of impacts on benthic and fish communities;  
 v.  The deposition of re-suspended sediment, which may impact fish communities 

through alterations to habitat and the smothering of eggs and larvae;  
 vi. The potential release of toxins held within the sediment. 
11. Species sensitivity, exposure and vulnerability were considered in relation to the 

first five of these effects. The effect of pollution from the release of toxins into the 
marine environment is considered to be of negligible significance. 

12. A suite of 26 species that were potentially exposed to the effects of marine 
aggregate dredging was identified by comparing information on the location of 
marine aggregate dredging zones and their associated shipping lanes to the 
locations of SPAs and data from the European Seabirds at Sea (ESAS) database.  

13. The potential vulnerability of different species to the effects of marine aggregate 
dredging in UK offshore waters was assessed through consideration of their 
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sensitivity and exposure to different effects.  The assessment of species’ 
sensitivities to the effects of marine aggregate dredging draws qualitatively upon 
the results of the literature review and also previous vulnerability indices 
developed for birds in the marine environment. Species’ exposure to marine 
aggregate dredging in UK waters was assessed using GIS by relating data on the 
locations of SPAs where the species are features and their potential foraging 
ranges to the areas of marine aggregate dredging areas and associated shipping. 
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1. INTRODUCTION 
 
Marine sand and gravel (aggregates) make an important contribution to meeting the 
UK’s demand for construction aggregate materials. As terrestrial sources of sand and 
gravel are becoming exhausted, attention has been increasingly focussed on the 
importance of seabed resources to satisfy part of the demand for aggregates. The 
seabed is also recognised as the only viable source of material for large-scale beach 
replenishment materials in support of coastal defence schemes. In recognition of this, 
the contribution of marine aggregate resources is supported by national minerals 
policy, subject to environmental safeguards. 
 
Marine aggregate extraction in Britain is found within distinct regions around the 
coasts of England and Wales in both inshore and offshore waters. On an annual 
basis, marine aggregate dredging affects only 0.03 % of the total North Sea seabed, 
however, as it is largely confined to coastal waters, at depths of between 18 metres 
and 35 metres, local effects may be highly significant (de Groot 1996; Highley et al. 
2007). The UK Dredging fleet consists of 24 vessels with a capacity of up to 5000 m³. 
The operating profile of these vessels consists primarily of voyages between 
discharge wharfs and dredging areas off the coast of England, typically in cycles 
lasting between 6 and 24 hours (Hasselaar & Evans 2010). There are two forms of 
marine aggregate dredging, static hopper dredging and trailer-suction hopper 
dredging (de Groot 1996). In trailer-suction hopper dredging, a drag head is trailed 
over the seabed whilst a suction pipe removes sediment; leaving drag tracks around 
3 metres wide on the seabed and removing 30-50 centimetres of material each drag. 
In total, the thickness exploited can exceed 6 metres. In contrast, static hopper 
dredging involves anchoring or otherwise positioning a vessel over the resource, and 
extracting materials whilst stationary. This is most effective when working with thick, 
localised reserves and results in a depression with shallow slopes on the seabed. Of 
the two techniques, trailer-suction hopper dredging is the most commonly used (de 
Groot 1996; Posford Haskoning 2002; Metoc 2009). 
 
Between 1998 and 2007, 221 million tonnes of marine sand and gravel were 
extracted from 463 km² of the UK seabed, an area which accounts for less than 1% 
of the total UK seabed (BMAPA 2008). However, the total area of seabed dredged 
over this time frame has been declining. Other industries, including the construction 
of offshore windfarms and dredging for scallops and other shellfish, are likely to have 
similar effects to marine aggregate extraction, but occur over a wider spatial scale. It 
is important to consider both how the potential impacts compare to those from other 
industries and, for the purposes of Environmental Impact Assessments (EIAs), the 
potential cumulative effects across industries. 
 
In order to carry out commercial dredging activities dredging companies must obtain 
both a licence from The Crown Estate and a permission from the regulator. Dredging 
applications to the regulator require an Environmental Impact Assessment, and a 
dredging permission will only be issued if the proposed extraction activities are not 
considered to result in unacceptable environmental impacts. Many of the existing 
extraction licences are being considered for renewal in the near future, and there are 
also prospecting and application interests for new licence areas within most of the 
regions. 
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The statutory nature conservation agencies are currently in the process of identifying 
and classifying marine Special Protection Areas (SPAs) to meet the UK’s obligations 
under the EU Birds Directive (Directive 2009/147/EC). Two potential SPAs (the 
Liverpool Bay/Bae Lerpwl and Outer Thames Estuary pSPAs) have recently been 
recommended to the UK Government and further sites may follow in the future. 
Confirmation of these sites as SPAs following a public consultation would require 
Appropriate Assessments for new dredging licence applications and review of 
existing consents for existing licences if the proposed extraction activities are likely to 
significantly affect the SPA. Such an assessment would need to be evidence-based 
using all relevant existing information, and it would be the applicant’s responsibility to 
provide sufficient information for the regulator to undertake the assessment. 
 
The marine aggregate industry and their consultants have highlighted the difficulty in 
locating and obtaining appropriate information sources for detailing impacts from 
marine aggregate extraction on seabirds and waterbirds for Environmental Impact 
Assessment purposes.  
 
This review, undertaken as part of the Marine Aggregate Levy Sustainability Fund 
(MALSF) programme of work commissioned by the Marine Environment Protection 
Fund (MEPF), thus aims to provide an overview of current knowledge of these 
potential impacts and has the following main objectives: 
 
1. To systematically review what is known about the effects of marine aggregate 

extraction on seabirds and waterbirds and their supporting habitats and prey. The 
literature review would provide a baseline that would inform and facilitate future EIAs 
and Appropriate Assessments, in particular with respect to new dredging licence 
applications and the review of existing consents in existing and proposed Special 
Protection Areas (SPAs). 

 
2. To assess the sensitivity of seabirds and waterbirds to marine aggregate 

extraction and subsequently to identify species and areas of high ecological 
vulnerability for birds with regards to dredging.  

 
3. To identify any gaps in the understanding of the impacts of aggregate extraction 

on seabirds and waterbirds, and recommend appropriate research to address 
these. 
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2. METHODS 
 
2.1 Literature review 
 
A detailed review of the literature was undertaken in order to identify potential issues 
associated with marine aggregate dredging and their likely impacts on seabirds and 
waterbirds and their supporting habitats and prey.  
 
The MEPF has funded previous projects that have reviewed the effects of marine 
aggregate extraction on other features of the marine ecosystem (e.g. Cooper et al. 
2005; Marine Ecological Surveys Ltd. 2007; Pearce 2008; ABP MER 2007 
http://www.alsf-mepf.org.uk/). These reports, together with similar information from 
peer-reviewed published literature and ‘grey’ literature have been used to inform the 
present review. 
 
In addition to detailed searches undertaken using the Web of Science and Google 
Scholar search engines, ecological research organisations and environmental 
consultancies were thus contacted directly to request relevant reports with which they 
had been involved and to ask whether they knew of further relevant work. These 
included consultancies who had previously undertaken Environmental Impact 
Assessments in relation to applications for extraction licences (Newall et al. 1999, 
2004; MES 2002; Posford Haskoning 2002; MES 2007; Pearce 2008; Metoc 2009; 
ECA & RPS Energy 2010; ECA & EMU Ltd. 2010).  
 
As evidence of direct impacts of marine aggregate dredging was often hard to come 
by, proxies for the effects of aggregate extraction are also considered in this review. 
Such proxies include the disturbance or displacement effects caused by activities 
such as the development of windfarms and shipping, and the effects of sedimentation 
and habitat change associated with dredging for shellfish, navigational dredging and 
drilling for fossil fuels. 
 
The species considered in the review include both seabirds and waterbirds (see 
below). The term waterbird typically encompasses waders, wildfowl, divers, grebes, 
rails, cormorants and herons (Calbrade et al. 2010). The term seabird typically refers 
to auks, skuas, shearwaters, petrels, terns and gulls. For the purposes of this review, 
we use the term seabird to refer to all these species as well as cormorants, divers, 
grebes and seaduck (Eider Somateria mollissima, scoters and Long-tailed Duck 
Clangula hyemalis), species which are typically associated with the marine 
environment. 
 
2.2 Assessing species and areas of high vulnerability to marine aggregate 

extraction 
 
The potential vulnerability of different species to the effects of marine aggregate 
dredging in UK offshore waters has been assessed through consideration of their 
sensitivity and exposure to different effects. The list of species considered was 
identified through an initial evaluation of the overlap of the distributions and foraging 
ranges of species that are classified as features of UK Special Protection Areas 
(SPAs) with marine aggregate dredging areas and their associated shipping 
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channels – see section on exposure below. Data on the features of SPAs are taken 
from the SPA Review (Stroud et al. 2001). 
 
The principal effects considered follow the results of the review and encompass: i. 
the direct effects of disturbance associated with dredging operations; ii. the increased 
turbidity associated with dredging operations; iii. the direct effects associated with 
shipping; iv. the indirect effects of impacts on benthic and fish communities; and v. 
the indirect effects of sedimentation. 
 
2.2.1 Sensitivity 
 
The assessment of species’ sensitivities to the effects of marine aggregate dredging 
draws qualitatively upon the results of the literature review and also previous 
vulnerability indices developed for birds in the marine environment (Camphuysen 
1989; Williams et al. 1994; Furness & Tasker 2000; Garthe & Hüppop 2004; King et 
al. 2009). These previous assessments have looked at the vulnerability of seabirds to 
the effects associated with activities such as fishing and the development of 
windfarms and have consider aspects such as birds’ flexibility in diet and habitat use. 
 
Sensitivities are scored on a five point scale: 1 – very low; 2 – low; 3 – medium; 4 – 
high; 5 – very high. 
 
Scores for species’ sensitivities to the direct effects of disturbance associated with 
dredging operations and the direct effects associated with shipping follow those 
provided in relation to disturbance by Garthe & Hüppop (2004) and King et al. (2009). 
 
Species’ sensitivities to the direct effects of increased turbidity associated with 
dredging operations were assessed by qualitatively scoring the extent that species 
rely on vision when foraging using the results of the literature review. 
 
Scores for species’ sensitivities to the indirect effects of impacts to benthic and fish 
communities are based on the scores provided by Furness and Tasker (2000) on the 
limitations of their foraging range and ability to switch diet. 
 
Scores for species’ sensitivities to the indirect effects of sedimentation are 
qualitatively scored based on which key prey items are likely to be affected by the 
deposition of re-suspended sediment. 
 
Where scores are not provided for particular species by the sources mentioned, the 
results of the literature review were used to qualitatively assess a score. 
 
2.2.2 Exposure 
 
Both peer-reviewed published and grey literature were reviewed to first establish 
representative foraging range values for species. Greater credence was given to 
studies that have used direct measurements, for example, through the use of GPS or 
other tracking technologies. 
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Using these values, the potential foraging areas of seabirds around the SPAs for 
which they are breeding features were then plotted on GIS. The overlap between 
these areas, and other SPAs designated for their importance for wintering waterbirds 
and seabirds with marine aggregate dredging areas and their associated shipping 
channels to identify an initial suite of 26 species for consideration in this assessment. 
These species include Little Gull, which although not a current feature of any UK 
SPA is being considered as a potential feature within current areas of search 
(Figures 4.19 and 4.29) along the East coast. This initial assessment also drew upon 
data from the Joint Nature Conservation Committee (JNCC)’s European Seabirds at 
Sea (ESAS) database (http://seamap.env.duke.edu/datasets). 
 
For each of these species a map is provided showing the SPAs for which the species 
is a feature, the species potential foraging range around breeding colony SPAs, 
average numbers of birds per km2 recorded per survey visit across the year from the 
ESAS database, and the areas of marine aggregate dredging areas and associated 
shipping (as provided by the MALSF). The data obtained from the ESAS database 
provide an overview of the average distribution of seabirds at sea across the year, 
but do not allow for investigation of seasonal variation and differences in survey effort 
across the year between areas. Such seasonal variation should be considered in 
more detailed assessments of the potential impacts of dredging on bird species 
features of breeding colony or wintering site SPAs.  
 
Appendix 1 provides a summary of the information on species’ foraging ranges and 
the source studies, and also the SPAs that might be exposed to marine aggregate 
dredging. 
 
The exposure of species to each of the five principal effects considered was 
ascertained by determining, using GIS, what proportion of the species’ population 
held by the overall UK SPA suite might potentially forage within the areas concerned. 
In the case of the direct effects of disturbance associated with dredging operations 
and the indirect effects of impacts to benthic and fish communities this area was that 
of the dredging areas themselves. For the effects increased turbidity associated with 
dredging operations and the indirect effects of sedimentation, a wider area around 
the dredging zones was considered. For the direct effects associated with shipping, 
the areas of the associated shipping lanes were considered. 
 
The relative exposure of each species to each of these effects was calculated by first 
considering which SPA populations might be exposed, as indicated by the species’ 
foraging ranges, and then relating the sum of these SPA populations to the overall 
population held by the UK SPA suite. The resultant proportions were scored as 
follows: 1 – none of the UK SPA population potentially exposed; 2 – 1-30% of the UK 
SPA population potentially exposed; 3 – 31-60% of the UK SPA population 
potentially exposed, 4 – 61-90% of the UK SPA population potentially exposed and 5 
– >90% of the UK SPA population potentially exposed. Note, these figures represent 
the maximum possible proportion of the UK SPA population exposed, as they simply 
summarise which particular SPA populations are exposed and not what proportions 
of those populations might use the areas subject to the different effects.  
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It should also be noted that this assessment only considers the potential spatial 
exposure of each species to the effects associated with marine aggregate dredging 
and not the temporal exposure. The importance of the frequency of different effects is 
considered in the discussion. 
 
2.2.3 Vulnerability 
 
Species vulnerabilities to each effect were scored from very low to very high using 
the following matrix. Vulnerabilities were calculated by multiplying each species 
exposure by its sensitivity to each issue. Where species scored between 1 and 4 
their vulnerability was very low, between 5 and 9 their vulnerability was low, between 
10 and 14 their vulnerability was moderate, between 15 and 19 their vulnerability was 
high and at 20 or above their vulnerability was very high (Table 2.1.) 
 
Note that the results of this assessment give a relative indication of the vulnerability 
of each species to each effect. The relative vulnerabilities of species to the effects 
associated with dredging relative as compared to those associated with other marine 
activities are discussed. 
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3. REVIEW OF THE ISSUES ASSOCIATED WITH MARINE AGGREGATE 
DREDGING 

 
The potential impacts of marine aggregate dredging on seabirds are likely to fall in to 
two distinct categories, direct and indirect effects, which may be either positive or 
negative.  
 
Both the dredging operations themselves, and associated shipping activity, might 
potentially affect seabirds, through effects including attraction and disturbance, oiling, 
collisions and increases in water turbidity.  
 
Seabirds may also be indirectly affected by dredging operations through effects on 
their food supplies. 
 
3.1 Attraction and disturbance during dredging operations 
 
Marine aggregate dredging and associated shipping activity (see below), may 
potentially either attract or disturb seabirds. Responses to these activities can be 
highly species-specific. 
 
It is conceivable that dredging activity may, at least initially, attract some seabirds to 
an area. Activities such as prospecting for oil have been shown to attract large 
numbers of seabirds to an area, possibly as a result of an increase in food availability 
as bottom sediments are stirred up by drilling, potentially resulting in an algal bloom, 
attracting species preyed on by seabirds (Tasker et al. 1986; Herron Baird 1990). 
Similar processes may occur during the initial stages of aggregate dredging. In 
addition, some species groups, notably gulls, are attracted by increases in shipping 
activity, especially at the low speeds associated with dredging (Garthe & Hüppop 
1999; Skov & Durinck 2001; Christensen et al. 2003).  
 
In contrast, the frequent flushing caused by shipping movements could lead to a 
displacement of birds away from the area of dredging, and thus an effective loss of 
habitat. 
 
The effect of displacement has been identified as a key issue from the construction of 
offshore windfarms for a number of seabird species including divers and seaduck 
(Kaiser et al. 2002; Exo et al. 2003; Drewitt & Langston 2006; Maclean et al. 2006; 
Masden et al. 2009; Langston 2010), and the disturbance associated with dredging 
activities could have similar effects for the same species groups. Furthermore, 
offshore windfarms may pose a barrier to the movements of seabirds (e.g. migratory 
movements, or between breeding colonies and feeding grounds) and dredging 
activities could present a similar barrier (Desholm & Kalhert 2005). 
 
3.2 Increased turbidity during dredging operations 
 
Vision has been shown to be an important component in the foraging activity of a 
number of seabird species including, Terns, Common Guillemot and Northern 
Gannet (Essink 1999; Garthe et al. 2000; Gaston 2004; Thaxter et al. 2010). As a 
result, water clarity may play an important role in the foraging success of these, and 
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other, species. It is likely, therefore, that the changes to water clarity resulting from 
the re-suspension of sediments during dredging operations would negatively affect 
the foraging capabilities of some species. In the case of the Sandwich Tern, this has 
had a negative impact on populations elsewhere, with declines in the Netherlands 
linked to increases in turbidity (Essink 1999). However, the impact of increases in 
turbidity is likely to be dependent (both in scale and spatial extent) on initial 
background levels. 
 
3.3 Direct effects of associated shipping activity 
 
3.3.1 Attraction and disturbance 
 
The main cause of attraction or disturbance to seabirds as a result of marine 
aggregate dredging is likely to be an increase in the shipping activity, rather than the 
dredging itself. Whilst some groups such as gulls have been shown to be attracted to 
areas with increased shipping activity (Garthe & Hüppop 1999; Skov & Durinck 2001; 
Christensen et al. 2003), many others, including seaduck, divers, shearwaters, 
grebes and terns, have been shown to actively avoid shipping lanes (Kube 1996; 
Mitschke et al. 2001; Kaiser 2004; Borberg et al. 2005). 
 
As a result of frequent flushing by ships using the area, even where there are large 
concentrations of harvestable prey, it is difficult for many species to maintain a 
favourable energy balance within shipping lanes (Kube 1996). Flushing distance can 
vary by both species and flock size. Previous studies suggest that boats can often 
approach to within 100 m of species, such as Red-throated Diver, Black-throated 
Diver, Slavonian Grebe and Common Scoter, before they take flight (summarised 
Ruddock & Whitfield 2008). However, as these studies relate to small, recreational 
craft, the values may not be directly applicable in this case. Studies of Common 
Scoter in Liverpool Bay, suggest that birds can be flushed at distances of up to 2 km 
by large vessels (Kaiser 2004).  
 
3.3.2 Oiling 
 
A wide range of incidents can lead to the leakage of oil from ships, and only a 
minority of these involve tankers (Hampton et al. 2003). Even a small spill can have a 
serious effect on seabird populations, and a continuous exposure to low level inputs 
of oil can have a serious impact on survival, especially during winter (Barrett 1979; 
Wiese & Robertson 2004; Votier et al. 2005). Oiling rates are typically highest in 
species which spend a great deal of time swimming and in areas with frequent oil 
spills, for example around shipping lanes (Camphuysen 1998). It has been estimated 
that up to 50% of the Guillemots washed up on North Sea beaches have been oiled, 
although evidence suggests that oil pollution in is declining in the region 
(Camphuysen 1998; Heslenfeld & Enserink 2008). It is possible that marine 
aggregate dredging may contribute to oil pollution both in the dredging zones 
themselves, and at a wider scale in shipping lanes as a result of transport of material 
between these zones and ports.  
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3.3.3 Collisions 
 
Studies investigating interactions between seabirds and vessels or structures at sea 
have tended to focus on fisheries by-catch and collision risk modelling at wind farms. 
Very few studies have directly investigated collisions between seabirds and ships, 
and collision risks are thought to be very low. However, reports from the northeast of 
England found that of 3748 birds that washed up on the shore, 3.0 % were known to 
have collided with wind turbines and an additional 3.4 % showed evidence of having 
collided with other structures, likely to include ships (Newton & Little 2009). This 
suggests that though the magnitude of the problem of collisions between ships and 
seabirds remains unknown, the issue may not be insignificant. Mortality may be sex-
biased, for example, with male terns more prone to collision with offshore wind 
turbines, than females as a result of differences in foraging frequency, with males 
foraging more during incubation and early chick feeding (Stienen et al. 2008).  
 
A number of species have been shown to alter both their flight patterns and their 
foraging ranges in response to the development of offshore wind farms (i.e. Kaiser 
2002; Desholm & Kahlert 2005), often only straying into the affected areas at night. It 
may be logical therefore to conclude that birds are adept at avoiding possible 
collisions during the day, but may be more at risk during the night. This hypothesis is 
borne out by reports of 900 seabirds of a variety of species colliding with a vessel in 
the operating in the Southern Ocean at night after becoming disorientated by its 
lights (Black 2005). Whilst more information is necessary in order to quantify the 
avian collision risks associated with shipping, it may be possible to minimise collision 
risk with dredging operations with the careful use of lights at night. 
 
3.4 Indirect effects on benthic communities and fish in the area of dredging 
 
3.4.1 Impacts on benthic communities 
 
The distributions of diving duck species, such as Eider, have been shown to be 
influenced by the availability of prey in intertidal and marine environments 
(Guillemette & Himmelman 1996; Larsen & Guillemette 2000; Lacroix et al. 2005; 
Kaiser et al. 2006; Zydelis et al. 2006). There is a well established link between the 
impacts to, and loss of communities of shellfish and other invertebrates from intertidal 
areas and declines in avian predators (Atkinson et al. 2003, 2005, 2010; Verhulst et 
al. 2004; van Gils et al. 2006). More recently, a relationship has been demonstrated 
between an intensive mussel fishery and a decline in body condition in the Eider 
(Laursen et al. 2009). These relationships suggest that impacts to benthic 
communities as a result of marine aggregate dredging would likely to have a negative 
impact on some seabird populations, though effects will be dependent on species’ 
preferred prey and the depth of water at which dredging occurs. 
 
The impacts of shellfish dredging on benthic communities have been widely studied 
(Eletheriou & Robertson 1992; Kaiser et al. 1998; Bradshaw et al. 2001; Chicharo et 
al. 2002; Cooper et al. 2007; De Juan et al. 2007). The impacts are typically 
dependent on the length, scale and intensity of the dredging operation.  
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Physical damage to the seabed from aggregate dredging typically includes the 
removal of substrata and alteration to the bottom topography, often manifested by the 
creation of a series of well defined furrows (Kenny & Rees 1994; de Groot 1996; 
Boyd et al. 2004; Robinson et al. 2005). Whilst this damage is not immediately 
apparent in the years following the dredging activity, it can be readily identified using 
sonar (Kenny & Rees 1996; Cooper et al. 2005a). The time the seabed takes to 
recover from this damage is dependent on depth of material dredged. Research by 
ABP Marine Environmental Research (2007) suggests that where marine aggregate 
dredging removes 1 metre or less of the seabed recovery can take place within a 
year. However, when the top 4 metres are removed from the seabed, recovery can 
take over 5 years.  
 
The species composition of an area is often dramatically altered as a result of marine 
aggregate dredging activity (Kenny & Rees 1994; Kenny & Rees 1996; Boyd & Rees 
2003; Boyd et al. 2004; Smith et al. 2006). Estimates suggest that anywhere from 50-
90 % of the benthic fauna are likely to be affected (MES 2002). Successive studies 
have shown that the recovery rates of benthic communities from marine aggregate 
dredging in different areas are not directly comparable (Boyd et al. 2003; Boyd et al. 
2004; Cooper et al. 2005b; Robinson et al. 2005; Foden et al. 2009). Foden et al. 
(2009) highlight the importance of environmental characteristics, including sediment 
type and hydrodynamics, on the recovery rates of benthic communities. Estuarine 
areas, like the Severn, are able to recover from the impacts of marine aggregate 
dredging far more quickly than others as they are characterized by shallow waters 
with highly mobile sediments and strong tidal stress. Marine aggregate dredging 
intensity also influences the recovery rate of benthic communities, with sites exposed 
to low intensity dredging revering at a significantly faster rate than those exposed to 
high intensity dredging (Dernie et al. 2003; Cooper et al. 2005a, b). The deposition of 
sediment from plumes created during dredging operations is likely to further inhibit 
the recovery of benthic communities (van Dalfsen et al. 2000; Posford Haskoning 
2002; Robinson et al. 2005; ABP Marine Environmental Research 2007; Cooper et 
al. 2007). 
 
Whilst species richness may return to pre-dredging levels within two years, total 
biomass can take far longer to recover (Kenny & Rees 1996; Desprez 2000; Newall 
et al. 2004; Cooper et al. 2005b). Typically, in the periods immediately following 
marine aggregate dredging there is a dramatic reduction in the abundance of a wide 
range of organisms, in particular molluscs and other sessile species (Kenny & Rees 
1994), which form an important component of diet for many seaduck.  
 
Some areas may also experience an invasion of mobile predators and scavengers, 
for example the starfish Asterias rubens, and the hermit crab Pagurus bernhardus 
(Kaiser & Spencer 1994; Morton 1996; Ramsay et al. 1998; Veale et al. 2000) in 
response to the disturbance uncovering new food sources. However, this is usually a 
short-term phenomenon. In the longer term, community recovery is more dependent 
on the recruitment of the larval and juvenile forms of marine invertebrates than on the 
recruitment of adults (Santos & Simon 1980; Whitlatch et al. 1998). This may be 
assisted by the removal of adult organisms, which prey on larvae and compete for 
space with them, from dredged areas (Osman & Whitlatch 1995; 2004; Navarette & 
Wieters 2000). Evidence of this can be seen with the increases in the populations of 
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the scallops Aequipecten opercularis and Pecten maximus in some dredging areas 
(ECA & Emu Ltd. 2010). 
 
A key factor in shaping biological communities in the marine environment is larval 
availability (Pawlik 1992; Miron et al. 1995; Wu & Shin 1997; Marine Ecological 
Surveys Ltd. 2007). Consequently, any activity that influences the settlement of 
larvae is likely to have a profound effect on the recovery of communities following 
dredging. 
 
The settlement of many benthic species may be influenced by chemical cues from 
conspecifics, prey species or biofilms (Rodriguez et al. 1993; Qian 1999). The 
removal of these organisms during the dredging process is therefore likely to inhibit 
the settlement of larvae within the dredging zone through the removal of substrates. 
Marine aggregate dredging is likely to further impact on larval settlement. Many 
species, especially bivalves and gastropods are dependent on the hard substrates 
removed by dredging to provide anchor points (Sundberg & Kennedy 1993; Wu & 
Shin 1997; Posford Haskoning 2002).  
 
3.4.2 Effects on fish species 
 
As a result of increases in noise and turbidity, many finfish largely avoid marine 
aggregate dredging areas, although some species may be attracted by the prey 
species associated with dredging tracks (Desprez 2000; Posford Haskoning 2002; 
Sutton & Boyd 2009; Slabbekoorn et al. 2010). Reduced food availability may also 
play a role in restricting the distribution of fish within dredging areas. Analysis of 
stomach contents shows that the benthic invertebrates, in particular crustaceans, 
which are removed and inhibited by the dredging process are a key part of diet for 
many species (Pearce 2008). 
 
The changes to the seabed that occur during dredging operations may also affect 
fish species and thus birds, though it should be noted that there is a statutory 
requirement to avoid marine aggregate dredging in areas where there would be a 
significant impact on nursery or spawning grounds. The distributions of Sandeel, key 
prey species for many seabirds, are closely linked to seabed substrate (van der Kooij 
et al. 2008) and these species are thus likely to be affected by any changes to the 
seabed substrate brought about by marine aggregate dredging. The coarse and 
medium sand habitats preferred by sandeel may be replaced by the fine, silty 
sediments which they actively avoid (Wright et al. 2000; Holland et al. 2005). 
Furthermore, evidence from studies of shellfish dredging in the Netherlands suggests 
that large populations of sandeel buried in the sediment can be destroyed as a result 
of dredging activities (Eleftheriou & Robertson 1992).  
 
Other important prey species likely to be affected include herring. Spawning can be 
severely depressed within some marine aggregate dredging areas (Posford 
Haskoning 2002; ECA & RPS energy 2010). This is likely to be the result of a number 
of interacting factors. Firstly, much of the hard ground, which is preferred for 
spawning, is removed by the dredging process (Kaaria et al. 1997). Secondly, the 
sediment plumes generated during dredging can smother the eggs of bottom 
spawning fish, like the herring, when they are re-deposited on the seabed (de Groot 



   

 16 

1996). Finally, herring may be more sensitive to the noise generated by marine 
aggregate dredging than other prey species (Thomsen et al. 2009). It is thought that 
sound may play a role in guiding herring to their spawning sites (de Groot 1980), 
therefore, the extra noise generated during marine aggregate dredging, which can be 
transmitted over several kilometres (Thomsen et al. 2009), may interfere with this 
process. However, work is currently being undertaken to compare the noise 
generated during marine aggregate dredging to background noise levels, in order to 
better understand the impacts of this noise on marine life (http://www.alsf-
mepf.org.uk/projects/2009/09p108.aspx).  
 
3.5 Sedimentation 
 
As dredged material is extracted, displaced water flows back into the sea, forming a 
turbid plume (de Groot 1996; Dearnaley et al. 2009). In addition, during the screening 
process, when unwanted material is rejected, a proportion of the finer aggregate is 
also returned to the water column (Metoc 2009). Through these processes, it is 
estimated that up to 10% of dredged material may be returned to the water column 
(Posford Haskoning 2002; Dearnaley et al. 2009). The resultant plumes may extend 
up to 10 km, but the initial effects are likely to be short lived, determined by tidal 
currents, and occur infrequently (Posford Haskoning 2002). It should also be noted 
that in the areas where dredging occurs, sediment is also typically subject to some 
degree of natural mobility, with sand bedforms moving across the seabed. Effects on 
invertebrate and fish species within the dredging area are likely to be the result of 
changes to light attenuation or water quality and the deposition of the re-suspended 
sediment. 
 
The direct impacts of a reduction in light attenuation are likely to be limited to 
localised changes to phytoplankton populations (Posford Haskoning 2002). However, 
this in turn can have knock-on effects elsewhere within the marine foodweb. The 
phytoplankton forms an important part of the diet of the larval stages of many fish 
species, including herring, which are widely preyed upon by seabirds (Chesney 1989; 
Fiksen et al. 1998).  
 
The re-suspension of sediments from the seabed resulting from marine aggregate 
dredging can potentially have both negative and positive effects on benthic 
communities. Increased sedimentation can have a negative effect on populations of 
suspension feeding bivalves by interfering with feeding and respiratory organs (Ellis 
et al. 2002; Posford Haskoning 2002). It can also have a negative impact on the 
larvae and eggs of fish species, including herring (Auld & Schubel 1978). Increased 
concentrations of sediment can lead to an increase in the density of fish eggs 
causing them to sink further in water column and increasing the risk of oxygen 
deficiency (Bio/consult 2002). The increases also cause a decrease in the foraging 
efficiency of fish larvae and can cause damage to gills, resulting in suffocation (de 
Groot 1980; Johnston & Wildish 1982; Bio/consult 2002; Posford Haskoning 2002). 
However, it is likely that the rise in concentration of suspended sediment as a result 
of dredging will be short-lived. It is also noted that suspended sediment 
concentrations are likely to rise as a result of storms. The relative frequency of 
storms within the region makes it likely that some species will be tolerant of the 
increases associated with aggregate dredging.  
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There is also evidence to suggest that this increase in suspended sediment may be 
beneficial to some filter feeders. Benthic detritus, bacteria and phytoplankton are all 
likely to settle within the sediment on the seabed. As this sediment is re-suspended 
by the dredging process, this organic material is likely to be brought with it, where it 
can remain within the water column, available to filter feeders for hours or even days 
(Grant et al. 1997). This re-suspended sediment may be further organically enriched 
with fragments of other benthic organisms fractured by the dredging process (Newell 
et al. 1999; Posford Haskoning 2002). 
 
Marine organisms will be further affected by the re-deposition of sediment from 
plumes. This will affect organisms both within and also well outside dredging areas. 
The response of marine invertebrates to burial can be highly variable. Whilst some 
species are able to escape from, or even tolerate, burial by sediment deposition, 
others are unable to tolerate even shallow burial (Chandrasekara & Frid 1998; 
Posford Haskoning 2002; Powilleit et al. 2009). This may have a severe impact on 
the abundance of some fish species which rely on marine invertebrates as prey. 
Bottom spawning fish, like herring, may be further impacted as their eggs, including 
those laid outside the dredging area, are smothered (de Groot 1996).  
 
3.6 Pollution 
 
As seabirds are typically top predators in the marine ecosystem, they are likely to 
accumulate toxins in their systems from organisms lower in the food chain. Mercury 
and organo-halogens have been cited as being of particular note (Heslenfeld & 
Enserink 2008). These toxins can have a range of effects on the birds, including 
direct effects on the mortality and survival of adults, but also effects on egg 
hatchability and chick survival (Fry 1995). 
 
Dredging operations can potentially release toxins into the marine environment 
(Pieters et al. 2002; Su et al. 2002; Nayar et al. 2004; Sundberg et al. 2007). 
Dredging operations at Zeebrugge led to elevated arsenic and zinc in the 
surrounding water (Pieters et al. 2002), and in Singapore they led to the re-
suspension of particulate matter in the water column, with elevated levels of lead, 
copper and nickel recorded in phytoplankton (Nayar et al. 2004). Whilst these results 
relate to the maintenance dredging of ports and harbours, they may be worth 
considering in relation to aggregate dredging in polluted areas.  
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4. SPECIES SENSITIVITY, EXPOSURE AND VULNERABILITY TO THE 
ISSUES ASSOCIATED WITH MARINE AGGREGATE DREDGING 

 
Species sensitivity, exposure and vulnerability were considered in relation to the five 
principal effects identified by the review:  
 
i.  The direct effects of disturbance associated with dredging operations; 
ii.  The increased turbidity associated with dredging operations;  
iii.  The direct effects associated with shipping;  
iv.  The indirect effects of impacts on benthic and fish communities; 
v. The indirect effects of sedimentation. 
 
Note, the effect of pollution from the release of toxins into the marine environment is 
considered to be of negligible significance. 
 
4.1 Species sensitivity and exposure 

 
4.1.1 Eider Somateria mollissima (Figure 4.1) 
 
Sensitivity to effects 
 
The Eider is a diving species that specialises in foraging on shellfish, notably 
mussels (Guillemette & Himmelman 1996; Larsen & Guillemette 2000). 
 
Eider are likely to show a negative sensitivity to the direct effects of dredging 
operations, both in terms of disturbance and the increased turbidity during dredging 
operations. They are also likely to show a negative sensitivity to the direct effects of 
associated shipping activity in the areas surrounding dredging zones, both 
disturbance and also a potential exposure to oil (Camphuysen 1989; Williams et al. 
1994; Garthe & Hüppop 2004; King et al. 2009). 
 
Eider may also be sensitive to the indirect effects of impacts to benthic communities 
and the deposition of re-suspended sediment which may have a detrimental impact 
on many of their prey species (Chandrasekara & Frid 1998; Posford Haskoning 2002; 
Powilleit et al. 2009). As Eider are often unable to switch to foraging in alternative 
habitats (Garthe & Hüppop 2004; King et al. 2009) and a reduction in food availability 
has been linked to major mortality (Camphuysen et al. 2002), such deposition could 
have a negative effect on Eider distribution.  
 
Exposure 
 
Outside the breeding season, the Eider is a feature of eight UK SPAs (Stroud et al. 
2001). However, birds from only three of these are likely to come into contact with 
marine aggregate dredging operations, these sites being the Firth of Forth (7 887 
individuals), Lindisfarne (1 568 individuals) and Morecambe Bay (6 400 individuals).  
  
Eider typically feed within 1 km of the shore, in water up to 12 m deep (Larsen & 
Guillemette 2000; Merke & Mosbech 2008). As a result, birds within the Lindisfarne 
SPA are unlikely to be exposed to either the direct or indirect effects of dredging 
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operations or associated shipping. At Morecambe Bay SPA, the daily movements of 
Eider may expose them to the shipping associated with dredging operations, whilst 
they may be more directly exposed to operations within the Firth of Forth SPA. 
 
4.1.2 Long-tailed Duck Clangula hyemalis (Figure 4.2) 
 
Sensitivity to effects 
 
The Long-tailed Duck is a diving species and an opportunistic, generalist forager, 
capable of a degree of ecological plasticity when selecting a winter habitat (Bustnes 
& Systad 2001; Zydelis & Ruskyte 2005; Ross & Luckenbach 2009). Polychaetes 
and amphipods make up an important component of their diet; however, many may 
switch to spawning fish in the late winter (Jamieson et al. 2001; Ross & Luckenbach 
2009). 
 
The large range of prey species exploited, and the wide range of habitats exploited, 
would suggest that Long-tailed Duck would be less sensitive to the local direct effects 
of aggregate dredging. However, the species is highly sensitive to increases in oil 
pollution (Camphuysen 1989; Williams et al. 1994). The Long-tailed Duck’s small 
body size gives them little flexibility in adjusting their energy budgets (Goudie & 
Ankey 1986), so the species may also show more sensitivity to indirect effects such 
as the deposition of sediment from plumes, which can affect prey species at a wider 
spatial scale.  
 
Exposure 
 
Outside the breeding season, the Long-tailed Duck is a feature of three UK SPAs 
(Stroud et al. 2001): the Firth of Forth (716 individuals), the Firth of Tay & Eden 
Estuary (560 individuals), and the Moray & Nairn Coast (277 individuals).  
 
Long-tailed Ducks are proficient divers, capable of foraging in fast currents (Holm & 
Burger 2002). They have been observed feeding at depths of up to 20 m, up to 70 
km from the nearest shore (White et al. 2009). Despite these wide foraging ranges, 
only birds within the Firth of Forth SPA are likely to be exposed to dredging 
operations. 
 
4.1.3 Common Scoter Melanitta nigra (Figure 4.3) 
 
Sensitivity to effects 
 
The Common Scoter is a diving species that specialises in foraging on shellfish, 
notably bivalves (Kaiser et al. 2006).  
 
The species is likely to show a negative sensitivity to both the direct effects of 
dredging operations and associated shipping activity. The species is notably 
sensitive to disturbance, often flushed at distances in excess of 1 km from large 
vessels (Garthe & Hüppop 2004; Kaiser et al. 2006; King et al. 2009). The species is 
also highly sensitive to oil pollution (Camphuysen 1989; Williams et al. 1994; Banks 
et al. 2008). 
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Common Scoter are inflexible in their habitat use (Garthe & Hüppop 2004; King et al. 
2009) and are thus also likely to be sensitive to indirect effects, notably any loss of 
prey both within the dredging zone itself as a direct effect of dredging operations, and 
also through the deposition of sediment generated during dredging.  
 
Exposure 
 
Common Scoter are features of two UK SPAs during the breeding season: Caithness 
& Sutherland Peatlands (27 females), and the Rinns of Islay (10 females) (Stroud et 
al. 2001). Neither of these SPAs are likely to be affected by marine aggregate 
dredging. Outside the breeding season, Common Scoter are a feature of six further 
UK SPAs (Stroud et al. 2001), birds from four of which might be exposed to dredging 
operations, these being the Firth of Forth (2 653 individuals), Lindisfarne (654 
individuals), North Norfolk Coast (2 909 individuals) and the Ribble & Alt Estuaries 
(582 individuals). In addition, birds using the Liverpool Bay/Bae Lerpwl pSPA are 
also likely to come into contact with dredging operations.  
 
Common Scoter typically feed in water that is 7 to 18 m deep, usually within 10 km of 
the shore (Seys et al. 2001; Kaiser et al. 2006). These locations are likely to expose 
them to dredging operations. As a result, birds within the Firth of Forth SPA, Ribble 
and Alt Estuaries SPA and Liverpool Bay/Bae Lerpwl pSPA are likely to be exposed 
to both the direct and indirect effects of dredging operations as well as associated 
shipping. In the North Norfolk Coast SPA, birds are unlikely to be directly affected by 
dredging operations, but be exposed to some disturbance from shipping traffic.  
 
4.1.4 Velvet Scoter Melanitta fusca (Figure 4.4) 
 
Sensitivity to effects 
 
Like the Common Scoter, the Velvet Scoter is a diving species that specialises in 
foraging on shellfish and crustaceans, notably sea urchins, crabs and bivalves 
(Byrkjedal et al. 1997). 
 
The species is likely to show a negative sensitivity to both the direct effects of 
dredging operations and associated shipping activity. The species is also likely to be 
highly sensitive to the disturbance caused by shipping and is generally inflexible in its 
habitat use (Garthe & Hüppop 2004; King et al. 2009). Velvet Scoters also sensitive 
to oil pollution (Camphuysen 1989; Williams et al. 1994).  
 
Their inflexibility in habitat use (Garthe & Hüppop 2004; King et al. 2009) means that 
Velvet Scoter will also be sensitive to aspects of marine aggregate dredging that 
affect the distribution of their prey. 
 
Exposure 
 
Velvet Scoters are features of four UK SPAs: the Firth of Forth (356 individuals), the 
Firth of Tay & Eden Estuary (256 individuals), Moray & Nairn Coast (133 individuals) 
and the North Norfolk Coast (78 individuals) (Stroud et al. 2001).  
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Velvet Scoter utilise similar foraging habitats to Common Scoter, feeding within 10 
km of the coast (Seys et al. 2001). Consequently, birds are likely to come into direct 
contact with dredging operations within the Firth of Forth SPA and be exposed to the 
resultant disturbance associated with dredging and shipping and indirect effects on 
food availability. In the North Norfolk Coast SPA, birds are unlikely to be directly 
affected by dredging operations, but be exposed to some disturbance from shipping 
traffic. 
 
4.1.5 Red-throated Diver Gavia stellata (Figure 4.5) 
 
Sensitivity to effects 
 
The Red-throated Diver is a diving species that specialises in foraging on fish. 
 
The species is likely to show a negative sensitivity to both the direct effects of 
dredging operations and associated shipping activity. Red-throated Divers are 
notably highly sensitive to the disturbance associated with shipping traffic (Kube 
1996, Garthe & Hüppop 2004; King et al. 2009). Consequently, they are likely to 
avoid areas in which dredging is taking place, and also associated shipping activity. 
Red-throated Divers are additionally highly vulnerable to the effects of oil pollution 
(Camphuysen 1989; Williams et al. 1994). However, this sensitivity may be offset by 
their tendency to avoid areas with heavy shipping (Kube 1996). 
 
Herring are key prey species for the Red-throated Diver (Guse et al. 2009). The 
species may thus also be sensitive to aspects of dredging activity that negatively 
impact on herring populations, such as increases in sediment deposition. 
 
Exposure 
 
Wintering Red-throated divers are currently only a feature of the Firth of Forth SPA, 
which hosts an estimated 88 individuals (Stroud et al. 2001). However, recent 
surveys have helped to improve estimation of the national population (O’Brien et al. 
2008) and identify other important sites for the species. As a result an additional two 
potential SPAs have been proposed for this species: Liverpool Bay/Bae Lerpwl and 
the Outer Thames Estuary (Natural England 2009a, b). 
 
Marine aggregate dredging zones exist within both the existing and potential SPAs. 
Consequently, they are extremely likely to be exposed to the disturbance caused by 
the aggregate extraction itself and the associated increase in shipping activity, as 
well as any resultant increase in oil pollution.  
 
Red-throated Divers may also be exposed to a decrease in local prey activity 
resulting from the widespread effects of sediment deposition on key species such as 
herring. 
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4.1.6 Manx Shearwater Puffinus puffinus (Figure 4.6) 
 
Sensitivity to effects 
 
The Manx Shearwater feeds on small fish (particularly herring, sprat and sardines), 
crustaceans and cephalopods, at or just below the water’s surface.  
 
Manx Shearwater travel long distances, up to 330 km, to feed in areas of high 
production, for example around sea fronts (Begg & Reid 1997; Gray & Hamer 2001; 
Baudini & Hyrenbach 2003; Guildford et al. 2008). They often feed over deep water, 
well exceeding the maximum depth achievable during marine aggregate dredging 
(Stone et al. 1995; Gray & Hamer 2001). As a result, marine aggregate dredging is 
unlikely to have an impact on Manx Shearwaters either in terms of disturbance, or by 
affecting their food supply. However, the long foraging trips do mean that they are at 
a moderate risk from oil pollution (Camphuysen 1989; Williams et al. 1994).  
 
Exposure 
 
Breeding Manx Shearwaters are a feature of four UK SPAs: Rum, St. Kilda, Skomer 
& Skokholm and Glannau Aberdaron & Ynys Enlli/Aberdaron Coast & Bardsey Island 
(Stroud et al. 2001). Of these, only birds from the Skomer & Skokholm SPA (150 968 
pairs), and the Glannau Aberdaron & Ynys Enlli/Aberdaron Coast & Bardsey Island 
SPA (6 930 pairs), might be exposed to the potential effects of marine aggregate 
dredging. 
 
4.1.7 European Storm-petrel Hydrobates pelagicus (Figure 4.7) 
 
Sensitivity to effects 
 
The European Storm Petrel feeds on planktonic food items from the ocean surface. 
 
European Storm-petrels forage over wide areas on a large variety of prey (D’Elbee & 
Hemery 1997; Garthe & Hüppop 2004; King et al. 2009), typically over water with 
depths exceeding 100 m (Stone et al. 1995). Consequently, they are unlikely to be 
negatively affected by impacts on prey species as a result of dredging activity. 
However, as they may forage on inshore areas at night, they may be at increased 
risk of collision with dredging vessels.  
 
As a result of the wide foraging areas used by European Storm Petrels, they are at a 
moderate risk from oil pollution (Camphuysen 1989; Williams et al. 1994). 
 
Exposure 
 
Breeding European Storm Petrels are a feature of nine UK SPAs (Stroud et al. 2001). 
Furness & Tasker (2000) indicate that the foraging range of European Storm Petrels 
is restricted to the 50 km surrounding their breeding colonies. Consequently, only 
birds from the Isles of Scilly (5 406 pairs) and Skomer & Skokholm (3 500 pairs) are 
likely to be exposed to marine aggregate dredging.  
 



   

 24 

4.1.8 Northern Gannet Morus bassanus (Figure 4.8) 
 
Sensitivity to effects 
 
The Gannet is a visual-foraging diving species that exploits a wide variety of prey 
including herring, mackerel and sandeel, and can switch between these with limited 
impacts on breeding success (Martin 1989; Furness & Tasker 2000; Hamer et al. 
2000).  
 
Fidelity to foraging areas varies both on an annual basis and on a colony by colony 
basis (Hamer et al. 2001, 2007). In addition, their ability to forage widely (Furness & 
Tasker 2000; Hamer et al. 2000; Gremillet et al. 2006; Garthe et al 2007) means that 
Gannets are likely to show limited sensitivity to prey population changes that result 
from dredging activity.  
 
This flexibility also means that Gannets are likely to show limited sensitivity to the 
direct effects of dredging operations such as disturbance (Garthe & Hüppop 2004; 
King et al. 2009). As they do not forage at night (Garthe et al. 1999) they are also at 
little risk of collision. They are, however, highly sensitive to oil pollution (Camphuysen 
1989; Williams et al. 1994). 
 
Exposure 
 
Breeding Gannets are a feature of 10 SPAs in the UK (Stroud et al. 2001). However, 
only birds in the Firth of Forth Islands (34 400 pairs), Flamborough Head & Bempton 
Cliffs (2 501 pairs) and Grassholm (33 000 pairs), are likely to be exposed to the 
effects of marine aggregate dredging. Furness & Tasker (2000) indicate that foraging 
distances are likely to exceed 50 km and a review of the relevant literature reveals 
the figure is likely to be far higher. Foraging distances can be highly colony specific in 
response to factors such as predictability of local prey availability (Hamer et al. 2000; 
Gremillet et al. 2006; Garthe et al. 2007). However, in the UK a foraging distance of 
around 223 km (from Hamer et al. 2000) is likely to be a representative maximum. 
 
Birds from the Firth of Forth Islands SPA are only likely to be exposed to marine 
aggregate dredging operations in the Firth of Forth itself, although, even this 
exposure is likely to be minimal given the species extensive foraging range. Birds 
from the Flamborough Head & Bempton Cliffs SPA may be more exposed to the 
direct and indirect effects of marine aggregate dredging and associated shipping with 
a foraging range that potentially includes the East Coast and the Thames Estuary 
dredging regions. Birds from the Grassholm SPA are likely to be similarly exposed to 
dredging within the South West and North West regions.  
 
4.1.9 Great Cormorant Phalacrocorax carbo (Figures 4.9 & 4.10)  
 
Sensitivity to effects 
 
Cormorant feed on fish and shellfish and have been observed foraging at depths of 
up to 18 m (Gremillet et al. 2005; Roycroft et al. 2004). They are not, as commonly 
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believed, pursuit feeders (White et al. 2007) so may be less sensitive to changes to 
turbidity in comparison to other diving species.  
 
Cormorants may be particularly sensitive to the direct effects of dredging activities 
and associated shipping. They are very sensitive to both disturbance and oil pollution 
(Camphuysen 1989; Williams et al. 1994) and this sensitivity may be compounded by 
a relative inflexibility in habitat use due to their short foraging range (Furness & 
Tasker 2000; Garthe & Hüppop 2004; King et al. 2009). 
 
Exposure – breeding season  

 
Cormorants are features of seven UK SPAs during the breeding season (Stroud et al. 
2001). A review of the literature suggests that while Cormorants may forage at 
distances of up to 35 km from colonies that can be reached, shorter ranges are much 
more typical, and a range of 20 km is taken as representative for the purposes of this 
review (Platteeuw et al. 1995; Gremillet 1997; Furness & Tasker 2000).  
 
Birds from only four of the seven SPAs for which breeding Cormorant are a feature 
are likely to be exposed to dredging operations, Abberton Reservoir (490 pairs), the 
Farne Islands (194 pairs), the Firth of Forth Islands (240 pairs) and Puffin Island (776 
pairs).  
 
Birds from Abberton Reservoir may potentially feed both inland and offshore where 
they might be exposed to shipping activity. The location of the Farne Islands and 
foraging range of the Cormorant also make it likely that exposure will be minimised at 
this colony. Birds from the Firth of Forth Islands SPA may potentially be exposed to 
both direct and indirect effects from dredging and associated shipping activity, whilst 
birds from the Puffin Island SPA are only likely to be exposed to the effects 
associated with shipping within the North West dredging area. 
 
Exposure – non-breeding season 
 
Cormorants are features of seven UK SPAs during the breeding season and 32 
SPAs in the non-breeding season (Stroud et al. 2001). Birds from 24 of these may 
potentially be exposed to the effects of marine aggregate dredging. Of these, only 
birds in Chichester and Langstone Harbours SPA, which hosts 155 pairs, are likely to 
be exposed to the direct effects associated with dredging activities or associated 
indirect effects of changes in prey availability. Birds from the remaining SPAs are 
only likely to be exposed to the effects of shipping activity associated with marine 
aggregate dredging.  
 
4.1.10 Shag Phalacrocorax aristotelis (Figure 4.11) 
 
Sensitivity to effects 
 
Shag feed on fish and shellfish and occupy two distinct foraging habitats, rocky 
sediments and sandy sediments (Wanless et al. 1998; Watanuki et al. 2008). They 
may be attracted to areas with large shellfish concentrations (Roycroft et al. 2004). 
Over rocky sediments, they forage at a wide range of depths, feeding on bottom 
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living fish and shellfish whilst over sandy sediments they are more restricted in their 
range, tending to probe the sand for species such as sandeel (Watanuki et al. 2008).  
 
As with the closely related Great Cormorant, the Shag is likely to be particularly 
sensitive to the direct effects of dredging activities and associated shipping. The 
Shag is also highly susceptible to oil pollution (Camphuysen 1989; Williams et al. 
1994; Garthe & Hüppop 2004; King et al. 2009). 
 
Exposure 
 
Breeding Shags are a feature of 13 UK SPAs (Stroud et al. 2001). However, birds 
from only three of these are likely to be exposed to marine aggregate dredging, the 
Isles of Scilly (1 108 pairs), St Abb’s Head to Fast Castle (651 pairs) and the Firth of 
Forth Islands (2 887 pairs). 
 
Estimates from the literature indicate that foraging ranges for the Shag are likely to 
be restricted to the 10 km surrounding colonies (Wanless et al. 1991, 1998; Furness 
& Tasker 2000). As a result, of the four colonies concerned, only birds within the Firth 
of Forth SPA are likely to be exposed to the direct effects associated with dredging 
activities or associated indirect effects of changes in prey availability. Birds from the 
Isles of Scilly SPA are only likely to be exposed to the effects of shipping activity 
associated with marine aggregate dredging. Birds within the St Abb’s Head to Fast 
Castle SPA may be exposed to the indirect effects of changes in prey availability in 
part of their foraging range. 
 
4.1.11 Slavonian Grebe Podiceps auritus (Figure 4.12) 
 
Sensitivity to effects 
 
The Slavonian Grebe feeds on small fish in generally shallow water. 
 
The species can be sensitive to shipping activity (Ruddock & Whitfield 2008) and is 
thus likely to be also sensitive to the disturbance associated with dredging 
operations. Slavonian Grebes are also sensitive to oil pollution (Camphuysen 1989; 
Williams et al. 1994), 
 
Slavonian Grebes are further likely to be sensitive to the increases in turbidity that 
occur during dredging operations and the indirect effects of the deposition of re-
suspended sediments which could potentially negatively impact on their food supply. 
 
Exposure 
 
There were no data available from the European seabirds at sea database for the 
Slavonian Grebe. Slavonian Grebes are features of six SPAs during the breeding 
season, one SPA during spring passage and two SPAs during winter (Stroud et al. 
2001). Birds from the former sites, which are all in north Scotland, are unlikely to be 
exposed to marine aggregate dredging activity during the spring and summer. 
However, wintering populations from the Firth of Forth SPA (71 individuals) and Exe 



   

 27 

Estuary SPA (20 individuals), might be exposed to marine aggregate dredging 
activity.  
 
Slavonian Grebes typically feed within 10 km of the shore (Seys et al. 2001), typically 
foraging for small fish in shallow water, between 4 and 14 m deep, over sandy 
sediments (Sonntag et al. 2009). As a result they are unlikely to come into direct 
contact with dredging operations. However, the deposition of re-suspended 
sediments could potentially negatively impact on their food supply. 
 
As no dredging activity takes place in the immediate surroundings of the Exe Estuary 
SPA and the shipping lanes are well in excess of 10 km from the shore, birds from 
this site are unlikely to be exposed to the effects of marine aggregate dredging. The 
depths over which Slavonian Grebes forage means that they are unlikely to be 
exposed to the disturbance associated with aggregate extraction within the Firth of 
Forth SPA, though might be exposed to disturbance and the risk of oil pollution 
associated with shipping activity. The species might also be exposed to the indirect 
effects of changes in prey availability associated with the deposition of re-suspended 
sediment during aggregate extraction. 
 
4.1.12 Gulls 
 
Sensitivity to effects 
 
In general, gulls are likely to be of low sensitivity to the effects of dredging activities 
as they have a broad diet, are able to use a wide variety of habitats, are at low risk 
from oil pollution and are generally less affected by disturbance (Camphuysen 1989; 
Williams et al. 1994; Furness & Tasker 2000; Garthe & Hüppop 2004; King et al. 
2009). In fact, dredging activity may attract gulls to an area as bottom sediments are 
stirred up, releasing benthic organisms into the water column where they can be 
preyed on by gulls (Tasker et al. 1986; Herron Baird 1990; Wiese & Montevecchi 
2000). The possible exposure of each species to the effects of marine aggregate 
dredging, is discussed below.  
 

4.1.12.1 Black-headed Gull Chroicocephalus ridibundus (Figure 4.13) 
 
Exposure 
 
Breeding Black-headed Gulls are features of four SPAs: the Alde-Ore Estuary (1 
582 pairs), Coquet Island (2 100 pairs), Lough Neagh & Lough Beg (33 000 
pairs) and the Ribble & Alt Estuaries (11 900 pairs). 
 
During the breeding season, Black-headed gulls typically feed within 15 km of 
their colonies on intertidal areas or cultivated land (Gorke & Brandl 1986; Brandl 
& Gorke 1988; Seys et al. 2001; Kubetzki & Garthe 2004). Key prey species are 
terrestrial arthropods, bivalves and crustaceans (Fasola et al. 1989; Kubetzki & 
Garthe 2004). Consequently, birds within the Lough Neagh and Lough Beg and 
Coquet Island SPAs are unlikely to be exposed to dredging operations. Birds 
within the Alde-Ore Estuary may be exposed to effects associated with shipping 
lanes in the East Coast and Thames Estuary dredging regions, and may be 
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exposed to effects associated with sediment plumes in the East Coast dredging 
region. Birds within the Ribble and Alt SPA may be exposed to effects 
associated with shipping lanes, and be exposed to effects associated with 
sediment plumes in the North West dredging region. 

 
4.1.12.2 Mediterranean Gull Larus melanocephalus (Figure 4.14) 
 
Exposure 
 
Breeding Mediterranean Gulls are features of five UK SPAs: Dungeness to Pett 
Level (2 pairs), North Norfolk Coast (2 pairs), Poole Harbour (5 pairs), Solent & 
Southampton Water (2 pairs) and The Swale (12 pairs). 
 
The foraging habitats of Mediterranean Gulls include both cultivated land and 
marine areas, and whilst they show a preference for terrestrial arthropods during 
the breeding season, they may also take advantage of fisheries discards and 
vertically migrating prey, like crustaceans and squid (Fasola et al. 1989; Poot 
2003). They have broad foraging ranges and are capable of travelling up to 75 
km to feed (Poot 2003). Consequently, birds from all five SPAs may be exposed 
to the effects associated with dredging operations and associated shipping 
lanes, although the relative importance of terrestrial habitats to this species 
during the breeding season should be borne in mind in considering the 
magnitude of this exposure. 
 
4.1.12.3 Lesser Black-backed Gull Larus fuscus (Figure 4.15) 
 
Exposure 
 
Breeding Lesser Black-backed Gulls are features of 10 UK SPAs. Lesser Black-
backed Gulls commonly feed at sea on crustaceans and fish, often gained from 
the discards of commercial fisheries (Furness et al. 1992; Kubetzki & Garthe 
2004). They forage more widely than many other gull species, typically within 
around 20 km of their breeding colonies (Camphuysen 1995; Furness & Tasker 
2000; Schwemmer & Garthe 2005), and as such are more likely to be exposed 
to dredging operations.  
 
The distances potentially travelled by Lesser Black-backed gulls mean that birds 
from the Morecambe Bay (22 000 pairs), Ribble and Alt Estuaries (1 800 pairs), 
Bowland Fells (13 900 pairs) and Firth of Forth Islands SPAs (2 920) may all be 
exposed to dredging operations. Birds within the Alde-Ore Estuary (21 700 
pairs) may be exposed to the effects associated with sediment plumes 
generated by dredging operations, as well as the effects associated with 
shipping lanes. Birds from the Isles of Scilly (3 608 pairs) and Skomer & 
Skokholm SPAs (20 300 pairs) are only likely to be exposed to the effects 
associated with shipping. 
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4.1.12.4 Herring Gull Larus argentatus (Figure 4.16) 
 
Exposure 
 
Breeding Herring Gulls are features of 12 SPAs. The species feeds in a broad 
range of habitats, including rubbish tips, intertidal mudflats, farmland and are 
often seen feeding on discards from commercial fisheries (Sibly & McCleery 
1983; Furness et al. 1992; Kubetzki & Garthe 2004). Whilst Herring Gulls 
typically travel a maximum of 10 km to feed during the breeding season and 
bivalves and crustaceans contribute a key component of Herring Gull diet (Sibly 
& McCleery 1983; Furness & Tasker 2000; Kubetzki & Garthe 2004), their 
exploitation of a broad range of habitats is likely to buffer any negative effects 
that marine aggregate dredging might have on their food supply.  
 
Birds within the Morecambe Bay (11 000 pairs) and Firth of Forth Islands SPAs 
(6 600 pairs) are likely to be exposed to the direct effects associated with 
dredging operations. Birds within the Alde-Ore Estuary SPA (2 250 pairs) birds 
may also be exposed to the effects associated with shipping and the increased 
sedimentation associated with aggregate extraction.  
 
4.1.12.5 Great Black-backed Gull Larus marinus (Figure 4.17) 
 
Exposure 
 
Breeding Great Black-backed Gulls are features of six UK SPAs. However, only 
birds from the Isles of Scilly SPA (766 pairs) are likely to be exposed to 
dredging operations. Great Black-backed Gulls usually feed within 10 km of their 
breeding colonies (Furness & Tasker 2000) on inshore areas such as intertidal 
mudflats, although they also make use of discards from commercial fisheries 
vessels (Furness et al. 1992; Garthe 1997). Consequently, Great Black-backed 
Gulls at the Isles of Scilly SPA may be exposed to the effects associated with 
shipping lanes in the South West dredging Region. 
 
4.1.12.6 Black-legged Kittiwake Rissa tridactyla (Figure 4.18) 
 
Sensitivity 
 
Black-legged Kittiwakes are more likely to be sensitive to the effects of dredging 
operations than other gull species. Whilst like other gulls they are typically 
unaffected by disturbance and are flexible in their habitat use (Garthe & Hüppop 
2004; King et al. 2009), they are more constrained in their choice of prey 
species (Furness & Tasker 2000). Declines in the populations of key prey 
species, such as sandeel, have been linked to declines in Black-legged 
Kittiwake populations (Rindorf et al. 2000; Lewis et al. 2001; Daunt et al. 2002). 
As such, aspects of marine aggregate dredging which affect prey species are 
likely to have a knock-on effect on Black-legged Kittiwake numbers. In addition, 
they forage further offshore than other gulls, typically up to 50 km (Furness & 
Tasker 2000; Daunt et al. 2002; Ainley et al. 2003; Humphreys et al. 2006; 
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Kotzerka et al. 2009), and are as a result sensitive to oil pollution (Camphuysen 
1989; Williams et al. 1994).  
 
Exposure 
 
Breeding Black-legged Kittiwakes are features of 33 UK SPAs. However, only 
birds from the Firth of Forth Islands (9 380 pairs) and St. Abbs Head to Fast 
Castle SPAs (19 600 pairs) are likely to be directly exposed to dredging 
operations. Birds from the Skomer & Skokholm (1 959 pairs) and Flamborough 
Head & Bempton Cliffs SPAs (83 370 pairs) may be exposed to the effects 
associated with shipping. 
 
4.1.12.7 Little Gull Hydrocoloeus minutus (Figure 4.19) 
 
Sensitivity 
 
Little Gulls are strongly influenced by hydrographic phenomena such as fronts 
and foam lines, where they feed on drowned insects, zooplankton and fish 
(Schwemmer & Garthe 2006). As with other gulls, they are thus likely to be of 
low sensitivity to the effects of dredging activities. 
 
Exposure 
 
The Little Gull is not currently a feature of any UK SPA. However, they may 
occur within current areas of search (Figures 4.19 and 4.29) along the East 
coast England, where several dredging zones exist.  
 
 

4.1.13 Terns  
 
Sensitivity to effects 
 
Most tern species forage within 10 km of the coast (Becker et al. 1993; Furness & 
Tasker 2000; Bertolero et al. 2005; Perrow et al. 2006; Rock et al. 2007), hovering 
several metres above the water’s surface, before plunging after prey.  
 
Prey species may vary between locations, depending on availability and include fish 
species such as sandeel and herring (Monaghan et al. 1989; Furness & Tasker 2000; 
Garthe & Hüppop 2004; King et al. 2009). As they are constrained to a short foraging 
range, they are highly vulnerable to reduced food availability (Furness & Tasker 
2000; Garthe & Hüppop 2004; King et al. 2009). Thus any changes in food 
availability at a local level could have a dramatic impact on populations. As they 
require clear water for foraging (Essink 1999), terns may thus be particularly 
sensitive to the turbidity caused by dredging operations and the re-suspension of 
sediment. 
 
Increased shipping is unlikely to have much impact as tern species are generally 
tolerant of the associated disturbance and they are generally at a low risk from oil 
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pollution (Camphuysen 1989; Williams et al. 1994; Garthe & Hüppop 2004; King et 
al. 2009).  
 
The relative exposure of each species to marine aggregate dredging is discussed in 
turn below. 
 

4.1.13.1 Little Tern Sterna albifrons (Figure 4.20) 
 
Exposure 
 
Breeding Little Terns are features of 27 UK SPAs. Little Terns generally feed 
within 5 km of their breeding colonies (Perrow et al. 2006; Bertolero et al. 2005). 
Consequently, only birds within the Chichester and Langstone Harbours SPA 
(100 pairs), Pagham Harbour SPA (12 pairs) and Solent and Southampton 
Water SPA (49 pairs) are likely to be directly exposed to dredging operations. 
Birds from the Alde-Ore Estuary (48 pairs), Benacre to Easton Bavents (53 
pairs), Blackwater Estuary (36 pairs), Chesil Beach and the Fleet (55 pairs), 
Colne Estuary (38 pairs), Dungeness to Pett Level (35 pairs), Foulness (23 
pairs), Gibraltar Point (23 pairs), Great Yarmouth & North Denes (220 pairs), 
Hamford Water (55 pairs), Humber Flats, Marshes and Coast (63 pairs), 
Medway Estuary & Marshes Coast (28 pairs), Morecambe Bay (26 pairs), North 
Norfolk Coast (377 pairs), the Dee Estuary (56 pairs) and The Wash (33 pairs) 
SPAs may be exposed to the increased turbidity associated with marine 
aggregate dredging, and the effects on food supplies associated with increased 
sedimentation. 
 
4.1.13.2 Sandwich Tern Sterna sandvicensis (Figure 4.21) 
 
Exposure 
 
Sandwich Terns are breeding season features of 16 UK SPAs and passage 
season features for an additional three sites. Sandwich Terns typically feed 
within 10 km of their breeding colonies (Furness & Tasker 2000), though may fly 
further where shallow offshore habitat is available. As a result, only birds from 
the Firth of Forth Estuary SPA (1 611 individuals on passage), the Chichester & 
Langstone Harbours SPA (158 pairs) and the Solent & Southampton Water SPA 
(231 pairs) are likely to be directly exposed to dredging operations. Elsewhere, 
birds from the Alde-Ore Estuary (169 pairs), the Duddon Estuary (210 pairs), 
Firth of Forth Islands (22 pairs), Foulness (320 pairs), Morecambe Bay (290 
pairs), North Norfolk Coast (3 457 pairs) and the Dee Estuary (818 individuals 
on passage) SPAs may be exposed to increased turbidity and sedimentation 
from adjacent dredging areas. Birds from the Ynys Feurig, Cemlyn Bay & the 
Skerries SPA (460 pairs) are only likely to be exposed to the disturbance 
associated with shipping, which is likely to have a limited effect on tern species. 
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4.1.13.3 Common Tern Sterna hirundo (Figure 4.22) 
 
Exposure 
 
Breeding Common Terns are a feature of 22 UK SPAs. Estimates for Common 
Tern foraging ranges vary widely within the published literature with estimates of 
up to 30 km (Becker et al. 1993; Furness & Tasker 2000; Garthe 1997; Black & 
Diamond 2005). However, for the purposes of this review a directly measured 
value of 6.3 km (Becker et al. 1993) is considered as representative for the 
potential foraging range from Common Tern colonies. As a result, only birds 
from colonies within the Firth of Forth Islands (800 pairs), Poole Harbour (155 
pairs) and Solent & Southampton Water SPAs (267 pairs) are likely to be 
directly exposed to dredging operations. Birds within the Breydon Water (155 
pairs), Dungeness to Pett Level (266 pairs), Foulness (220 pairs), The Wash 
(152 pairs), Ribble & Alt Estuary (182 pairs) and Dee Estuary SPAs (277 pairs) 
may be exposed to the wider effects of sedimentation and turbidity. Birds from 
the Ynys Feurig, Cemlyn Bay & the Skerries SPA (189 pairs) are only likely to 
be exposed to the increased disturbance associated with shipping, which has 
little impact on tern species. 
 
4.1.13.4 Roseate Tern Sterna dougallii (Figure 4.23) 
 
Exposure 
 
Breeding Roseate Terns are features of seven UK SPAs. Roseate Terns 
typically feed within 7 km of their breeding colonies (Furness & Tasker 2000; 
Rock et al. 2007). Consequently, only birds from the Solent and Southampton 
Water SPA (2 pairs) are likely to be directly exposed to dredging operations. 
Birds from the Firth of Forth Islands SPA (9 pairs) and North Norfolk Coast SPA 
(2 pairs) may be exposed to the wider effects of turbidity and sedimentation. At 
Ynys Feurig, Cemlyn Bay and the Skerries (3 pairs), birds are only likely to be 
exposed to the increased disturbance associated with shipping, which has little 
impact on tern species. 
 
4.1.13.5 Arctic Tern Sterna paradisaea (Figure 4.24) 
 
Exposure 
 
Breeding Arctic Terns are features of 17 UK SPAs. Arctic Terns tend to feed 
further offshore than other tern species (Black & Diamond 2005), at distances of 
up to 30 km (Garthe 1997), the value used as the potential foraging range in this 
review. Despite this, only birds from the Firth of Forth Islands SPA (540 pairs) 
are likely to come into direct contact with dredging operations. Birds from the 
Ynys Feurig, Cemlyn Bay & the Skerries SPA (1 290 pairs) are only likely to be 
exposed to the disturbance associated with shipping, which has little impact on 
tern species. 
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4.1.14 Guillemot Uria aalge (Figure 4.25) 
 
Sensitivity to effects 
 
The Guillemot is a pursuit feeder (Thaxter et al. 2010) that feeds on fish species such 
as sandeel (Wright & Begg 1997; Wanless et al. 1998; Rindorf et al. 2000; Wanless 
et al. 2005).  
 
The species is likely to show a negative sensitivity to both the direct effects of 
dredging operations and associated shipping activity. Guillemots are highly sensitive 
to the disturbance associated with shipping traffic (Garthe & Hüppop 2004; King et al. 
2009). Consequently, they are likely to avoid areas in which dredging is taking place, 
and also associated shipping activity. Guillemots are additionally highly vulnerable to 
the effects of oil pollution (Camphuysen 1989; Williams et al. 1994).  
 
As Guillemots are pursuit feeders (Thaxter et al. 2010), water clarity can be an 
important determinant of their distribution (Garthe 1997). Consequently, Guillemots 
are also likely to be sensitive to the increases in turbidity that occur during dredging 
operations and the indirect effects of the deposition of re-suspended sediments 
which could potentially negatively impact on their food supply. 
 
Exposure 
 
Guillemot typically forage within 15 km of their breeding colonies (Thaxter et al. 2009) 
and at depths of around 50 m (Thaxter et al. 2009). Occasionally they may also 
forage in deeper water, up to 180 m (Piatt & Nettleship 1985; Stone et al. 1995) while 
they also tend to avoid water less than 5 m deep (Holm & Burger 2002). Thus they 
may potentially be exposed to dredging operations whilst foraging. 
 
Guillemots are a feature of 34 SPAs during the breeding season (Stroud et al. 2001). 
Given their foraging range, only birds from the Firth of Forth Islands SPA (22 452 
pairs) are likely to exposed to the direct effects of disturbance and increased 
turbidity, and the effects of changes in prey availability associated with the deposition 
of re-suspended sediment. However, birds within the Flamborough Head & Bempton 
Cliffs SPA (16 150 pairs) and the Skomer & Skokholm SPA (7 067 pairs) may be 
exposed to the disturbance from the shipping associated with dredging.  
 
4.1.15 Razorbill Alca torda (Figure 4.26) 
 
Sensitivity to effects 
 
As with other auks, the Razorbill is a diving species that feeds on fish, notably 
sandeel (Harris & Wanless 1986; Wanless et al. 1998). 
 
The species is likely to show a negative sensitivity to both the direct effects of 
dredging operations and associated shipping activity. Razorbills are highly sensitive 
to the disturbance associated with shipping traffic (Garthe & Hüppop 2004; King et al. 
2009). Consequently, they are likely to avoid areas in which dredging is taking place, 
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and also associated shipping activity. Razorbills are additionally highly vulnerable to 
the effects of oil pollution (Camphuysen 1989; Williams et al. 1994). 
 
As with many seabird species, sandeel are a key prey species for Razorbill, with 
productivity linked to local sandeel abundance (Harris & Wanless 1986; Wanless et 
al. 1998). Given this, and the relative inflexibility in their habitat use (Garthe & 
Hüppop 2004; King et al. 2009), they are likely to be sensitive to aspects of marine 
aggregate dredging which negatively affect sandeel populations, notably the 
deposition of re-suspended sediments  
 
Exposure 
 
Razorbill typically feed well away from their breeding colonies, at distances of up to 
20 km (Wanless et al. 1990; Furness & Tasker 2000; Thaxter et al. 2010) and dive to 
depths of up to 35 m (Benvenuti et al. 2001; Dall’Antonia et al. 2001; Thaxter et al. 
2010). Thus they may potentially be exposed to dredging operations whilst foraging. 
 
Razorbills are features of 19 SPAs during the breeding season (Stroud et al. 2001). 
Given their foraging range, only birds from the Firth of Forth Islands SPA (2 683 
pairs) are likely to be exposed to the direct effects of disturbance and increased 
turbidity, and the effects of changes in prey availability associated with the deposition 
of re-suspended sediment. Birds within the Flamborough Head & Bempton Cliffs SPA 
(5 133 pairs) and the Skomer & Skokholm SPA (2 854 pairs) may be exposed to the 
disturbance from the shipping associated with dredging. 
 
4.1.16 Atlantic Puffin Fratercula arctica (Figure 4.27) 
 
Sensitivity to effects 
 
As with other auks, the Atlantic Puffin is a diving species that feeds on fish, notably 
sandeel (Martin 1989; Wanless et al. 1998; Furness & Tasker 2000). 
 
The species is likely to show a negative sensitivity to both the direct effects of 
dredging operations and associated shipping activity. Atlantic Puffins are notably 
highly sensitive to the disturbance associated with shipping traffic (Garthe & Hüppop 
2004; King et al. 2009). Consequently, they are likely to avoid areas in which 
dredging is taking place, and also associated shipping activity. Atlantic Puffins are 
additionally highly vulnerable to the effects of oil pollution (Camphuysen 1989; 
Williams et al. 1994). 
 
Sandeel are a key prey species for Atlantic Puffins, with declines in sandeel stocks 
resulting in severe breeding failures in Atlantic Puffin colonies (Martin 1989; Wanless 
et al. 1998; Furness & Tasker 2000). Given this, and the relative inflexibility in their 
habitat use (Garthe & Hüppop 2004; King et al. 2009), they are likely to be sensitive 
to aspects of marine aggregate dredging which negatively affect sandeel populations, 
notably the deposition of re-suspended sediments.  
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Exposure 
 
While Atlantic Puffins often feed in close proximity to their breeding colonies 
(Wanless et al. 1990), their foraging ranges may be greater than those of either 
Guillemots or Razorbills (Furness & Tasker 2000). Most feed within 50 km of their 
breeding colonies (Furness & Tasker 2000), at depths of 25 to 30 m (Barrett & 
Furness 1990), although some may reach depths of up to 60 m (Piatt & Nettleship 
1985; Burger & Simpson 1986). Thus they may potentially be exposed to dredging 
operations whilst foraging. 
 
Atlantic Puffins are a feature of 21 UK SPAs during the breeding season (Stroud et 
al. 2001). Despite their foraging range, only birds from the Firth of Forth Islands SPA 
(21 000 pairs) are likely to exposed to the direct effects of disturbance and increased 
turbidity, and the effects of changes in prey availability associated with the deposition 
of re-suspended sediment. Birds within the Flamborough Head & Bempton Cliffs SPA 
(3 473 pairs) and the Skomer & Skokholm SPA (9 500 pairs) may be exposed to the 
disturbance from the shipping associated with dredging.  
 
4.2 Species vulnerability 
 
In considering species’ vulnerability to the key issues it is important to consider how 
the potential impacts compare to those from other industries and, for the purposes of 
EIAs, the potential cumulative effects across industries. In comparison to many other 
activities occurring in the marine environment, it should be noted that marine 
aggregate dredging may be more localised both spatially and temporally. 
 
Activities such as scallop dredging, beam trawling, otter trawling and the construction 
of offshore windfarms are likely to contribute to sedimentation and turbidity within the 
marine environment. These activities, occur in, or are planned for, a far greater 
proportion of the UK’s offshore environment than aggregate dredging (Stelzenmuller 
et al. 2008; The Crown Estate 2010). The effects of sedimentation and turbidity 
resulting from these activities may be more localised than those that result from 
aggregate dredging (Black & Parry 1999; Bio/consult 2002; O’Neill 2008) but more 
widespread.  
 
The offshore wind industry is set to expand dramatically in coming years (BWEA 
2010). The disturbance associated with the operation of windfarms is thought to both 
displace birds from the area concerned, and also to act as a barrier to movement 
(Kaiser et al. 2002; Exo et al. 2003; Drewitt & Langston 2006; Maclean et al. 2006; 
Masden et al. 2009; Langston 2010). The expansion of the offshore wind industry 
means that the impacts related to windfarms are likely to increase whilst 
displacement and collisions resulting from the marine aggregates industry are likely 
to remain constant or even decrease. 
 
Activities such as scallop dredging, bream trawling and otter trawling are likely to 
have a similar impact on seabed habitats to marine aggregate dredging. These 
activities occur in similar regions to marine aggregate dredging, but over larger 
areas, and occur more consistently throughout the year (Stelzenmuller et al. 2008). 
Consequently, the damage caused to the seabed as a result of marine aggregate 
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dredging is unlikely to be as widespread as that caused by commercial fishing 
activities.  
 
In assessing the cumulative impacts of aggregate dredging in conjunction with other 
offshore industries, it is important to consider whether effects are likely to be additive 
or interactive. For example, the potential impacts of mortality resulting from collisions 
with aggregate shipping and offshore wind turbines are likely to be additive. In 
contrast, any effects on habitats may have knock-on consequences for other 
activities. Changes to the seabed from dredging operations that affect fish species, 
for example, may affect fisheries and thus the cumulative effects of these activities 
for seabirds.   
 
The viability of populations is typically closely related to the area of suitable habitat 
that is available. Aggregate dredging in an area that is already widely used for 
shellfish dredging may reduce the habitat available for benthic communities to critical 
levels, and consequently have a severe knock-on effect on seabirds. However, 
further research is required to determine the extent to which the cumulative impact of 
each of the key issues is likely to be additive or interactive. 
 
The vulnerabilities of each species to the effects associated with marine aggregate 
dredging are summarised and scored in Table 4.1 and discussed in turn below. 
 
4.2.1 Eider  
 
The distribution of Eider means that their exposure, and thus, vulnerability to the 
direct effect of disturbance by marine aggregate extraction is low. They are slightly 
exposed to the wider effects of increased shipping associated with marine aggregate 
extraction and thus have been evaluated as being of moderate vulnerability to this 
effect. However, the scale of shipping associated with marine aggregate extraction 
must be considered in the context of total shipping from other sources.  
 
Eider are highly sensitive to impacts on their food supplies and their distribution and, 
in particular, potentially highly exposed to the effects of sediment associated with 
dredging. Consequently they have been assessed as being very highly vulnerable to 
the indirect effects on food supplies associated with increased sedimentation and of 
moderate vulnerability to increased turbidity affecting their foraging ability.  
 
The foraging behaviour of Eider means that they are of low sensitivity to effects on 
the seabed habitat resulting from marine aggregate extraction, and are thus of low 
vulnerability to effects on the benthos or associated fish communities.  
 
4.2.2 Long-tailed Duck 
 
The distribution and foraging behaviour of Long-tailed Ducks means that their 
exposure and sensitivity, and hence vulnerability, to the issues associated with 
marine aggregate dredging is low.  
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4.2.3 Common Scoter 
 
Common Scoter are highly sensitive to the effects of disturbance associated both 
directly with marine aggregate extraction, and also with the shipping associated with 
marine aggregate extraction. As a result of differences in exposure associated with 
aggregate extraction zones and shipping lanes, Common Scoter have been 
assessed as being highly vulnerable to the direct effects of disturbance associated 
with dredging and very highly vulnerable to the effects of disturbance associated with 
shipping. However, the scale of shipping associated with marine aggregate extraction 
must be considered in the context of total shipping from other sources.  
 
As Common Scoter are highly sensitive to impacts on their food supply, they have 
been assessed as being highly vulnerable to the indirect effects of sedimentation and 
moderately vulnerable to impacts to the benthos. Common Scoter may also be 
moderately vulnerable to increases in turbidity.  
 
4.2.4 Velvet Scoter 
 
Velvet Scoter are highly sensitive to the effects of disturbance associated both 
directly with marine aggregate extraction, and also with the shipping associated with 
marine aggregate extraction. As a result of their exposure to aggregate extraction, 
Velvet Scoter have been assessed as being highly vulnerable to disturbance from 
both sources. However, the scale of shipping associated with marine aggregate 
extraction must be considered in the context of total shipping from other sources.  
 
Velvet Scoter are highly sensitive to impacts on their food supply. However, their 
exposure to marine aggregate dredging operations means that they have been 
assessed as being moderately vulnerable to the effects of increased sedimentation 
and impacts to the benthos, and are at a low vulnerability to increased turbidity. 
 
4.2.5 Red-throated Diver 
 
Red-throated Divers are highly sensitive to the effects of disturbance associated both 
directly with marine aggregate extraction, and also with increases in shipping activity 
associated with marine aggregate extraction. As Red-throated Divers are highly 
exposed to both marine aggregate extraction zones and to the associated shipping 
lanes, they have been assessed as being very highly vulnerable to the effects of this 
disturbance. However, it is important to put this disturbance into the context of that 
which is likely to occur from other sources including existing shipping lanes and 
offshore windfarms.  
 
The foraging behaviour of Red-throated Divers means that they are moderately 
sensitive to impacts on their food supply. As Red-throated Divers are highly exposed 
to marine aggregate extraction areas, they have been assessed as being highly 
vulnerable to changes to turbidity, sedimentation and impacts to the benthos or 
associated fish communities. 
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4.2.6 Manx Shearwater 
 
Despite their high exposure to marine aggregate dredging operations, Manx 
Shearwaters are relatively insensitive to the effects of disturbance, whether directly 
from dredging operations or from the associated shipping. As a result Manx 
Shearwater have been assessed as being at low vulnerability to both forms of 
disturbance associated with marine aggregate extraction.  
 
The foraging behaviour of Manx Shearwaters means that their sensitivity to impacts 
on their food supply resulting from marine aggregate extraction is very low. As a 
result, despite their wide exposure to marine aggregate dredging operations, their 
vulnerability to the effects of increased sedimentation, turbidity and impacts to 
benthos and associated fish communities has been assessed as being very low. 
 
4.2.7 European Storm Petrel 
 
The distribution and foraging behaviour of European Storm Petrels means that both 
their exposure and sensitivity to marine aggregate dredging operations is low. As a 
result, their vulnerability to all of the issues associated with marine aggregate 
extraction has been assessed as being very low. 
 
4.2.8 Northern Gannet 
 
Despite their exposure to marine aggregate dredging operations, Northern Gannets 
are relatively insensitive to the effects of disturbance, whether directly from dredging 
operations, or from the associated shipping. As a result, Northern Gannets have 
been assessed as being at low vulnerability to both forms of disturbance associated 
with marine aggregate extraction.  
 
Their wide foraging ranges means that despite being moderately sensitive to 
increased sedimentation and impacts to the benthos or associated fish communities, 
the vulnerability of Gannets to these issues has been assessed as being very low. 
Despite using vision whilst foraging, their vulnerability to increased turbidity has also 
been assessed as being low. 
 
4.2.9 Great Cormorant 
 
Breeding 
 
Despite a high sensitivity to the direct effects of disturbance associated with 
dredging, the exposure of Great Cormorant to marine aggregate dredging areas 
means that they have been assessed as being at low vulnerability to disturbance 
during the breeding season. However, Great Cormorants are more exposed to the 
disturbance associated with aggregate shipping and so have been assessed as 
being highly vulnerable to this effect. However, the scale of shipping associated with 
marine aggregate extraction must be considered in the context of total shipping from 
other sources. 
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Cormorants are moderately sensitive to the effects of increased sedimentation and 
turbidity and to impacts to the benthos and associated fish communities. However, as 
a result of their relatively low exposure to marine aggregate dredging areas, their 
vulnerability to these effects has been assessed as being low. 
 
Winter 
 
Wintering Great Cormorants have also been assessed as being at low vulnerability to 
the disturbance associated with marine aggregate dredging, and at high vulnerability 
to the issues associated with shipping. 
 
However, during the winter, the exposure of Great Cormorants are more exposed the 
effects of increased sedimentation and turbidity. Consequently, during the winter 
Great Cormorants have been assessed as being moderately vulnerable to the effects 
of increased turbidity and sedimentation. However, they remain at a relatively low 
vulnerability to changes in the benthos and associated fish communities. 
 
4.2.10 European Shag 
 
Despite being highly sensitive to some aspects of marine aggregate dredging, 
notably disturbance and the issues related to shipping, the exposure of the European 
Shag to dredging operations is low. Consequently, European Shags have been 
assessed as being at low vulnerability to all of the issues associated with marine 
aggregate extraction. 
 
4.2.11 Slavonian Grebe 
 
Slavonian Grebes are highly exposed to marine aggregate dredging operations. 
Consequently, they have been assessed as being moderately vulnerable to 
disturbance and the issues associated with shipping. However, the scale of shipping 
associated with marine aggregate extraction must be considered in the context of 
total shipping from other sources. 
 
Slavonian Grebes are moderately sensitive to effects on their food supply, and as a 
result of their wide exposure to dredging operations have been assessed as being 
moderately vulnerable to both the effects of increased sedimentation on their prey 
species and increased turbidity on their foraging ability. However, as they rarely use 
the habitats exploited during aggregate dredging operations, they have been 
assessed as being at low vulnerability to changes in the benthos and associated fish 
communities. 
 
4.2.12 Black-headed Gull 
 
Black-headed Gulls are not exposed to either the disturbance directly associated with 
marine aggregate dredging or to the changes in benthos and associated fish 
communities. As a result they have been assessed as being at very low vulnerability 
to these issues. They are more widely exposed to the effects of turbidity and 
increased sedimentation. However, as they are insensitive to these issues, they have 
also been assessed as being at very low vulnerability to both. They are slightly more 
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sensitive to the effects of shipping, though their vulnerability to this issue has only 
been assessed as being low. 
 
4.2.13 Mediterranean Gull 
 
Whilst Mediterranean Gulls are relatively insensitive to the effects of disturbance and 
issues related to shipping, they are highly exposed to marine aggregate dredging 
operations. Consequently, their vulnerability to these issues has been assessed as 
being moderate. They are also very insensitive to the effects of increased 
sedimentation and turbidity and to changes to the benthos and associated fish 
species. Consequently, their vulnerability to these issues has been assessed as 
being very low.  
 
4.2.14 Lesser Black-backed Gull 
 
The distribution of Lesser Black backed Gulls means that they are moderately 
exposed to the disturbance associated with marine aggregate dredging and impacts 
on the benthos and associated fish communities, and highly exposed to shipping and 
increases in turbidity and sedimentation. However, as a result of their foraging 
behaviour, they are relatively insensitive to these issues, and consequently have 
been assessed as being at low vulnerability to disturbance, increases in 
sedimentation and turbidity and impacts on the benthos and associated fish 
communities, and as being at moderate vulnerability to the issues associated with 
aggregate shipping. However, the scale of shipping associated with marine 
aggregate extraction must be considered in the context of total shipping from other 
sources. 
 
4.2.15 Herring Gull 
 
Herring Gulls are moderately exposed to the impacts associated with marine 
aggregate dredging. However, their sensitivity to these issues is low. Consequently, 
the vulnerability of Herring Gulls to increases in sedimentation and turbidity and to 
impacts on the benthos and associated fish communities has been assessed as 
being very low, and their vulnerability to the disturbance and shipping associated with 
marine aggregate dredging as being low. 
 
4.2.16 Great Black-backed Gull 
 
The exposure and sensitivity of Great Black-backed Gulls to marine aggregate 
dredging operations is low. Consequently, their vulnerability to all of the issues 
associated with marine aggregate dredging has been assessed as being very low.  
 
4.2.17 Little Gull 
 
As the Little Gull is not currently a feature of any UK SPA it is not possible to assess 
the species’ exposure and vulnerability in a manner consistent with that of other 
species. However, the species’ foraging behaviour makes it unlikely that it would 
come into direct contact with marine aggregate dredging operations, a conclusion 
supported by data from the ESAS database (Figure 4.19). As a result, the 
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vulnerability of Little Gulls to marine aggregate dredging operations is considered 
likely to be low or very low.. 
 
4.2.18 Black-legged Kittiwake 
 
The exposure of Black-legged Kittiwakes to marine aggregate dredging operations is 
low, and their sensitivity to most of the issues associated with marine aggregate 
dredging operations is also low. Consequently, the vulnerability of Black-legged 
Kittiwakes to most of the issues associated with marine aggregate dredging has been 
assessed as being very low. The exception to this is the potential impact of increased 
sedimentation, which may negatively impact the distribution of sandeel, a key prey 
species. Consequently, the vulnerability of Black-legged Kittiwake to increased 
sedimentation has been assessed as being low.  
 
4.2.19 Little Tern 
 
As Little Terns tend to feed close to the shore, they are at a low exposure to the 
disturbance and impacts on the benthos and associated fish species associated with 
marine aggregate dredging operations. Consequently, their vulnerability to these 
issues has been assessed as being low. As they are relatively insensitive to issues 
related to shipping, their vulnerability to the shipping associated with marine 
aggregate dredging operations has also been assessed as being low.  
 
Little Terns are highly exposed to the turbidity and increased sedimentation 
associated with marine aggregate dredging operations. Little Terns may be sensitive 
to increased sedimentation as the deposition of re-suspended sediment may smother 
the eggs and larvae of key prey species. Consequently, Little Terns have been 
assessed as being moderately vulnerable to the effects of increased sedimentation. 
As vision is an important part of Little Tern foraging ability, and Little Terns are highly 
exposed to changes in turbidity, Little Terns have been assessed as being very 
highly vulnerable to changes in turbidity associated with marine aggregate dredging. 
 
4.2.20 Sandwich Tern 
 
Sandwich Terns have a low sensitivity to the disturbance and shipping associated 
with marine aggregate dredging operations. As their exposure to the disturbance is 
low and their exposure to the shipping is moderate, their vulnerabilities to these 
issues have been assessed as being very low and low respectively. 
 
Sandwich Terns are sensitive to issues that affect their food supply and foraging 
ability. Consequently, they have been assessed as being moderately vulnerable to 
the effects of impacts to the benthos and associated fish communities, and highly 
vulnerable to increases in turbidity. However, their exposure and sensitivity means 
that they have been assessed as being at low vulnerability to changes in 
sedimentation. 
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4.2.21 Common Tern 
 
Common Terns have a low sensitivity to the disturbance and shipping associated 
with marine aggregate dredging. As their exposure to the disturbance is low and their 
exposure to the shipping is moderate, their vulnerabilities to these issues have been 
assessed as being very low and low respectively. 
 
Whilst Common Terns can be sensitive to issues affecting food availability, their 
exposure to increased sedimentation and impacts to the benthos and associated fish 
communities means that they have been assessed as being at low vulnerability to 
these issues. However, as vision plays an important role in their foraging capabilities, 
they have been assessed as being highly vulnerable to changes in turbidity. 
 
4.2.22 Roseate Tern 
 
Roseate Terns have a low sensitivity to the disturbance and shipping associated with 
marine aggregate dredging. As their exposure to the disturbance is low and their 
exposure to the shipping is moderate, their vulnerabilities to these issues have been 
assessed as being very low and low respectively. 
 
The exposure of Roseate Terns to issues affecting prey availability and foraging 
ability is low. Consequently, their vulnerability to increased sedimentation has been 
assessed as being low. However, as they are highly sensitive to both increases in 
turbidity and impacts to the benthos and associated fish communities, their 
vulnerability to these issues has been assessed as being moderate. 
 
4.2.23 Arctic Tern 
 
Arctic Terns have a low exposure and low sensitivity to the disturbance and shipping 
associated with marine aggregate dredging operations. Consequently, their 
vulnerability to these issues has been assessed as being very low.  
 
The exposure of Arctic Terns to issues affecting prey availability and foraging ability 
has been assessed as being low. Consequently, their vulnerability to increased 
sedimentation has been assessed as being low. However, as they are highly 
sensitive to both increases in turbidity and impacts to the benthos and associated fish 
communities, their vulnerability to these issues has been assessed as being 
moderate. 
 
4.2.24 Common Guillemot 
 
The exposure of Common Guillemots to issues related to marine aggregate dredging 
is low. As Common Guillemots are moderately sensitive to the disturbance and 
shipping associated with marine aggregate dredging, their vulnerability to these 
issues has been assessed as being low. 
 
Common Guillemots are moderately sensitive to increases in sedimentation and 
impacts to the benthos and associated fish communities. However, their low 
exposure to these issues means that their vulnerability to them has been assessed 
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as being low. As vision plays an important role in the foraging capabilities of 
Common Guillemots, they have been assessed as being moderately vulnerable to 
changes in turbidity. 
 
4.2.25 Razorbill 
 
The exposure of Razorbills to issues related to marine aggregate dredging is low. As 
Razorbills are moderately sensitive to the disturbance and shipping associated with 
marine aggregate dredging, their vulnerability to these issues has been assessed as 
being low. 
 
Razorbills are moderately sensitive to increases in sedimentation and impacts to the 
benthos and associated fish communities. However, their low exposure to these 
issues means that their vulnerability to them has been assessed as being low. As 
vision plays an important role in the foraging capabilities of Razorbills, they have 
been assessed as being moderately vulnerable to changes in turbidity. 
 
4.2.26 Atlantic Puffin 
 
The exposure of Atlantic Puffins to issues related to marine aggregate dredging is 
low. As Atlantic Puffins are relatively insensitive to the disturbance and shipping 
associated with marine aggregate dredging, their vulnerability to these issues has 
been assessed as being very low. 
 
Atlantic Puffins are moderately sensitive to increases in sedimentation and impacts to 
the benthos and associated fish communities. However, their low exposure to these 
issues means that their vulnerability to them has been assessed as being low. As 
vision plays an important role in the foraging capabilities of Atlantic Puffins, they have 
been assessed as being moderately vulnerable to changes in turbidity. 
 
4.3 Areas of high ecological vulnerability  
 
In assessing the ecological vulnerability of dredging areas, both the number of 
features of existing SPAs potentially affected and the areas of search for Marine 
SPAs are considered (Figures 4.28 & 4.29). The areas where seabirds are most 
vulnerable to dredging operations are the North West, where 22 seabird SPA 
features are potentially affected, and Scotland, where 21 SPA features would 
potentially be vulnerable. 
 
The reasons for these very high vulnerabilities differ. In Scotland, marine aggregate 
dredging is restricted to the Firth of Forth (Figure 4.28). As a result, features from 
only two SPAs –the Firth of Forth and the Firth of Forth Islands – are potentially 
vulnerable to dredging operations. However, as these SPAs contain large numbers of 
breeding seabirds, including auks, terns and gulls, a large number of features are 
potentially vulnerable.  
 
In the North West dredging region, seabird features of eight SPAs, including Bowland 
Fells, The Dee Estuary, the Duddon Estuary, the Mersey Narrows & North Wirral 
Foreshore, Morecambe Bay, Puffin Island, the Ribble & Alt Estuaries and Ynys 
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Feurig, Cemlyn Bay & the Skerries are potentially vulnerable to marine aggregate 
dredging operations (Figure 4.28). In addition, the seabird features of the Liverpool 
Bay/Bae Lerpwl pSPA (i.e. Common Scoter and Red-throated Diver) are also likely to 
be vulnerable to dredging operations (Figures 4.3, 4.5 & 4.29).  
 
Up to 30 seabird SPA features may be vulnerable to dredging activity within the East 
Coast and Thames Estuary regions (Figure 4.28). In addition, the Outer Thames 
Estuary has been proposed as a potential SPA for Red-throated Divers (Figures 4.5 
& 4.29), and much of the rest of the area has been identified as an area of search for 
marine SPAs, subject to further analysis (Figure 4.29).  
 
Relatively fewer seabird SPA features are vulnerable to the effects of marine 
aggregate dredging in the South Coast dredging region (Figure 4.28). This area has 
a high concentration of SPAs including, Chichester and Langstone Harbours, 
Pagham Harbour, Poole harbour, Portsmouth Harbour and Solent and Southampton 
Water. With the exception of Portsmouth Harbour, breeding terns are features of all 
of these SPAs.  
 
Despite important seabird breeding colonies at the Skomer & Skokholm SPA and 
Grassholm SPA and an important wintering population of Common Scoter in the 
Carmarthen Bay/Bae Caerfyrddin SPA, relatively few seabirds are vulnerable to 
aggregate dredging operations in the South West dredging region (Figure 4.28). 
Whilst the area has been subject to search for potential marine SPAs, at this time no 
further analysis is planned (Figure 4.29). 
 
Few seabird SPA features are also vulnerable to dredging within the Humber 
dredging region (Figure 4.28). Only three SPAs have seabirds as a feature in this 
region: Gibraltar Point, Humber Flats, Marshes & Coast and The Wash. However, the 
area is subject to extensive search for potential marine SPAs (Figure 4.29), with 
further analyses planned. 
 
No SPA features are vulnerable to dredging within the Owers and East English 
Channel dredging regions (Figure 4.28). Whilst the Owers dredging region 
neighbours the South Coast dredging region, the foraging ranges of the seabird 
features of the SPAs within the South Coast region are unlikely to extend to the 
Owers region. There are no additional SPAs, for which seabirds are a feature, within 
the Owers dredging region. Similarly, the foraging ranges of seabirds within SPAs on 
the South East Coast of England are unlikely to extend as far as the East English 
Channel Dredging region. Whilst both of these areas have been subject to the search 
for marine SPAs, no further analyses are planned at this stage.  
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CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 Conclusions 
 
Many of the more obvious aspects of marine aggregate dredging, for example 
disturbance, increased shipping and impacts to benthic communities, may be of 
limited importance in determining the distribution of seabirds within dredging regions. 
Whilst the shipping associated with marine aggregate dredging appears to be a key 
issue, with eight out of 26 species assessed as being at least moderately vulnerable 
to its effects, it is important to consider this in the wider context of shipping within the 
region. Due to its limited temporal extent, the shipping associated with marine 
aggregate dredging is unlikely to contribute significantly to total shipping within 
regions as a whole. Similarly, impacts to the benthos and associated fish 
communities must be considered in the context of activities such as scallop dredging, 
which occur in similar locations, but at a greater spatial scale, for more sustained 
periods (Stelzenmuller et al. 2008). 
 
Of greater importance to seabirds are likely to be the sediment plumes generated 
during the dredging process. These plumes are likely to be more sustained and to 
occur over a wider area than those generated during comparable activities such as 
scallop dredging and wind farm construction (Black & Parry 1999; Bio/consult 2002). 
Sediment plumes are likely to impact seabirds in two ways, by increasing turbidity 
and consequently reducing the ability of species to forage visually, and by 
smothering shellfish and the eggs and larvae of species like herring and sandeel. As 
these plumes can extend up to 10 km (Posford Haskoning 2002), these effects may 
be extremely widespread. 
 
The vulnerability of seabirds to the issues surrounding marine aggregate dredging 
can be highly variable. For some species, including Manx Shearwater, European 
Storm Petrel, Northern Gannet and gulls vulnerability to most of the issues was 
assessed as either low or very low. The exceptions to this are the impacts of 
disturbance and shipping on Mediterranean and Lesser Black-backed Gulls, which as 
a result of their high exposure, were assessed as being moderately vulnerable to 
these issues. 
 
In contrast, species including Red-throated Diver, Slavonian Grebe and seaduck 
appear more vulnerable to the issues associated with marine aggregate dredging. 
These species tend to be more highly exposed to dredging areas, and also to be 
extremely sensitive to both disturbance and also impacts on prey availability and 
foraging behaviour. 
 
Finally, species such as terns and auks which rely on vision whilst foraging are likely 
to be particularly vulnerable to changes in turbidity. Little Tern, Sandwich Tern and 
Common Tern are most vulnerable to this issue as a result of a greater relative 
exposure.  
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5.2 Knowledge gaps and recommendations 
 
This review has revealed significant gaps in our knowledge about the impacts of 
marine aggregate dredging on seabirds. In particular: 
 
1. The relative importance of dredging zones as foraging locations for seabirds 

has not been directly assessed; 
2. There have been no direct studies of the use of dredging areas by birds 

before, during and after dredging activities; 
3. There have been no direct studies of the interactions between seabirds and 

dredging vessels. 
 

Further research is thus required to address these knowledge gaps. The following 
recommendations aim to reduce the uncertainty regarding the potential impacts of 
marine aggregate dredging on seabirds and so provide information that will help to 
inform future license applications. 
 
Either existing data or, more usefully, new surveys could first be used to directly 
assess the use of existing dredging areas.  
 
In order to better understand the potential impacts of marine aggregate dredging on 
seabirds, where new permissions are granted, surveys should be instigated to 
provide a baseline assessment of the use of the zone by seabirds, and then repeated 
over the course of the licence period so that any changes in usage can be evaluated.  
 
It would also be valuable to monitor how seabird distributions and numbers change 
as the seabed recovers from dredging operations, in a similar fashion to that 
currently recorded for benthic communities (i.e. Kenny & Rees 1994, 1996; Boyd et 
al. 2004).  
 
Either aerial or boat-based surveys could potentially be used, however, each 
methodology brings its own advantages and disadvantages. Boat-based surveys 
tend to have lower costs and to allow better identification of the species present. 
Aerial surveys tend to be faster, and cause less disturbance, potentially a key issue 
when considering species such as Red-throated Diver and Common Scoter (Kaiser 
2002, 2004; Camphuysen et al. 2004). As a result, where possible both aerial and 
boat-based surveys should be used. Digital aerial methods (Thaxter & Burton 2009) 
should also be considered. 
 
It may be difficult to detect changes in seabird usage due to human activities as 
seabird numbers naturally fluctuate from year to year (Maclean et al. 2006). By using 
habitat association modelling it would be possible to investigate the causes of this 
variation and thus better understand the potential impacts of marine aggregate 
dredging areas to seabirds. Using collected survey data, the distributions of seabirds 
in and around dredging zones could be modelled in relation to the physical 
characteristics of the seabed and the distribution of seabed habitats, as well as 
oceanographic variables. By comparing the predicted distribution of seabirds within 
dredging zones to the distribution observed during surveys, it would be possible to 
determine the scale of impact that dredging operations were having on seabirds. 



   

 47 

 
Acknowledgements 

 
Our thanks to the Marine Environment Protection Fund for funding this work, and in 
particular to Simone Pfeiffer (JNCC) for her help over the course of the work. We are 
also grateful to Mark Russell of the British Marine Aggregates Producers Association, 
Dr. Steve Freeman of EMU Ltd, Dr. L.J. Seiderer of Marine Ecological Surveys Ltd, 
Anna Morton of Metoc PLC and Stuart Lowe of Marine Space Ltd for providing 
reports and information used in the review, to Fraser Malcolm (JNCC) and a second 
reviewer from the MALSF Steering Group for comments on the report, and to JNCC 
for use of Seabirds at Sea data. 



   

 48 



   

 49 

References 
 
ABP Marine Environmental Research. 2007. MAPF 04/04: Predictive Modelling – 
Coupling Physical and Ecological Models: Final Report.  
 
Ainley, D. G., Ford, R. F., Brown,, E. D., Suryan, R. M. & Irons, D. B. 2003. Prey 
resources, competition, and geographic structure of Kittiwake colonies in Prince 
William Sound. Ecology, 84, 709-723. 
 
Atkinson, P.W., Clark, N.A., Bell, M.C., Dare, P.J., Clark, J.A. & Ireland, P.L. 2003. 
Changes in commercially fished shellfish stocks and shorebird populations in the 
Wash, England. Biological Conservation, 114, 127-141. 
 
Atkinson, P.W., Clark, N.A., Dodd, S.G. & Moss, D. 2005. Changes in fisheries 
practices and Oystercatcher survival, recruitment and body mass in a marginal 
Cockle fishery. Ardea, 93, 199-212. 
 
Atkinson, P.W., Maclean, I.M.D. and Clark, N.A. 2010. Impacts of shellfisheries and 
nutrient inputs on waterbird communities in the Wash, England. Journal of Applied 
Ecology, 47, 191-199. 
 
Auld, A.H. & Schubel, J.R. 1978. Effects of suspended sediments on fish eggs and 
larvae: a laboratory assessment. Estuarine & Coastal Marine Science, 6, 153-164. 
 
Banks, A.N., Sanderson, W.G., Hughes, B., Cranswick, P.A., Smith, L.E., Whitehead, 
S., Musgrove, A.J., Haycock, B. & Fairney, N.P. 2008. The Sea Empress oil spill 
(Wales, UK): effects on Common Scoter Melanitta nigra in Carmarthen Bay and 
status ten years later. Marine Pollution Bulletin, 56, 895-902. 
 
Barrett, R.T. & Furness, R.W. 1990. The prey and diving depths of seabirds in 
Hornoy, North Norway after a decrease in the Barents Sea Capelin stocks. Ornis 
Scandinavica, 21, 179-186. 
 
Barrett, R.T. 1979. Small oil spill kills 10-20 000 seabirds in North Norway. Marine 
Pollution Bulletin, 10, 253-255. 
 
Baduini, C.L. & Hyrenbach, K.D. 2003. Biogeography of Procellariiform foraging 
strategies: does ocean productivity influence provisioning? Marine Ornithology, 31, 
101-112. 
 
Becker, P. H., Frank, D. & Sudmann, S. R. 1993. Temporal and spatial pattern of 
common tern (Sterna hirundo) foraging in the Wadden Sea. Oecologia, 93, 389-393 
 
Begg, G.S. & Reid, J.B.1997. Spatial variation in seabird density at a shallow sea 
tidal mixing front in the Irish Sea. ICES Journal of Marine Science, 54, 552-565. 
 
Benvenuti, S., Dall’Antonia, L. & Lyngs, P. 2001. Foraging behaviour and time 
allocation of chick-rearing Razorbills Alca torda at Graesholmen, central Baltic Sea. 
Ibis, 143, 402-412. 



   

 50 

 
Bertolero, A., Oro, D., Martinez Vilalta, A., & Angel Lopez, M. 2005. Selection of 
foraging habitats by Little Terns Sterna albifrons at the Ebro Delta (NE Spain). 
Revista Catalana d’Ornitologia, 21, 37-42. 
 
Bio/consult. 2002. Evaluation of the Effect of Sediment Spill from Offshore Wind 
Farm Construction on Marine Fish. Report for SEAS, Denmark. 
 
Black, A. 2005. Light induced seabird mortality on vessels operating in the Southern 
Ocean: incidents and mitigation measures. Antarctic Science, 17, 67-68. 
 
Black, A. L. & Diamond, A. W. 2005. Feeding areas of Arctic Terns (Sterna 
paradisaea) and Common Terns (Sterna hirundo) breeding on Machias Seal Island, 
New Brunswick, IN Percy, J. A., Evans, A. J., Wells, P. G. & Rolston, S. J. (Eds.) The 
Changing Bay of Fundy: Beyond 400 Years. Proceedings of the 6th Bay of Fundy 
Workshop, Cornwallis, Nova Scotia, Environment Canada, Dartmouth and Sackville. 
 
Black, K. P. & Parry, G. D. 1999 Entrainment, dispersal and settlement of scallop 
dredge sediment plumes: field measurements and numerical modelling. Canadian 
Journal of Fisheries and Aquatic Sciences. 56, 2271-2281 
 
BMAPA. 2008. Marine aggregate dredging 1998-2007, A ten year review. British 
Marine Aggregate Producers Association, London 
 
Borberg, J.M., Ballance, L.T., Pitman, R.L. & Ainley, D.G. 2005 A test for bias 
attributable to seabird avoidance of ships during surveys conducted in the tropical 
Pacific. Marine Ornithology, 33, 173-179. 
 
Boyd, S.E. & Rees, H.L. 2003. An examination of the spatial scale of impact on the 
marine benthos arising from marine aggregate extraction in the central English 
Channel. Estuarine, Coastal and Shelf Science, 57, 1-16. 
 
Boyd, S.E., Limpenny, D.S., Rees, H.L., Cooper, K.M. & Campbell, S. 2003. 
Preliminary observations of the effects of dredging intensity on the re-colonisation of 
dredged sediments off the southeast coast of England (Area 222). Estuarine, Coastal 
and Shelf Science, 57, 209-223. 
 
Boyd, S.E., Cooper, K.M., Limpenny, D.S., Kilbride, R., Rees, H.L., Dearnaley, M.P., 
Stevenson, J., Meadows, W.J. & Morris, C.D. 2004. Assessment of the re-habilitation 
of the seabed following marine aggregate dredging. CEFAS Lowestoft 
 
Bradshaw, C., Veale, L.O., Hill, A.S. & Brand, A.R. 2001. The effect of scallop 
dredging on Irish Sea benthos: experiments using a closed area. Hydrobiologia, 465, 
129-138. 
 
Brandl, R. & Gorke, M. 1988. How to live in colonies: foraging range and patterns of 
density around a colony of Black-headed Gulls Larus ridibundus in relation to the 
gulls’ energy budget. Ornis Scandinavica, 19, 305-308. 
 



   

 51 

Burger, A.E. & Simpson, M. 1986. Diving depths of Atlantic Puffins and Common 
Murres. Auk, 103, 828-830. 
 
Bustnes, J.O. & Systad, G.H. 2001. Comparative feeding ecology of Steller’s Eider 
and Long-tailed Ducks in Winter. Waterbirds, 24, 407-412. 
 
BWEA. 2010. UK Offshore Wind: Staying on Track, Forecasting Offshore Wind Build 
for the Next Five Years. British Wind Energy Association 
 
Byrkjedal, I., Eldoy, S., Grundetjern, S. & Loyning, M.K. 1997. Feeding associations 
between Red-necked Grebes Podiceps griseigena and Velvet Scoters Melanitta 
fusca in winter. Ibis. 139. 45-50.  
 
Calbrade, N.A., Holt, C.A., Austin, G.E., Mellan, H., Mitchell, C., Stroud, D.A., 
Wotton, S.R. & Musgrove, A.J. 2010. Waterbirds in the UK 2008/09: The Wetland 
Bird Survey. Thetford: BTO/WWT/RSPB/JNCC. 
 
Camphuysen, C.J. 1995. Herring Gull Larus argentatus and Lesser Black-backed 
Gull, L. fuscus feeding at fishing vessels in the breeding season: competitive 
scavenging versus efficient flying. Ardea, 83, 365-380 
 
Camphuysen, C.J. 1998. Beached bird surveys indicate decline in chronic oil 
pollution in the North Sea. Marine Pollution Bulletin, 36, 519-526. 
 
Camphuysen, C.J. 1989. Beached bird surveys in the Netherlands 1915-1988; 
Seabird mortality in the southern North Sea since the early days of Oil Pollution. 
Techn. Rapport Vogelbescherming 1, Werkgroep Noordzee, Amsterdam.  
 
Camphuysen, C. J., Berrevoets, C. M., Cremers, H. J. W. M., Dekinga, A., Dekker, 
R., Ens, B. J., van der Have, T. M., Kats, R. K. H., Kuiken, T., Leopold, M. F., van der 
Meer, J. & Piersma, T. 2002. Mass mortality of common eiders (Somateria 
mollissima) in the Dutch Wadden Sea, winter 1999/2000: starvation in a 
commercially exploited wetland of international importance. Biological conservation, 
106, 303-317 
 
Camphuysen, C. J., Fox, A. D., Leopold, M. F. & Petersen, I. K. 2004.Towards 
standardised seabirds at sea census techniques in connection with environmental 
impact assessments for offshore wind farms in the U. K. A Comparison of Ship and 
aerial sampling methods for marine birds, and their applicability to offshore wind farm 
assessments. Report to COWRIE 

Chandrasekara, W.U. & Frid, C.L.J. 1998. A laboratory assessment of the survival 
and vertical movement of two epibenthic gastropod species, Hydrobia ulvae 
(Pennant) and Littorina littorea (Linnaeus), after burial in sediment. Journal of 
Experimental Marine Biology and Ecology, 221, 191-207. 
 
Chesney, E.J. 1989. Estimating the food requirements of striped bass larvae Morone 
saxatilis: effects of light, turbidity and turbulence. Marine Ecology Progress Series, 
53, 191-200. 



   

 52 

 
Chicharo, L., Chicharo, M., Gaspar, M., Regala, J. & Alves, F. 2002. Reburial time 
and indirect mortality of Spisula solida clams caused by dredging. Fisheries 
Research, 59, 247-257. 
 
Christensen, T.K., Clausager, I. & Petersen, I.K. 2003. Base-line investigations of 
birds in relation to an offshore wind farm at Horns Rev, and results from the year of 
construction. NERI Report. 
 
Cooper, K., Boyd, S., Aldridge, J. & Rees, H. 2005a. Cumulative impacts of 
aggregate extraction on seabed macro-invertebrate communities in an area off the 
east coast of the United Kingdom. Journal of Sea Research, 57, 288-302. 
 
Cooper, K.M., Eggleton, J.D., Vize, S.J., Vanstaen, K., Smith, R., Boyd, S.E., Ware, 
S., Morris, C.D., Curtis, M., Limpenny, D.S. & Meadows, W.J. 2005b. MAPF 04/00 
Assessment of the re-habilitation of the seabed following marine aggregate dredging 
– part II. CEFAS Lowestoft. 
 
Cooper, K., Boyd, S., Eggleton, J., Limpenny, D., Rees, H. & Vanstaen, K. 2007. 
Recovery of the seabed following marine aggregate dredging on the Hastings 
Shingle Bank off the southeast coast of England. Estuarine, Coastal and Shelf 
Science, 75, 547-558. 
 
The Crown Estate. 2010. http://www.thecrownestate.co.uk/offshore_wind_energy 
(accessed 26/08/10). 
 
van Dalfsen, J.A., Essink, K., Toxvig Madsen, H., Birklund, J., Romero, J. & 
Manzanera, M. 2000. Differential response of macrozoobenthos to marine sand 
extraction in the North Sea and the Western Mediterranean. ICES Journal of Marine 
Science, 57, 1429-1445. 
 
D’Elbee, J. & Hemery, G. 1997. Diet and foraging behaviour of the British Storm 
Petrel Hydrobates pelagicus in the Bay of Biscay during summer. Ardea, 86, 1-10. 
 
Dall’Antonia, L., Gudmundsson, G.A. & Benvenuti, S. 2001. Time allocation and 
foraging pattern of chick-rearing Razorbills in Northwest Iceland. Condor, 103, 469-
480. 
 
Daunt, F., Benvenuti, S., Harris, M. P., Dall’Antonia, L., Elston, D. A. & Wanless, S. 
2002. Foraging strategies of the Black-legged Kittiwake Rissa tridactyla at a North 
Sea colony: evidence for a maximum foraging range. Marine Ecology Progress 
Series, 245, 239-247. 
 
de Groot, S.J. 1980. The consequences of marine gravel extraction on the spawning 
of herring, Clupea harengus Linne. Journal of Fish Biology, 16, 605-611. 
 
de Groot, S.J. 1996. The physical impact of marine aggregate extraction in the North 
Sea. ICES Journal of Marine Science. 53, 1051-1053. 
 



   

 53 

De Juan, S., Thrush, S.F. & Demestre, M. 2007. Functional changes of trawling 
disturbance on a benthic community located in a fishing ground (NW Mediterranean 
Sea). Marine Ecology Progress Series, 334, 117-129. 
 
Dearnaley, M., Feates, N. & Benson, T. 2009. The development of an instrument 
array to measure the concentration of silt and sand in the overflow from aggregate 
dredgers. HR Wallingford, Oxford. 
 
Dernie, K.M., Kaiser, M. J. & Warwick, R.M. 2003. Recovery rates of benthic 
communities following physical disturbance. Journal of Animal Ecology, 72, 1043-
1056. 
 
Desholm, M. & Kahlert, J. 2005. Avian collision risk at an offshore wind farm. Biology 
Letters. 1, 296-298. 
 
Desprez, M. 2000. Physical and biological impact of marine aggregate extraction 
along the French coast of the Eastern English Channel: short and long-term post-
dredging restoration. ICES Journal of Marine Science, 57, 1428-1438. 
 
Drewitt, A.L. & Langston, R.H.W. 2006. Assessing the impact of wind farms on birds. 
Ibis, 148, s29-s42. 
 
ECA & Emu Ltd. 2010. East Channel Regional Biological Monitoring (2009 Survey). 
Regional Shellfish Populations Derived from Scallop Dredge and Beam Trawl 
Surveys. Volume 1, Issue 5. 
 
ECA & RPS Energy. 2010. Herring Spawning Potential Report Series. Volume 1, 
Issue 2. 
 
Eleftheriou, A. & Robertson, M.R. 1992. The effects of experimental scallop dredging 
on the fauna and physical environment of a shallow sandy community. Netherlands 
Journal of Sea Research, 30, 289-299. 
 
Ellis, J., Cummings, V., Hewitt, J., Thrush, S. & Norkko, A. 2002. Determining effects 
of suspended sediment on condition of a suspension feeding bivalve (Atrina 
zelandica): results of a survey, a laboratory experiment and a field transplant 
experiment. Journal of Experimental Marine Biology and Ecology, 267, 147-174. 
 
Essink, K. 1999. Ecological effects of dumping of dredged sediments; options for 
management. Journal of Coastal Conservation, 5, 69-80. 
 
Exo, K.M., Hüppop, O. and Garthe, S. (2003) Birds and offshore wind farms: a hot 
topic in marine ecology. Wader Study Group Bulletin 100, 50-53. 
 
Fasola, M., Bogliani, G., Saino, N. & Canova, L. 1989. Foraging, feeding and time-
activity niches of eight species of breeding seabirds in the coastal wetlands of the 
Adriatic Sea. Italian Journal of Zoology. 56, 61-72. 
 



   

 54 

Fiksen, O., Utne, A.C.W., Aksnes, D.L., Eiane, K., Helvik, J.V. & Sudby, S. 1998. 
Modelling the influence of light, turbulence and ontogeny on ingestion rates in larval 
Cod and Herring. Fisheries Oceanography, 7, 355-363. 
 
Foden, J., Rogers, S.I. & Jones, A.P. 2009. Recovery rates of UK seabed habitats 
after cessation of aggregate extraction. Marine Ecology Progress Series, 390, 15-26. 
 
Fry, D.M. 1995. Reproductive effects in birds exposed to pesticides and industrial 
chemicals. Environmental Health Perspectives, 103, 165-171. 
 
Furness, R.W. & Tasker, M.L. 2000. Seabird-fishery interactions: quantifying the 
sensitivity of seabirds to reductions in sandeel abundance, and identification of key 
areas for sensitive seabirds in the North Sea. Marine Ecology Progress Series. 202, 
253-264. 
 
Furness, R.W., Ensor, K. & Hudson, A.V. 1992. The use of fishery waste by gull 
populations around the British Isles. Ardea, 80, 105-113. 
 
Garthe, S. & Hüppop, O. 2004. Scaling the possible adverse effects of marine wind 
farms on seabirds: developing and applying a vulnerability index. Journal of Applied 
Ecology, 41, 724-734. 
 
Garthe, S. & Hüppop, O. 1999. Effect of ship speed on seabird counts in areas 
supporting commercial fisheries. Journal of Field Ornithology, 70, 28-32. 
 
Garthe, S. 1997. Influence of hydrography, fishing activity, and colony location on 
summer seabird distribution in the south-eastern North Sea. ICES Journal of Marine 
Science, 54, 566-577. 
 
Garthe, S., Benvenuti, S. & Montevecchi, W. A. 2000. Pursuit diving in northern 
gannets feeding on capelin. Proceedings of the Royal Society of London: Series B, 
267, 1717-1722 
 
Garthe, S., Gremillet, D. & Furness, R.W. 1999. At-sea-activity and foraging 
efficiency in chick-rearing Northern Gannets, Sula bassana: a case study in 
Shetland. Marine Ecology Progress Series, 185, 93-99. 
 
Garthe, S., Montevecchi, W. A., Chapdelaine, G., Rail, J.-F. & Hedd, A. 2007. 
Contrasting foraging tactics by northern gannets (Sula bassana) breeding in different 
oceanographic domains with different prey fields. Marine Biology, 151, 687-694. 
 
Gaston, A. J. 2004. Seabirds a natural history. Helm, London. 
 
Gorke, M. & Brandl, R. 1986. How to live in colonies: spatial foraging strategies of the 
black-headed gull. Oecologia, 70, 288-290. 
 
Goudie, R.I. & Ankey, C.D. 1986. Body size, activity budgets and diets of se ducks 
wintering in Newfoundland. Ornis Scandinavica, 19, 249-256. 
 



   

 55 

Grant, J., Cranford, P. & Emerson, C. 1997. Sediment resuspension rates, organic 
matter quality and food utilization by Sea Scallops (Placopecten magellanicus) on 
Georges Bank. Journal of Marine Research, 55, 965-994. 
 
Gray, C.M. & Hamer, K.C. 2001. Food-provisioning behaviour of male and female 
Manx Shearwaters, Puffinus puffinus, Animal Behaviour, 62, 117-121. 
 

Gremillet, D., Kuntz, G., Gilbert, C., Woakes, A. J., Butler, P. J. & le Maho, Y. 2005. 
Cormorants dive through the Polar night. Biology Letters, 1, 469-471 
 
Gremillet, D., Pichegru, L., Siorat, F. & Georges, J.-Y. 2006. Conservation 
implications of the apparent mismatch between population dynamics and foraging 
effort in French Northern Gannets from the English Channel. Marine Ecology 
Progress Series, 319, 15-25. 
 
Gremillet, D. 1997. Catch per unit effort, foraging efficiency and parental investment 
in breeding Great Cormorants (Phalacrocorax carbo carbo). ICES Journal of Marine 
Science, 54, 635-644. 
 
Guildford, T.C., Meade, J., Freeman, R., Biro, D., Evans, T., Bonadonna, F., Boyle, 
B., Roberts, S. & Perrins, C.M. 2008. GPS tracking of the foraging movements of 
Manx Shearwaters Puffinus puffinus breeding on Skomer Island, Wales. Ibis, 150, 
462-473 . 
 
Guillemette, M. & Himmelman, J.H. 1996. Distribution of wintering Common Eiders 
over mussel beds: does the ideal free distribution apply? Oikos, 76, 435-442. 
 
Guse, N., Garthe, S. & Schirmeister, B. 2009. Diet of red-throated divers Gavia 
Stellata reflects the seasonal availability of Atlantic Herring Clupea harengus in the 
southwestern Baltic Sea. Journal of Sea Research, 62, 268-275. 
 
Hamer, K. C., Phillips, R. A., Wanless, S., Harris, M.P. & Wood, A.G. 2000. Foraging 
ranges, diets and feeding locations of Gannets Morus bassanus in the North Sea: 
evidence from satellite telemetry. Marine Ecology Progress Series, 200, 257-264. 
 

Hamer, K. C., Phillips, R. C., Hill, J. K., Wanless, S. & Wood, A. G. 2001. Contrasting 
foraging strategies of Gannets Morus bassanus at two North Atlantic colonies: 
foraging trip duration and foraging area fidelity. Marine Ecology Progress Series, 224, 
283-290 
 
Hamer, K. C., Humphreys, E. M., Garthe, S., Hennicke, J., Peters, G., Gremillet, D., 
Phillips, R. A., Harris, M. P. & Wanless, S. 2007. Annual variation in diets, feeding 
locations and foraging behaviour of gannets in the North Sea: flexibility, consistency 
and constraint. Marine Ecology Progress Series, 338, 295-305 
 
Hampton, S., Ford, R. G., Carter, H.R., Abraham, C. & Humple, D. 2003. Chronic 
oiling and seabird mortality from the sunken vessel S.S. Jacob Luckenbach in central 
California. Marine Ornithology, 31, 35-41. 
 



   

 56 

Harris, M.P. & Wanless, S. 1986. The food of young Razorbills on the Isle of May and 
a comparison with that of young Guillemots and Puffins. Ornis Scandinavica, 17, 41-
46 
 
Hasselaar, T. & Evans, J. 2010. Reduction of Environmental impact of dredging 
operations. MARIN, the Netherlands. 
 
Herron Baird, P. 1990. Concentrations of seabirds at oil-drilling rigs. Condor, 92, 768-
771. 
 
Heslenfeld, P. & Enserink, E. L. 2008. OSPAR Ecological Quality Objectives: the 
utility of health indicators for the North Sea. ICES Journal of Marine Science, 65, 
1392-1397. 
 

Highley, D. E., Hetherington, L. E., Brown, T. J., Harrison, D. J., Jenkins, G. O. 2007. 
The strategic importance of the marine aggregate industry to the UK. British 
Geological Survey Research Report, OR/07/019 
 
Holland, G.J., Greenstreet, S.P.R., Gibb, I.M., Fraser, H.M. & Robertson, M.R. 2005. 
Identifying Sandeel Ammodytes marinus sediment habitat preferences in the marine 
environment. Marine Ecology Progress Series, 303, 269-282. 
 
Holm, K.J. & Burger, A.E. 2002. Foraging behaviour and resource partitioning by 
diving birds during winter in areas of strong tidal currents. Waterbirds, 25, 312-325. 
 
Humphreys, E.M., Wanless, S. & Bryant, D.M. 2006. Stage-dependent foraging traits 
of breeding Black-legged Kittiwakes Rissa tridactyla: distinguishing behavioural 
responses to intrinsic and extrinsic factors. Journal of Avian Biology 37, 436-446.  
 
Jamieson, S.E., Robertson, G.J. & Gilchrist, H.G. 2001. Autumn and winter diet of 
long-tailed duck in the Belcher Islands, Nunavut, Canada. Waterbirds, 24, 129-132. 
 
Johnston, D.W. & Wildish, D.J. 1982. Avoidance of dredge spoil by Herring (Clupea 
harengus harengus). Bulletin of Environmental Contamination and Toxicology. 26. 
307-314. 
 
Kaaria, J., Rajasilta, M., Kurkilahti, M. & Soikkeli, M. 1997. Spawning bed selection 
by the Baltic Herring (Clupea harengus membras) in the Archipelago of SW Finland. 
ICES Journal of Marine Science, 54, 917-923. 
 
Kaiser, M.J. & Spencer, B.E. 1994. Fish scavenging in recently trawled areas. Marine 
Ecology Progress Series, 112, 41-49. 
 
Kaiser, M.J., Edwards, D.B., Armstrong, P.J., Radford, K., Lough, N.E.L., Flatt, R.P. 
& Jones, H.D. 1998. Changes in megafaunal benthic communities in different 
habitats after trawling disturbance. ICES Journal of Marine Science, 55, 353-361. 
 
Kaiser, M.J. 2002. Predicting the displacement of Common Scoter Melanitta nigra 
from benthic feeding areas due to offshore windfarms. Report to COWRIE. 



   

 57 

 
Kaiser, M.J. 2004. Predicting the displacement of Common Scoter Melanitta nigra 
from benthic feeding areas due to offshore windfarms. Report to the Crown Estate. 
 
Kaiser, M.J., Galanidi, M., Showler, D.A., Elliot, A.J., Caldow, R.W.G., Rees, E.I.S., 
Stillman, R. A. & Sutherland, W. J. 2006. Distribution and behaviour of Common 
Scoter Melanitta nigra relative to prey resources and environmental parameters. Ibis, 
148, 110-128.  
 
Kenny, A.J. & Rees, H.L.1994. The effects of marine gravel extraction on the 
macrobenthos: early post-dredging recolonization. Marine Pollution Bulletin, 28, 442-
447. 
 
Kenny, A.J. & Rees, H.L. 1996. The effects of marine gravel extraction on the 
macrobenthos: results 2 years post-dredging. Marine Pollution Bulletin, 32, 615-622. 
 
King, S., Maclean, I. M. D., Norman, T. & Prior, A. 2009. Developing Guidance on 
Ornithological Cumulative Impact Assessment for Offshore Wind Farm Developers. 
COWRIE 
 
Kotzerka, J., Garthe, S. & Hatch, S.A. 2009. GPS tracking devices reveal foraging 
strategies of Black-legged Kittiwakes. Journal of Ornithology, DOI 10.1007/s10336-
009-0479-y. 
 
Kube, J. 1996. Spatial and temporal variations in the population structure of the soft-
shell clam Mya arenaria in the Pomeranian Bay (southern Baltic Sea). Journal of Sea 
Research, 35, 335-344. 
 
Kubetzki, U. & Garthe, S. 2004. Distribution, diet and habitat selection by four 
sympatrically breeding gull species in the south-eastern North Sea. Marine Biology, 
143, 199-207. 
 
Lacroix, D.L., Boyd, S., Esler, D., Kirk, M., Lewis, T. & Lipovsky, S. 2005. Surf 
Scoters Melanitta perspicillata aggregate in association with ephemerally abundant 
polychaetes. Marine Ornithology, 33, 61-63. 
 
Langston, R.H.W. 2010. Offshore wind farms and birds: Round 3 zones, extensions 
to Round 1 & Round 2 sites & Scottish Territorial Waters. RSPB Research Report 
No. 39. 
 
Larsen. J.K. & Guillemette, M. 2000. Influence of annual variation in food supply on 
abundance of wintering Common Eiders Somateria mollissima. Marine Ecology 
Progress Series, 201, 301-309.  
 
Laursen, K., Asferg, K.S., Frikke, J. & Sunde, P. 2009. Mussel fishery affects diet and 
reduces body condition of Eiders Somateria mollissima in the Wadden Sea, Journal 
of Sea Research, 62, 22-30. 
 



   

 58 

Lewis, S., Sherrat, T.N., Hamer, K.C., Wanless, S. 2001. Evidence of intra-specific 
competition for food in a pelagic seabird. Nature, 412, 816-819. 
 
Maclean, I., Skov, H., Rehfisch, M. & Piper, W. 2006. Use of aerial surveys to detect 
bird displacement by offshore windfarms. BTO Research Report 446.  
 
Marine Ecological Surveys Ltd. (MES). 2007. MAPF 04/02a Predictive framework for 
the assessment of recoverability of marine benthic communities following cessation 
of aggregate dredging. Marine Ecological Surveys Ltd., Bath. 
 
Marine Ecological Surveys Ltd (MES). 2002. East Channel Region: Benthic 
Biological Resources: Technical Report prepared for Posford Haskoning. 
 
Martin, A.R. 1989. The diet of Atlantic Puffin Fratercula arctica and Northern Gannet 
Sula bassana chicks at a Shetland colony during a period of changing prey 
availability. Bird Study, 36, 170-180. 
 
Masden, E.A., Haydon, D.T., Fox, A.D., Furness, R.W., Bullman, R. & Desholm, M. 
2009. Barriers to movement: impacts of windfarms on migrating birds. ICES Journal 
of Marine Science, 66, 746-753. 
 
Merke, F.R. & Mosbech, A. 2008. Diurnal and nocturnal feeding strategies in 
Common Eiders. Waterbirds, 31, 580-586. 
 
Metoc. 2009. Aggregate Licence Renewal Application: Area 430 Environmental 
Statement, United Marine Dredging Ltd. and Cemex UK Marine Ltd., Report No. 
R1799. 
 
Miron, G., Boudreau, B., Bourget, E. 1995. Use of larval supply in benthic ecology: 
testing correlations between larval supply and larval settlement. Marine Ecology 
Progress Series, 124, 301-305. 
 
Mitschke, A., Garthe, S. & Hüppop, O. 2001. Erfassungd er Verbreitung, Hiiufigkeiten 
und Wanderungen von See- und Wasservogeln in der deutschenN ordseeu nd 
Entwicklunge inesK onzeptesz ur Umsetzung internationale Naturschutzziel. Be.f N-
Skripten 34, Bonn-Bad Godesberg. 
 
Monaghan, P., Uttley, J. D., Burns, M. D., Thaine, C. & Blackwood, J. 1989. The 
relationship between food supply, reproductive effort and breeding success in Arctic 
Terns Sterna paradisaea. Journal of Animal Ecology, 58, 261-274. 
 
Morton, B. 1996. The subsidiary impacts of dredging (and trawling) on a sublittoral 
benthic molluscan community in the southern waters of Hong Kong. Marine Pollution 
Bulletin¸ 32, 701-710. 
 
Natural England. 2009a. Liverpool Bay / Bae Lerpwl pSPA. Draft conservation 
objectives and advice on operations.  
 



   

 59 

Natural England. 2009b. Offshore Potential Special Protection Area: Outer Thames 
Estuary. Draft conservation objectives and advice on operations. 
 
Navarette, S.A. & Wieters, E.A. 2000. Variation in barnacle recruitment over small 
scales: larval predation by adults and maintenance of community pattern. Journal of 
Experimental Marine Biology and Ecology, 253, 131-148. 
 
Nayar, S., Goh, B.P.L. & Chou, L.M. 2004. Environmental impact of heavy metals 
from dredged and resuspended sediments on phytoplankton and bacteria assessed 
in in situ mesocosms. Ecotoxicology and Environmental Safety, 59, 349-369 . 
 
Newell, R.C., Seiderer, L.J., Simpson, N.M. & Robinson, J.E. 2004. Impacts of 
marine aggregate dredging on benthic macrofauna off the south coast of the United 
Kingdom. Journal of Coastal Research, 20, 115-125. 
 
Newell, R.C., Seiderer, L.J. & Robinson, J.E. 1999. Organic enrichment associated 
with outwash from marine aggregates dredging: a probable explanation for surface 
sheens and enhanced benthic production in the vicinity of dredging operations. 
Marine Pollution Bulletin, 38, 809-818. 
 
Newton, I. & Little, B. 2009. Assessment of wind-farm and other bird casualties from 
carcasses found on a Northumbrian beach over an 11-year period. Bird Study, 56, 
158-167. 
 
O’Brien, S.H., Wilson, L.J., Webb, A. & Cranswick, P.A. 2008. Revised estimate of 
numbers of wintering Red-throated Divers Gavia stellata in Great Britain. Bird Study, 
55, 152-160. 
 
O’Neill, F. G., Summerbell, K. & Breen, M. 2008. The suspension of sediment by 
scallop dredges. Fisheries Research Services, Aberdeen.  
 
Osman, R.W. & Whitlatch, R.B. 1995. The influence of resident adults on recruitment: 
a comparison to settlement. Journal of Experimental Marine Biology and Ecology, 
190, 169-198. 
 
Osman, R.W. & Whitlatch, R.B. 2004. The control of the development of a marine 
benthic community by predation on recruits. Journal of Experimental Marine Biology 
and Ecology, 311, 117-145. 
 
Pawlik, J.R. 1992. Chemical Ecology of the settlement of benthic marine 
invertebrates. Oceanographic Marine Biology Annual Reviews, 30, 273-335. 
 
Pearce, B. 2008. MAPF 04/02b The significance of benthic communities for higher 
levels of the marine food-web at aggregate dredge sites using the ecosystem 
approach. Marine Ecological Surveys Ltd., Bath. 
 
Perrow, M., Skeate, E.R., Lines, R. & Brown, D. 2006. Radio telemetry as a tool for 
impact assessment of wind farms: the case of Little Terns Sterna albifrons at Scroby 
Sands, Norfolk, UK. Ibis, 148, s57-s75. 



   

 60 

 
Piatt, J.F. & Nettleship, D.N. 1985. Diving depths of four alcids. Auk, 102, 293-297. 
 
Pieters, A., van Parys, M., Dumon, G. & Speleers, L. 2002. Chemical monitoring of 
maintenance dredging operations at Zeebrugge. Terra et Aqua, 86, 3-10. 
 
Platteeuw, M., Koffijberg, K. & Dubbeldam, W. 1995. Growth of Cormorant 
Phalacrocorax carbo sinensis chicks in relation to brood size, age ranking and 
parental fishing effort. Ardea, 83, 235-245. 
 
Poot, M. 2003. Offshore foraging of Mediterranean Gulls Larus melanocephalus in 
Portugal during the winter. Atlantic Seabirds, 5, 1-12. 
 
Posford Haskoning. 2002. East Channel Association Regional Environmental 
Assessment. 
 
Powilleit, M., Graf, G., Kleine, J., Riethmuller, R., Stockmann, K., Wetzel, M. A. & 
Koop, J. H. E. 2009. Experiments on the survival of six brackish macro-invertebrates 
from the Baltic sea after dredged spoil coverage and its implications for the field. 
Journal of Marine Systems, 75, 441-451. 
 
Qian, P. Y. 1999. Larval settlement polychaetes. Hydrobiologia, 402, 239-253. 
 
Ramsay, K., Kaiser, M.J. & Hughes, R.N. 1998. Responses of benthic scavengers to 
fishing disturbance by towed gears in different habitats. Journal of Experimental 
Marine Biology and Ecology, 224, 73-89. 
 
Rindorf, A., Wanless, S. & Harris, M.P. 2000. Effects of changes in sandeel 
availability on the reproductive output of seabirds. Marine Ecology Progress Series, 
202, 241-252. 
 
Robinson, J.E., Newell, R.C., Seiderer, L.J. & Simpson, N.M. 2005. Impacts of 
aggregate dredging on sediment composition and associated benthic fauna at an 
offshore dredge site in the southern North Sea. Marine Environmental Research. 60. 
51-68. 
 
Rock, J.C., Leonard, M.L. & Boyne, A.W. 2007. Foraging habitat and chick diets of 
Roseate Tern, Sterna dougallii, breeding on Country Island, Nova Scotia. Avian 
Conservation and Ecology, 2, 4. 
 
Rodriguez, S.R., Ojeda, F.P. & Inestrosa, N.C. 1993. Settlement of benthic 
invertebrates. Marine Ecology Progress Series, 97, 193-207. 
 
Ross, P.G. & Luckenbach, M.W. 2009. Distribution, habitat characteristics, prey 
abundance and diet of Surf Scoters (Melanitta perspicillata) and Long-tailed Ducks 
(Clangula hyemalis) in polyhaline wintering habitats in the mid-Atlantic region: a 
comparison of shallow coastal lagoons and Chesapeake Bay environs. Eastern 
Shore Laboratory, Virginia Institute of Marine Science, College of William and Mary, 
Wachapreague, VA. 



   

 61 

 
Roycroft, D., Kelly, T.C. & Lewis, L.J. 2004. Birds, seals and the suspension culture 
of mussels in Bantry Bay, a non-seaduck area in Southwest Ireland Estuarine, 
Coastal and Shelf Science, 61, 703-712. 
 
Ruddock, M. & Whitfield, D.P. 2008. A review of Disturbance Distances in Selected 
Bird Species. A report from Natural Research (Projects) Ltd. to Scottish Natural 
Heritage. 
 
Santos, S. L. & Simon, J. L. 1980. Marine soft-bottom community establishment 
following annual defaunation: larval or adult recruitment? Marine Ecology Progress 
Series, 2, 235-241. 
 
Schwemmer, P. & Garthe, S. 2005. At-sea distribution and behaviour of a surface-
feeding seabird, the Lesser Black-backed Gull Larus fuscus, and its association with 
different prey. Marine Ecology Progress Series, 285, 245-258. 
 
Schwemmer, P. & Garthe, S. 2006. Spatial patterns in at-sea behaviour during spring 
migration by Little Gulls in the southeastern North Sea. Journal of Ornithology, 147, 
354-366. 
 
Seys, J., Offringa, H., Van Waeyenberge, J., Meire, P., Vincx, M. & Kuijken, E. 2001. 
Distribution patterns of seabirds in Belgian marine waters. In: Seys J. Sea- and 
coastal bird data as tools in the policy and management of Belgian marine waters. 
PhD-thesis, University of Gent, Gent. 
 
Sibly, R.M. & McCleery, R.H. 1983. The distribution between feeding sites of Herring 
Gulls breeding at Walney Island, U. K. Journal of Animal Ecology, 52, 51-68. 
 
Skov, H. & Durinck, J. 2001. Seabird attraction to fishing vessels is a local process. 
Marine Ecology Progress Series, 214, 289-298. 
 
Slabbekoorn, H., Bouton, N., van Opzeeland, I., Coers, A., ten Cate, C. & Popper, A. 
N. 2010. A noisy spring: the impact of globally rising underwater sound levels on fish. 
Trends in Ecology and Evolution, 7, 419-427. 
 
Smith, R., Boyd, S.E., Rees, H.L., Dearnaley, M.P. & Stevenson, J.R. 2006. Effects 
of dredging activity on epifaunal communities – Surveys following cessation of 
dredging. Estuarine, Coastal and Shelf Science, 70, 207-223. 
 
Sonntag, N., Garthe, S. & Adler, S. 2009. A freshwater species wintering in a 
brackish environment: Habitat selection and diet of Slavonian Grebes in the southern 
Baltic Sea. Estuarine, Coastal and Shelf Science, 84, 186-194. 
 
Stelzenmuller, V., Rogers, I. & Mills, C. M. 2008. Spatio-temporal patterns of fishing 
pressure on UK marine landscapes and their implications for spatial planning and 
management. ICES Journal of Marine Science, 65, 1081-1091 
 



   

 62 

Stienen, E., Courtens, W., Everaert, J., Van de Walle, M., Stienen, E.W.M. 2008. 
Sex-biased mortality of common terns in wind farm collisions. Condor, 110, 154-157. 
 
Stone, C.J., Webb, A. & Tasker, M.L.1995. The distribution of auks and 
Procellariiformes in north-west European waters in relation to depth of sea. Bird 
Study, 42, 50-56. 
 
Stroud, D.A., Chambers, D., Cook, S., Buxton, N., Fraser, B., Clement, P., Lewis, P., 
McLean, I., Baker, H. & Whitehead, S. 2001 The UK SPA network: its scope and 
content. JNCC, Peterborough, UK. 
 
Su S.H., Pearlman N.L.C., Rothrock J.A., Iannuzzi T.J. & Finley B.L. 2002. Potential 
long-term ecological impacts caused by disturbance of contaminated sediments: A 
case study Environmental Managemen,.29, 234-249. 
 
Sundberg, K. & Kennedy, V. S. 1993. Larval settlement of the Atlantic Rangia, 
Rangia cuneata (Bivalvia: Mactridae). Estuaries and Coasts, 16, 1559-2723. 
 
Sundberg, H., Hanson, M., Liewenborg, B., Zebuhr, Y., Broman, D. & Balk, L. 2007. 
Dredging associated effects: maternally transferred pollutants and DNA adducts in 
feral fish. Environmental Science and Technology, 41, 2972-2977. 
 
Sutton, G. & Boyd, S. (Eds.). 2009. Effects of Extraction of Marine Sediments on the 
Marine Environment 1998-2004. ICES Cooperative Research Report No. 297. 
 
Tasker, M. L., Hope-Jones, P., Dixon, T. & Wallis, A. W. 1986. Seabirds associated 
with oil production platforms in the North Sea. Ringing and Migration, 7, 7-14. 
 
Thaxter, C. B., Daunt, F., Hamer, K. C., Watanuki, Y., Harris, M. P., Gremillet, D., 
Peters, G. & Wanless, S. 2009. Sex-specific food provisioning in a monomorphic 
seabird, the Common Guillemot Uria aalge: nest defence, foraging efficiency or 
parental effort? Journal of Avian Biology, 40, 75-84. 
 
Thaxter, C. B. & Burton, N. H. K. 2009. High definition imagery for surveying seabirds 
and marine mammals: a review of recent trials and development of protocols. British 
Trust for Ornithology report commissioned by Cowrie Ltd. 
 
Thaxter, C.B., Wanless, S., Daunt, F., Harris, M.P., Benvenuti, S., Watanuki, Y., 
Gremillet, D. & Hamer, K. C. 2010. Influence of wing loading on the trade-off between 
pursuit-diving and flight in Common Guillemots and Razorbills. Journal of 
Experimental Biology, 213, 1018-1025. 
 
Thomsen, F., McCully, S., Wood, D., Pace, F. & White, P. 2009. A generic 
investigation into noise profiles of marine dredging in relation to the acoustic 
sensitivity of the marine fauna in UK waters with particular emphasis on aggregate 
dredging: PHASE 1 Scoping and review of key issues. MEPF/08/P21, CEFAS 
Lowestoft. 
 



   

 63 

Uttley, J.D., Monaghan, P. & White, S. 1989. Differential effects of reduced sandeel 
availability on two sympatrically breeding species of tern. Ornis Scandinavica, 20, 
273-277. 
 
van der Kooij, J., Scott, B. E. & Mackinson, S. 2008. The effects of environmental 
factors on daytime sandeel distribution and abundance on the Dogger Bank. Journal 
of Sea Research, 60, 201-209. 
 
van Gils, J.A., Piersma, T., Dekinga, A., Spaans, B. & Kraan, C. 2006. Shellfish 
dredging pushes a flexible avian top predator out of a marine protected area. PLoS 
Biology, 4, e376. 
 
Veale, L.O., Hill, A.S., Hawkins, S.J. & Brand, A.R. 2000. Effects of long-term 
physical disturbance by commercial scallop fishing on subtidal epifaunal 
assemblages and habitats. Marine Biology, 137, 325-337. 
 
Verhulst, S., Oosterbeek, K., Rutten, A.L. & Ens, B.J. 2004. Shellfish fishery severely 
reduces condition and survival of Oystercatchers despite creation of large marine 
protected areas. Ecology and Society, 9, 17. 
 
Votier S.C., Hatchwell B.J., Beckerman A., McCleery R.H., Hunter F.M., Pellatt J., 
Trinder M. & Birkhead T.R. 2005. Oil pollution and climate have wide-scale impacts 
on seabird demographics. Ecology Letters 8, 1157-1164. 
 
Wanless, S., Harris, M. P. & Morris, J. A. 1990. A comparison of feeding areas used 
by individual Common Murres (Uria aalge), Razorbills (Alca torda) and an Atlantic 
Puffin (Fratercula arctica) during the breeding season. Colonial Waterbirds, 13, 16-
24. 
 
Wanless, S., Harris, M. P. & Morris, J.A. 1991. Foraging range and feeding locations 
of shags Phalacrocorax aristotelis during chick rearing. Ibis, 133, 30-36 
 
Wanless, S., Harris, M.P. & Greenstreet, S.P.R. 1998. Summer sandeel consumption 
by seabirds breeding in the Firth of Forth, south-east Scotland. ICES Journal of 
Marine Science, 55, 1141-1151. 
 
Wanless, S., Harris, M.P., Redman, P. & Speakman, J.R. 2005. Low energy values 
of fish as a probable cause of a major seabird breeding failure in the North Sea. 
Marine Ecology Progress Series, 294, 1-8. 
 
Watanuki, Y., Daunt, F., Takahashi, A., Newell, M., Wanless, S., Katsufumi, S. & 
Miyazaki, N. 2008. Microhabitat use and prey capture of a bottom-feeding top 
predator, the European Shag, shown by camera loggers. Marine Ecology Progress 
Series, 356, 283-293. 
 
Weimerskirch, H., Chastel, O., Cherel, Y., Henden, J.-A. & Tveraa, T. 2001. Nest 
attendance and foraging movements of Northern Fulmars rearing chicks at Bjornoya 
Barents Sea. Polar Biology, 24, 83-88. 
 



   

 64 

White, C.R., Day, N., Butler, P.J. & Martin, G.R. 2007. Vision and foraging in 
Cormorants: more like herons than hawks? PLoS One, 2, e639. 
 
White, T. P., Veit, R. R. & Perry, M. C. 2009. Feeding ecology of Long-tailed Ducks 
Clangula hyemalis wintering on the Nantucket Shoals. Waterbirds, 32, 293-299. 
 
Whitlatch, R.B., Lohrer, A.M., Thrush, S.F., Pridmore, R.D., Hewitt, J.E., Cummings, 
V.J. & Zajac, R.N. 1998. Scale-dependent benthic recolonization dynamics: life 
stage-based dispersal and demographic consequences. Hydrobiologia, 375, 217-
226. 
 
Wiese, F.K., Montevecchi, W.A., Davoren, G.K., Huettmann, F., Diamond, A.W. & 
Linke, J. 2001. Seabirds at risk around offshore oil platforms in the North-west 
Atlantic. Marine Pollution Bulletin, 42, 1285-1290. 
 
Wiese, F.K. & Robertson, G.J. 2004. Assessing seabird mortality from chronic oil 
discharges at sea. Journal of Wildlife Management, 68, 627-638. 
 
Williams, J.M., Tasker, M.L., Carter, I.C. & Webb, A. 1994. A method of assessing 
seabird vulnerability to surface pollutants. Ibis, 137, S147-S152. 
 
Wright, P.J. & Begg, G.S. 1997. A spatial comparison of Common Guillemots and 
sandeels in Scottish waters, ICES Journal of Marine Science, 54, 578-592. 
 
Wright, P.J., Jensen, H. & Tuck, I. 2000. The influence of sediment type on the 
distribution of the Lesser Sandeel, Ammodytes marinus. Journal of Sea Research, 
44, 243-256. 
 
Wu, R.S.S. & Shin, P.K.S. 1997. Sediment characteristics and colonization of soft-
bottom benthos: a field manipulation experiment. Marine Biology, 128, 475-487. 
Zydelis, J. H. & Ruskyte, D. 2005. Winter foraging of Long-tailed Ducks (Clangula 
hyemalis) exploiting different benthic communities in the Baltic Sea. Wilson Bulletin, 
117, 133-141. 
 
Zydelis, R., Esler, D., Boyd, W.S., Lacroix, D.L. & Kirk, M. 2006. Habitat use by 
wintering Surf and White-Winged Scoters: effects of environmental attributes and 
shellfish aquaculture. Journal of Wildlife Management, 70, 1754-1762.  
 

 
 



   

 65 

Tables 
 
 

 

 

 

Sensitivity 

1 2 3 4 5 

E
x
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o

s
u

re
 

1 
VERY 
LOW 

VERY 
 LOW 

VERY 
 LOW 

VERY 
 LOW 

LOW 

2 
VERY 
LOW 

VERY 
 LOW 

LOW LOW MODERATE 

3 
VERY 
LOW 

LOW LOW MODERATE HIGH 

4 
VERY 
LOW 

LOW MODERATE HIGH 
VERY  
HIGH 

5 LOW MODERATE HIGH 
VERY  
HIGH 

VERY 
 HIGH 

 

Table 2.1 The combined assessment of Exposure and Sensitivity to provide a 
measure of Vulnerability to an issue associated with marine aggregate dredging. 
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Direct 

Shipping 

Indirect 

Disturbance Turbidity 
Deposition of Re-

suspended Sediment 

Impact on Benthos 
and Fish 

Communities 

E S E S E S E S E S 

Eider Duck 3 3 4 3 4 3 4 5 3 2 
Long-tailed 
Duck 

3 3 3 3 3 3 3 3 3 2 

Common 
Scoter* 

3 5 4 3 4 5 4 5 3 4 

Velvet Scoter 3 5 3 3 3 5 3 5 3 4 
Red-throated 
Diver* 

5 4 5 3 5 4 5 3 5 3 

Manx 
Shearwater 

4 2 4 1 4 2 4 1 4 1 

European 
Storm Petrel 

2 2 2 1 2 2 2 1 2 1 

Northern 
Gannet 

3 2 3 3 3 2 3 1 3 1 

Great 
Cormorant 
(breeding) 

2 4 2 3 4 4 2 3 2 2 

Great 
Cormorant 
(Winter) 

2 4 4 3 4 4 4 3 2 2 

European 
Shag 

2 4 2 3 2 4 2 3 2 3 

Slavonian 
Grebe 

4 3 4 3 4 3 4 3 4 1 

Black-headed 
Gull 

1 2 4 1 4 2 4 1 1 2 

Mediterranean 
Gull 

5 2 5 1 5 2 5 1 5 1 

Lesser Black-
backed Gull 

3 2 5 1 5 2 5 1 3 1 
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Herring Gull 3 2 3 1 3 2 3 1 3 1 
Great Black-
backed Gull 

1 2 1 1 2 2 1 1 1 1 

Black-legged 
Kittiwake 

2 2 2 1 2 2 2 3 2 2 

Little Tern 2 2 4 5 4 2 4 3 2 4 
Sandwich 
Tern 

2 2 3 5 3 2 3 3 2 5 

Common Tern 2 2 3 5 3 2 3 3 2 4 
Roseate Tern 2 2 2 5 3 2 2 3 2 5 
Arctic Tern 2 2 2 5 2 2 2 3 2 5 
Common 
Guillemot 

2 3 2 5 2 3 2 3 2 3 

Razorbill 2 3 2 5 2 3 2 3 2 3 
Atlantic Puffin 2 2 2 5 2 2 2 3 2 3 

 

Table 4.1 Species vulnerability to the issues associated with marine aggregate dredging, based on combined exposure (E) and 
sensitivity (S) scores. Vulnerability indicated by colours as follows: Very Low Low Moderate High Very High 
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Figure 4.1 Distribution of Eider Duck Somateria in relation to marine aggregate 
extraction operations 
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Figure 4.2 Distribution of Long-tailed Duck Clangula hyemalis in relation to marine 
aggregate extraction operations 
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Figure 4.3 Distribution of Common Scoter Melanitta nigra in relation to marine 
aggregate extraction operations 
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Figure 4.4 Distribution of Velvet Scoter Melanitta fusca in relation to marine 
aggregate extraction operations 
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Figure 4.5 Distribution of Red-throated Diver Gavia stellata in relation to marine 
aggregate extraction operations 
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Figure 4.6 Distribution of Manx Shearwater Puffinus puffinus in relation to marine 
aggregate extraction operations 
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Figure 4.7 Distribution of European Storm Petrel Hydrobates pelagicus in relation to 
marine aggregate extraction operations 
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Figure 4.8 Distribution of Northern Gannet Morus bassanus in relation to marine 
aggregate extraction operations 
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Figure 4.9 Distribution of Great Cormorant Phalacrocorax carbo during the breeding 
season in relation to marine aggregate extraction operations 
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Figure 4.10 Distribution of Great Cormorant Phalacrocorax carbo over winter in 
relation to marine aggregate extraction operations 
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Figure 4.11 Distribution of European Shag Phalacrocorax aristotelis in relation to 
marine aggregate extraction operations 
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Figure 4.12 Distribution of Slavonian Grebe Podiceps auritus in relation to marine 
aggregate extraction operations 
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Figure 4.13 Distribution of Black-headed Gull Chroicocephalus ridibundus in relation 
to marine aggregate extraction operations 
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Figure 4.14 Distribution of Mediterranean Gull Larus melanocephalus in relation to 
marine aggregate extraction operations 
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Figure 4.15 Distribution of Lesser Black-backed Gull Larus fuscus in relation to 
marine aggregate extraction areas 
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Figure 4.16 Distribution of Herring Gull Larus argentatus in relation to marine 
aggregate extraction areas 
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Figure 4.17 Distribution of Great Black-backed Gull Larus marinus in relation to 
marine aggregate extraction areas 
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Figure 4.18 Distribution of Black-legged Kittiwake Rissa tridactyla in relation to 
marine aggregate extraction areas 
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Figure 4.19 Distribution of Little Gull Hydrocoloeus minutus in relation to marine 
aggregate extraction areas 
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Figure 4.20 Distribution of Little Tern Sterna albifrons in relation to marine aggregate 
extraction areas 
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Figure 4.21 Distribution of Sandwich Tern Sterna sandvicensis in relation to marine 
aggregate extraction areas 
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Figure 4.22 Distribution of Common Tern Sterna hirundo in relation to marine 
aggregate extraction areas 
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Figure 4.23 Distribution of Roseate Tern Sterna dougalii in relation marine aggregate 
extraction areas 
 



   

 91 

 

 

 
Figure 4.24 Distribution of Arctic Tern Sterna paradisaea in relation to marine 
aggregate extraction operations 
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Figure 4.25 Distribution of Common Guillemot Uria aalge in relation to marine 
aggregate extraction areas 
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Figure 4.26 Distribution of Razorbill Alca torda in relation to marine aggregate 
extraction areas 
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Figure 4.27 Distribution of Atlantic Puffin Fratercula arctica in relation to marine 
aggregate extraction areas 
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Figure 4.28 Relative ecological vulnerability of marine aggregate extraction areas 
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Figure 4.29 Distribution of Marine SPAs, potential Marine SPAs and areas of search 
for Marine SPAs in relation to marine aggregate extraction areas 
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Species Affected SPAs Representative Foraging 
Range and Source 

Eider Duck 
Somateria mollissima 

 
Firth of Forth (nb); Morecambe Bay (nb) 

 
 

Long-tailed Duck 
Clangula hyemalis 

 
Firth of Forth (nb) 

 
 

Common Scoter 
Melanitta nigra 

 
Firth of Forth (nb); North Norfolk Coast (nb); Ribble and Alt 

Estuaries (nb); Carmarthen Bay/Bae Caerfyrddin (nb); Liverpool 
Bay/Bae Lerpwl pSPA 

 

 

Velvet Scoter 
Melanitta fusca 

 
North Norfolk Coast (nb) 

 
 

Red-throated Diver 
Gavia Stellata 

 
Firth of Forth (nb) 

 
 

Manx Shearwater 
Puffinus puffinus 

 
Skomer & Skokholm (b); Glannau Aberdaron and Ynys Enlli (b) 

 

330 km (Guildford et al. 
2008) 

European Storm Petrel 
Hydrobates pelagicus 

 
Skomer & Skokholm (b) 

 

< 50 km (Furness & 
Tasker 2000) 

Northern Gannet 
Morus bassanus 

 
Firth of Forth Islands (b); Flamborough Head and Bempton Cliffs 

(b); Grassholm (b) 
 

223 km (Hamer et al. 
2000) 

 
 

 
 

 
 

Appendix 
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Great Cormorant  
Phalacrocorax carbo 

Ynys Seriol (b); Abberton Reservoir (b & nb); Blackwater Estuary 
(nb); Breydon Water (nb); Chichester and Langstone Harbours 

(nb); Colne Estuary (nb); Dengie (nb); Firth of Forth (nb); Humber 
Flats, Marshes and Coast (nb); Medway Estuary and Marshes (nb); 
Mersey Narrows and North Wirral Foreshore (nb); Morecambe Bay 
(nb); North Norfolk Coast (nb); Ouse Washes (nb); Poole Harbour 
(nb); Ribble and Alt Estuaries (nb); Rutland Water (nb); Solent and 
Southampton Water (nb); Stour and Orwell Estuaries (nb); The Dee 

Estuary (nb); The Swale (nb); The Wash (nb) 
 

 
 
 

20 km (Platteuw 1995) 

European Shag 
Phalacrocorax aristotelis 

 
Firth of Forth Islands (b); Isles of Scilly (b); St Abbs Head to Fast 

Castle (b) 
 

10 km (Wanless et al. 
1998; Furness & Tasker 

2000) 

Slavonian Grebe 
Podiceps auritus 

 
Firth of Forth (nb) 

 
 

Black-headed Gull 
Chroicocephalus 
ridibundus 

 
Alde-Ore Estuary (b); Ribble and Alt Estuaries (b) 

 

15 km (Brandl & Gorke 
1988) 

Mediterranean Gull 
Larus melanocephalus 

 
Dungeness to Pett Level (b); North Norfolk Coast (b); Poole 

Harbour (b); Solent and Southampton Water (b); The Swale (b) 
 

75 km (Poot 2003) 

Lesser Black-backed 
Gull 
Larus fuscus 

 
Alde-Ore Estuary (b); Bowland Fells (b); Firth of Forth Islands (b); 

Isles of Scilly (b); Morecambe Bay (b); Ribble and Alt Estuaries (b); 
Skomer and Skokholm (b) 

 

20 km (Furness & Tasker 
2000) 

Herring Gull 
Larus argentatus 

 
Alde-Ore Estuary (b); Firth of Forth Islands (b); Flamborough Head 

10 km (Furness & Tasker 
2000) 
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and Bempton Cliffs (b); Morecambe Bay (b); St Abbs Head to Fast 
Castle (b) 

 
Great Black-backed 
Gull 
Larus marinus 

 
Isles of Scilly (b) 

 

10 km (Furness & Tasker 
2000) 

Black-legged Kittiwake 
Rissa tridactyla 

 
Firth of Forth Islands (b); Flamborough Head and Bempton Cliffs 
(b); Skomer and Skokholm (b); St Abbs Head to Fast Castle (b) 

 

50 km (Furness & Tasker 
2000) 

Little Tern 
Sterna albifrons 

 
Alde-Ore Estuary (b); Benacre to Easton Bavents (b); Blackwater 

Estuary (b); Chesil Beach and the Fleet (b); Chichester and 
Langstone Harbours (b); Colne Estuary (b); Dungeness to Pett 

Level (b); Foulness (b); Gibraltar Point (b); Great Yarmouth North 
Denes (b); Hamford Water (b); Humber Flats, Marshes and Coast 
(b); Medway Estuary and Marshes (b); Minsmere-Walberswick (b); 
Morecambe Bay (b); North Norfolk Coast (b); Pagham Harbour (b); 

Solent and Southampton Water (b) 
 

4.6 km (Perrow et al. 
2006) 

Sandwich Tern 
Sterna sandvicensis 

 
Alde-Ore Estuary (b); Chichester and Langstone Harbours (b); 

Duddon Estuary (b); Firth of Forth Islands (b); Foulness (b); 
Morecambe Bay (b); North Norfolk Coast (b); Solent and 

Southampton Water (b); Firth Of Forth (p); The Dee Estuary (p) 
 

10 km (Furness & Tasker 
2000) 

Common Tern 
Sterna hirundo 

 
Breydon Water (b); Dungeness to Pett Level (b); Firth of Forth 

Islands (b); Foulness (b); North Norfolk Coast (b); Poole Harbour 
(b); Ribble and Alt Estuaries (b); Solent and Southampton Water 
(b); the Dee Estuary (b); the Wash (b); Ynys Feurig, Cemlyn Bay 

6.3 km (Becker et al. 
1993) 
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and the Skerries (b) 
 

 
Roseate Tern 
Sterna dougallii 

 
Firth of Forth Islands (b); North Norfolk Coast (b); Solent and 

Southampton Water (b); Ynys Feurig, Cemlyn Bay and the Skerries 
(b) 

 

 
6.9 km (Rock et al. 2007) 

Arctic Tern 
Sterna paradisaea 

 
Firth of Forth Islands (b); Ynys Feurig, Cemlyn Bay and the 

Skerries (b) 
 

30 km (Black & Diamond 
2005) 

Common Guillemot 
Uria aalge 

 
Firth of Forth Islands (b); Flamborough Head and Bempton Cliffs 
(b); Skomer and Skokholm (b); St Abbs Head to Fast Castle (b) 

 

14.4 km (Thaxter et al. 
2008, 2009) 

Razorbill 
Alca torda 

 
Firth of Forth Islands (b); Flamborough Head and Bempton Cliffs 
(b); Skomer and Skokholm (b); St Abbs Head to Fast Castle (b) 

 

18.4 km (Thaxter et al. 
2010) 

Atlantic Puffin 
Fratercula arctica 

 
Firth of Forth Islands (b); Flamborough Head and Bempton Cliffs 

(b); Skomer and Skokholm (b) 
 

50 km (Furness & Tasker 
2000) 

 
Appendix 1.  Species and SPAs likely to be affected by marine aggregate extraction and the representative foraging 

range for each species. The type of population for which the species is designated in each SPA is also given 
(b = breeding, nb = non-breeding, p = passage). 
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