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Executive Summary 
 
The primary aim of this project was to provide guidance on a range of techniques for 
detecting and mapping biogenic and cobble reef habitats, with a particular focus on 
Sabellaria spinulosa reef. The underlying assumption of the project is that all habitat 
mapping surveys would consists of a combination of remote sensing and ground truthing as 
sampling on its own does not give sufficient coverage for mapping and remotely sensed data 
cannot be interpreted without adequate ground truthing. This fundamental principle of habitat 
mapping has been developed in the INTERREG Programme “Mapping European Seabed 
Habitats” (MESH).  
 
Biogenic reef, such as that constructed by the Ross worm S. spinulosa, is of great 
importance for the conservation management of an area because of their contribution to 
biodiversity and ecosystem function. S. spinulosa is not an obligatory reef-builder and is 
often widely scattered as a minor component of the biota. However, as densities increase, 
the reef features are expressed to a greater degree. Worm tubes grow upwards away from 
the seafloor to form raised structures. Reefs also vary widely in their extent and coverage 
ranging from isolated clumps to more consolidated structures covering significant areas. 
Additionally, reefs appear to be temporally variable with some reefs persisting for many 
years whilst others are more ephemeral. Assessing reef development has been the subject 
of a number of studies (Gubbay, 2007; Hendrick and Foster-Smith, 2006; Pearce et al., 
2007). 
 
Despite their spatial and temporal variability it is important to be able to detect the presence 
of reefs and, once detected, to map their degree of development and extent through survey. 
If a particular reef is then considered worthy of protection and special management, it may 
be a requirement to monitor its condition through regular re-survey.  
 
This report summarises the literature on the biology of S. spinulosa and some of the 
evidence for spatial and temporal variability as a precursor to the field work undertaken as 
part of the project to test and compare a range of techniques to remotely sense and sample 
Sabellaria reef habitats. A selection of the results is presented to illustrate the main 
conclusions regarding the techniques. 
 
The techniques chosen for inclusion in the field testing and review include all the primary 
tools regularly used for environmental surveys. These included single beam Acoustic 
Ground Discrimination Systems (AGDS), sidescan sonar and swath bathymetric systems. 
Where possible, more than one system has been used. There has been a particular 
emphasis on sidescan sonar systems because of their presumed superiority of the resolution 
over other techniques. Sampling techniques have focused on video/camera systems and 
grab sampling. Experience of other tools has been included where appropriate and 
available. The different techniques were described in detail and the effectiveness of each 
method was assessed against a number of characteristic features or potential measures of a 
S. spinulosa reef community.  
 
The various remote sensing and sampling techniques have their advantages and 
disadvantages, and the precise selection of tool or suite of tools will be determined by the 
specific objectives of the survey that is to be conducted. Aims of the survey may range from 
general survey of broad areas for geophysical and environmental purposes through more 
specific survey of reefs to detailed monitoring of known areas of reef. Each survey type has 
its own demands in terms of data required and no single option fits all purposes. It is 
therefore critical that an informed choice is made regarding technique and strategy, given 
that there will need to be a balance between the survey aims and the budget and time 
allocated. 
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However, as a general guidance, sidescan is likely to remain the system of choice for the 
detection of S. spinulosa reef, although the way the system is deployed (low altitude, low 
speed, small swath range) is critical for reef detection. Multibeam may be useful for 
broadscale survey and focussing detailed survey on areas likely to support reefs, but they 
are unlikely to detect reefs with a confidence that matches sidescan. AGDS is a useful 
addition to sidescan since it returns values on bulk sediment properties difficult to estimate 
from sidescan backscatter. It may also be useful as a check on multibeam backscatter, but 
this has not been investigated thoroughly. Since AGDS is inexpensive and easy to run in 
conjunction with other systems, it would seem that this would be a useful addition to any 
survey. However, AGDS require setting up correctly and performance should be monitored 
periodically during the survey by an operator. Without this level of commitment, AGDS data 
may be difficult or impossible to analyse.  
 
The importance of a good sampling program cannot be overstated. An expensive survey can 
be compromised if the ground truth data are inadequate for interpretation. This requires 
sample numbers to be high enough to sample the full range of habitats. It is difficult if not 
impossible to map habitats that have not been sampled purely on the basis of the remotely 
sensed images. Large areas may exhibit broad geographic trends in habitat composition and 
it is also important that samples are spread throughout the survey area. 
 
Visual observation of reef structures remains the only certain way of confirming their 
presence. This confirmation may be enough for many survey purposes. Video and stills may 
not be able to detect lower agglomerations of S. spinulosa and other sampling techniques 
must be used of which grab sampling remains the most effective. This may also be needed if 
poor visibility rules out the use of visual observation. Grab samples are expensive to 
process, but on-board examination of the sample for worm tubes may be sufficient for many 
survey purposes.  
 
Methods for the identification, mapping and evaluation of cobble habitats are not well 
established. To a degree this is because this habitat is notoriously difficult to sample. A 
number of tools have the potential to discriminate between this and other substrates but they 
have not been rigorously tested. Until such a time as a set of sampling and survey tools is 
properly trialled and evaluated, this habitat will prove difficult to assess routinely with great 
confidence. 
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1 Introduction 

1.1 Project aims and objectives 
 
The primary aim of the project is to provide guidance on the most appropriate ways to 
detect, map and evaluate biogenic and cobble reefs. This includes both remote sensing 
techniques and methods for observing and sampling the habitats to assess the degree to 
which reef characteristics are expressed and ways of analysis and interpretation of the data 
collected. 
 
The objectives of the project as stated at the outset were: 
 

(i) Review data on the occurrence and composition of Sabellaria spinulosa and 
other reef habitats: To review our knowledge of the occurrence and ecology 
of S. spinulosa to provide information on the range of physical manifestations 
of the habitat, its range of biological ‘quality’ and its geographical extent in 
UK waters. 
 

(ii) Review the methods that have been used to identify the presence of S. 
spinulosa reef and other relevant habitats: To undertake a review of survey 
techniques for determining the presence or absence of EU Habitats Directive 
Annex I habitats, particularly the occurrence of aggregations of S. spinulosa 
and cobble reefs. The review of techniques will include those that have a 
proven utility as well as those that show potential. 
 

(iii) Specify a survey programme to evaluate methods: To construct a survey 
strategy that will most effectively identify, map and monitor the presence, 
extent and quality of S. spinulosa and other relevant reef habitats in the 
vicinity of aggregate extraction sites. 
 

(iv) Collection of new survey data: To undertake investigations to identify 
appropriate sites for assessment using established and ‘state of the art’ 
techniques. 
 

(v) Data/sample analysis: To analyse the data and samples collected during the 
field trials in such a way that each technique can be assessed for its 
suitability for the purpose, both in isolation and in combination with other 
techniques. 
 

(vi) Final report and summary of the best methods for identifying, mapping and 
evaluating reef habitats: To bring together the results of the desk study and 
the results of the survey work in such a way that the methodologies 
adequate for the mapping of Sabellaria and other relevant reef habitats can 
be judged against each other.  
 

(vii) Disseminate information to industry and other stakeholders. 
 
Although the project was originally designed to encompass a range of biogenic reef types, 
there was a significant focus on the S. spinulosa biogenic reef habitat. S. spinulosa reefs are 
the most likely type of biogenic reef to occur within or adjacent to areas that have 
sedimentary resources of interest to the marine aggregate industry. Furthermore, S. 
spinulosa reefs may be less distinctive than other biogenic reef types, so that trials of sonar 
techniques able to discriminate these should also be applicable to other reef types.  
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1.2 Aim and structure of the report 
 
The aim of this report is the give guidance of the best methods for detecting, mapping and 
evaluating S. spinulosa and cobble reefs. The guidance is given in the context of the legal 
status of these habitats and their definition as provided by the EU Habitats Directive (EEC, 
1992)1

Section 

 and interpreted by the Joint Nature Conservation Committee (JNCC) and the country 
nature conservation agencies.  
 

2 provides definitions and interpretations of biogenic and cobble reef habitats under 
the Habitats Directive and other relevant international Conventions and agreements. Since 
there is a strong emphasis on biogenic reefs formed by S. spinulosa, the biology of this 
species and its reef habitats are described in some detail in Section 3. This review builds on 
the report “Sabellaria spinulosa Biotopes of the Wash cSAC and its Environs: Summary of 
Knowledge” by Foster-Smith and Hendrick (2003) prepared for English Nature (now Natural 
England) and the Eastern Sea Fisheries Joint Committee (ESFJC). Section 4 reviews the 
methods available to detect and map S. spinulosa reefs and assesses their relative 
advantages and disadvantages. This review is supported by a summary of relevant surveys 
from published work and unpublished reports made available to the project and the results of 
surveys undertaken as part of this project. Although this report focuses on S. spinulosa reef, 
cobble reefs present similar issues regarding survey and mapping. Techniques particularly 
suitable to detect, map and assess these harder substrata are described in Section 5.  
 
 
2 Definition of biogenic and cobble reef  

2.1 The Habitats Directive 
 
Reefs are listed under Annex I of the Habitats Directive2

Definition of ‘reefs’ from the EU Interpretation Manual (CEC, 1999) 

“Submarine, or exposed at low tide, rocky substrates and biogenic concretions, which arise from the sea floor 
in the sublittoral zone but may extend into the littoral zone where there is an interrupted zonation of plant and 
animal communities. These reefs generally support a zonation of benthic communities of algae and animal 
including concretions, encrustations and corallogenic concretions.” 

 as a marine habitat to be protected 
by the designation of Special Areas of Conservation (SACs). A definition of the term ‘reef’ for 
the purposes of the Directive is provided by the Interpretation Manual of European Union 
Habitats (CEC, 1999). The manual defines ‘reef’ as: 

 
The EU interpretation was revised in 2007 (CEC, 2007) to apply more widely to habitats 
occurring in waters away from the coast and offshore. The revised interpretation manual 
defines ‘reefs’ as: 

Definition of ‘reefs’ from the revised EU Interpretation Manual (CEC, 2007)  

“Reefs can be either biogenic concretions or of geogenic origin. They are hard compact substrata on solid 
and soft bottoms, which arise from the sea floor in the sublittoral and littoral zone. Reefs may support a 
zonation of benthic communities of algae and animal species as well as concretions and corallogenic 
concretions.” 

 

                                                 
1  Council Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora  
2  The habitat types listed on Annex I to the Habitats Directive are those considered to be most in need of conservation 

at a European level. Member States are required to select, designate and protect SACs for these habitats.   
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Definition of ‘reefs’ from the revised EU Interpretation Manual (CEC, 2007) (cont.)  

Clarifications: (1) Biogenic concretions are defined as concretions, encrustations, corallogenic concretions 
and bivalve mussel beds originating from dead or living animals, i.e. biogenic hard bottoms which supply 
habitats for epibiotic species. (2) Geogenic origin means reefs formed by non biogenic substrata. (3) Hard 
compact substrata are rocks (including soft rock, e.g. chalk), boulders and cobbles (generally > 64 mm in 
diameter). (4) Arise from the sea floor means the reef is topographically distinct from the surrounding 
seafloor. (5) Sublittoral and littoral zone means the reefs may extend from the sublittoral uninterrupted into 
the intertidal (littoral) zone or may only occur in the sublittoral zone, including deep water areas such as the 
bathyal. Such hard substrata that are covered by a thin and mobile veneer of sediment are classed as reefs if 
the associated biota is dependent on the hard substratum rather than the overlying sediment. Where an 
uninterrupted zonation of sublittoral and littoral communities exists, the integrity of the ecological unit should be 
respected in the selection of sites. A variety of subtidal topographic features are included in this habitat 
complex such as: Hydrothermal vent habitats, sea mounts, vertical rock walls, horizontal ledges, overhangs, 
pinnacles, gullies, ridges, sloping or flat bed rock, broken rock and boulder and cobble fields. 

Examples of animals forming biogenic reefs in the North Atlantic including North Sea: Polychaetes (e.g. 
Sabellaria spinulosa, Sabellaria alveolata, Serpula vermicularis), bivalves (e.g. Modiolus modiolus, Mytilus sp.) 
and cold water corals (e.g. Lophelia pertusa). 

 
At a UK level, the definition of ‘reefs’ as provided by the EU Interpretation Manual has been 
further interpreted and clarified by the statutory nature conservation agencies to aid 
identification of reef habitat in both inshore and offshore waters (Johnston et al., 2002). 
Under this definition, ‘reefs’ comprise:  

Definition of ‘reef’ at UK level (Johnston et al., 2002) 

Substratum: Bedrock, boulders and cobbles (cobbles generally >64 mm in diameter), including those 
composed of soft rock, such as chalk. Biogenic concretions, i.e. aggregations of a species to form a hard 
substratum, thus enabling an epibiotia community to develop. Biogenic reef-forming species include Serpula 
vermicularis, Sabellaria spp., Lophelia pertusa, Mytilus edulis and Modiolus modiolus. 

Height boundary: Highest Astronomical Tide (or in practice Ordnance Survey mean high water or mean high 
water springs in Scotland) where the intertidal zone is included in the site. Note that intertidal areas are only 
included where they are connected to subtidal reefs. 

Depth: No depth limit. 

Topography: A variety of topographical features in the subtidal zone, including vertical rock walls, horizontal 
ledges, overhangs, pinnacles, gullies, ridges, sloping or flat bed rock, broken rock and boulder and cobble 
fields. Caves and cave-like features are excluded (these are referable to the Annex I category ‘submerged or 
partially submerged sea caves’). ‘Arising from the sea floor’ is taken in the sense that the reef is topographically 
distinct. Rocky structures that are covered by a thin and mobile veneer of sediment are classed as reefs if the 
associated biota are dependent on the rock rather than the overlying sediment. 

Size: No lower limit, subject to the reef being large enough to maintain its structure and functions. Note that 
some biogenic reefs are inherently patchy and may contain relatively small individual colonies of, for example, 
Serpula vermicularis. 

 
Under the definition and interpretation of the Habitats Directive, cobble reef therefore 
comprises cobbles greater than 64 mm in diameter, but there is no minimum size of reef that 
can be considered. Biogenic reef is less quantified under the definition and interpretation of 
the Directive though, still subject to no minimum size requirement. However, it is the view of 
the statutory nature conservation agencies that an Annex I reef feature would have to be 
sufficiently large to “maintain its structure and function”. Holt et al. (1998), who had provided 
an interpretation for biogenic reef in coastal waters as part of the UK Marine SAC Project3

                                                 
3  The UK Marine SAC Project was initiated by the statutory nature conservation agencies and the Scottish Association 

of Marine Science (SAMS) to help implement the Habitats Directive in UK inshore waters. A key component of the 
project was the assessment of the sensitivity characteristics and related conservation requirements of selected sub-
features of Annex I habitats including ‘biogenic reefs’.  

, 
also argued that aggregations of reef-forming species should have a minimum size in order 
to be classified as reef.  
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Under Holt et al.’s definition, ‘biogenic reefs’ are: 

Definition of ‘biogenic reefs’ under the UK Marine SAC Project (Holt et al., 1998) 

“Solid, massive structures which are created by accumulations of organisms, usually arising from the seabed or 
at least clearly forming a substantial, discrete community or habitat which is very different from the surrounding 
seabed. The structure of the reef may be composed almost entirely of the reef-building organism and its tubes 
or shells or it may to some degree be composed of sediments, stones and shells bound together by the 
organism.” 

 
Holt et al.’s definition was derived using the criteria that (1) “[A reef] should be substantial in 
size (generally of the order of a metre or two across as a minimum, and somewhat raised, 
mainly in order to disqualify nodule like aggregations such as may be formed by S. spinulosa 
and scattered small aggregations such as occurs with many of the species under 
consideration)”, and (2) “should create a substratum which is reasonably discrete and 
substantially different to the underlying or surrounding substratum, usually with much more 
available hard surfaces and crevices on and in which other flora and fauna can grow”.  
 
As outlined above, this report will focus on S. spinulosa biogenic and cobble reef; it will not 
further expand on other reef habitats (such as Lophelia pertusa reef, littoral chalk 
communities, intertidal Mytilus edulis beds on mixed and sandy sediment, Modiolus 
modiolus horse mussel beds, and bedrock reef) although they are considered reef under 
either the EU interpretation of Annex I reef, or other international agreements and further UK 
interpretation thereof. 
 

2.1.1 S. spinulosa biogenic reef 
 
In 2007, JNCC hosted a workshop to further define the characteristics of a S. spinulosa 
biogenic reef, which resulted in the report ‘Defining and managing Sabellaria spinulosa 
reefs: Report of an inter-agency workshop 1-2 May, 2007’ (Gubbay, 2007). The simplest 
definition of S. spinulosa reef in the context of the Habitats Directive was considered to be 
an area of S. spinulosa which is elevated from the seabed and has a large spatial extent. 
Colonies may be patchy within an area defined as reef and show a range of elevations.  
 
In seeking to provide greater guidance, workshop participants were asked to identify key 
characteristics that can contribute to the ‘reefiness’ of a S. spinulosa aggregation in the 
context of the Habitats Directive definition. Participants were further asked to suggest some 
threshold ranges for these characteristics to score the degree of ‘reefiness’ of an observed 
Sabellaria aggregation, which then could be used in combination to determine whether an 
area might qualify as a reef. Three main reef characteristics were suggested for 
consideration to start with: (1) elevation of Sabellaria tubes, (2) spatial extent, and (3) 
patchiness. The best, but not unanimous, agreement on Sabellaria ‘reefiness’, which could 
be reached during the workshop, is given in Table 1. 
 
It was further concluded that apart from elevation, extent and patchiness additional 
characteristics such as sediment consolidation, Sabellaria density, associated biodiversity 
and longevity should be considered when describing the particular qualities of a reef. A 
useful approach for this assessment would be a multi-criteria scoring system, such as that 
devised by Hendrick and Foster-Smith (2006), where individual reef characteristics are 
weighted according to the perceived importance of each other and augmented with a further 
score indicating the confidence in the characteristic score. It was felt that this approach could 
be used as a second stage in the process of identifying suitable areas of S. spinulosa reef 
for protection within Natura 2000 sites. This approach would provide a clear structure to 
support decision making; it would be consistent and comparable between sites and useable 
with limited and varied data sets and would also show where data were lacking. 
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Temporal stability of S. spinulosa reef features will be discussed in detail in Section 3.7.5 of 
this report, but it should be noted here that S. spinulosa reefs may not necessarily be long 
lived features. The disappearance of large S. spinulosa aggregations has been reported 
from different areas in European waters, and these declines have been attributed to both 
anthropogenic disturbance and natural causes. With regard to the identification of suitable 
areas of S. spinulosa reef for protection under the Habitats Directive the statutory nature 
conservation agencies concluded that the potential for development of S. spinulosa reefs 
was not sufficient justification for proposing an area as an SAC, however, areas of degraded 
reef or where reef formation was previously known could usefully be considered for 
protection (Gubbay, 2007). 
 

Table 1. Threshold ranges proposed by workshop participants for the reef characteristics elevation, 
spatial extent and patchiness, which could be used in combination to determine whether an area might 
qualify as a S. spinulosa reef. Note that the figures are presented as a starting point for wider discussion 
rather than accepted and fully agreed thresholds for S. spinulosa reef identification (Gubbay, 2007). 

Characteristic Not a 
reef 

‘Reefiness’ 

Low Medium High 

Elevation (cm) 
(average tube 

height) 
< 2 2-5 5-10 > 10 

Extent  
(m2) 

< 25 25-10,000 10,000 - 
1,000,000 

> 1,000,000 

Patchiness  
(% cover) < 10 10-20 20-30 > 30 

 

2.1.2 Cobble reef 
 
Following the example of the assessment of S. spinulosa reef, JNCC hosted a workshop 
with the aim to clarify the definition of stony reef under the Habitats Directive and to help with 
recognising those areas of the seabed which can be classed as stony reef, and those areas 
which would fall outside this definition (Irving, 2009). Cobble reefs are considered to be a 
sub-type of stony reefs, which also include reefs formed by boulders and some areas of 
iceberg ploughmarks. 
 
Workshop participants were asked to identify the key characteristics that could be used to 
identify stony reefs with some certainty and to suggest limits for these characteristics for 
Low, Medium and High ‘resemblance’ to being a stony reef. The key characteristics together 
with their limits for the various degrees of ‘reefiness’ that were agreed during the workshop 
are presented in Table 2. 
 
It was agreed that to qualify as a cobble reef, 10% or more of the seabed substratum should 
be composed of particles greater than 64 mm across, while the remaining supporting matrix 
could be of smaller sized material. The reef may be consistent in its coverage or it may form 
patches with intervening areas of finer sediments. However, the greater the sediment 
component the more patchy the cobble reef is likely to be and consequently of lower 
‘reefiness’. The minimum size of a cobble reef has been agreed as being > 25 m2. This 25 
m2 applies to the total area of a patchy reef, rather than the minimum size for a patch. It was 
not considered necessary to have a maximum size.  
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The consideration of elevation was also discussed and was found to be somewhat 
restrictive. It was felt that by keeping to the strict definition of the Habitats Directive’s 
Interpretation Manual, which sets out that reefs have to “arise from the seafloor” (i.e. they 
need to be topographically distinct from the surrounding sea floor), troughs and depressions 
where cobbles may form aggregations would be excluded from being considered reef. No 
definite conclusions where reached on this during the workshop and the need for further 
discussion was noted.  
 
The associated biota was also considered to be an important characteristic for the 
identification of cobble reef, and it was agreed that the greater the dominance of epifaunal 
species the higher the likelihood of an area of habitat being categorised as cobble reef. 
Areas of seabed with a predominance of infaunal species indicate that a habitat would not 
be categorised as reef. 
 

Table 2. Main characteristics of stony reefs agreed by workshop participants and their limits for various 
degrees of ‘reefiness’ (Irving, 2009). The characteristics are listed in order of their considered importance 
with the most important characteristic listed first.  

Characteristic Not a 
stony reef 

‘Resemblance’ to being a stony reef 

Low Medium High 

Composition < 10% 10-40% 
Matrix supported1 

40-95% > 95% 
Clast supported2 

Notes:   Diameter of cobbles being greater than 64 mm. Percentage cover relates to a minimum area of 25 
m2. The ‘composition’ characteristic therefore also includes ‘patchiness’. 

Elevation Flat seabed < 64 mm 64 mm - 5 m > 5 m 

Notes:   Minimum height (64 mm) relates to minimum size of constituent cobbles. This characteristic could 
also include ‘distinctness’ from the surrounding seabed.  

Extent < 25 m2 > 25 m2 

Biota Dominated by 
infaunal species 

  > 80% of species 
present composed of 

epifaunal species 

1 Implies that there is finer sediment surrounding each cobble. 
2 Implies that the cobbles are touching each other.  

 

The quality of the cobble reef should be assessed using a range of factors such as physical 
structure, associated epibiota, stability and functionality. It was also acknowledged that there 
would need to be some biological interest for a reef to be included as a feature within an 
SAC. Some workshop participants pointed out that this interest may not necessarily be 
because the biota is particularly rich or diverse but could be because it is sparse, possibly as 
a result of extreme physical conditions, such as turbidity or wave exposure (Irving, 2009). 
 

2.2 Other interpretations 
 
Whilst the interpretation of reef for the purposes of SAC identification under the Habitats 
Directive is described in the EU Interpretation Manual, biogenic reef (as opposed to the 
presence of a reef-forming species) remains difficult to define and slightly different 
interpretations are being used within conservation and/or ecological circles. The following 
sections summarise those interpretations which are relevant to this project. 
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2.2.1 OSPAR Convention 
 
S. spinulosa reefs are also listed as a threatened and/or declining habitat under the 
Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR 
Convention) (OSPAR Commission, 2008a)4

OSPAR description of S. spinulosa reef habitat (OSPAR Commission, 2008b) 

“The tube-building polychaete Sabellaria spinulosa can form dense aggregations on mixed substrata and on 
rocky habitats. In mixed substrata habitats, comprised variously of sand, gravel, pebble and cobble, the 
Sabellaria covers 30% or more of the substrata and needs to be sufficiently thick and persistent to support an 
associated epibiota community which is distinct from surrounding habitats. On rocky habitats of bedrock, 
boulder and cobble, the Sabellaria covers 50% or more of the rock and may form a crust or be thicker in 
structure. In some areas, these two variations of reef type may grade into each other. Sabellaria reefs have 
been recorded in depths between 10-50 m BCD or more. The reef infauna typically comprises polychaete 
species such as Protodorvillea kefersteini, Scoloplos armiger, Harmothoe spp., Mediomastus fragilis, Lanice 
conchilega and cirratulids together with the bivalves Abra alba and Nucula spp. and tube-building amphipods 
such as Ampelisca spp. Epifauna comprise calcareous tubeworms, pycnogonids, hermit crabs, amphipods, 
hydroids, bryozoans, sponges and ascidians.  S. spinulosa reefs are often found in areas with quite high levels 
of natural sediment disturbance; in some areas of reef, individual clumps of Sabellaria may periodically break 
down and rebuild following storm events. S. spinulosa reefs have been recorded from all European coasts 
except the Baltic Sea, Skagerrak and Kattegat. Areas of dead Sabellaria reef indicate the site supported reef 
habitat in the past and should be reported as this habitat type.” 

. The OSPAR Commission distinguishes two 
sub-types of reef: S. spinulosa reefs on rock (EUNIS code: A4.22; National Marine Habitat 
Classification for UK and Ireland code: CR.MCR.CSab), and S. spinulosa reefs on mixed 
(sediment) substrata (EUNIS code: A5.611; National Marine Habitat Classification for UK 
and Ireland code: SS.SBR.PoR.SspiMx). 
 
It is the view of the Commission that for a habitat to occur at a site, it should extend over an 
area of at least 25 m2, but this threshold may need to be higher in offshore areas due to 
limitations of surveys and sampling. The Commission also recognises that for some habitat 
types including biogenic reefs, the habitat-forming species (e.g. M. edulis, M. modiolus and 
Sabellaria spp.) may occur in clumps or patches on the shore or seabed. Guidance has 
been provided by the Commission as to the expected minimum density or percentage 
coverage of such clumps or patches within the overall extent of the habitat. It is also 
recognised that where accumulations of dead material of the habitat-forming species occur 
either in association with live material, or indicate that the habitat-forming species was likely 
to have lived at the site, it can be reported as a record for the habitat type, duly noting its 
current condition (OSPAR Commission, 2008b).  
 
The OSPAR description of S. spinulosa reefs expands as follows: 

 
The Commission highlights that expert judgment will need to be applied on a site by site 
basis to determine whether the overall density, coverage and extent of the habitat-forming 
species is sufficient for the habitat-type to be considered to occur on the site.  
 

2.2.2 UK Biodiversity Action Plan 
 
Reefs of S. spinulosa are also subject to action according to a UK Biodiversity Action Plan 
(UK BAP)5

                                                 
4  The OSPAR List of Threatened and/or Declining Species and Habitats is based upon nominations by Contracting 

Parties and observers to the OSPAR Commission of species and habitats that they consider to be priorities for 
protection. The purpose of the list is to guide the OSPAR Commission in setting priorities for its work on the 
conservation and protection of marine biodiversity. 

5  UK BAPs were developed for a variety of species and habitats of conservation concern (i.e. those considered in 
decline or under threat) in support of the UK Government’s commitments to biodiversity made at the Earth Summit in 
Rio de Janeiro in 1992 as signatory of the CBD. 

 under the Convention of Biological Diversity (CBD). Although the Habitat Action 
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Plan (HAP) for the priority habitat S. spinulosa reefs do not specifically define the habitat per 
se, reefs are specified as: 

UK BAP Priority Habitat Description of S. spinulosa reefs (Maddock, 2008) 

“Sabellaria spinulosa reefs comprise of dense subtidal aggregations of this small, tube-building polychaete 
worm. S. spinulosa can act to stabilise cobble, pebble and gravel habitats, providing a consolidated habitat for 
epibenthic species. They are solid (albeit fragile), massive structures at least several centimetres thick, raised 
above the surrounding seabed, and persisting for many years. As such, they provide a biogenic habitat that 
allows many other associated species to become established. The S. spinulosa reef habitats of greatest nature 
conservation significance are those which occur on predominantly sediment or mixed sediment areas. These 
enable a range of epibenthic species with their associated fauna and a specialised 'crevice` infauna, which 
would not otherwise be found in the area, to become established.” 

 

2.2.3 Other interpretations 
 
Some studies (Hiscock, 2003) have suggested that densities of less than 5000 S. spinulosa 
individuals per m2 do not constitute a reef. There are no definitions, statutory or otherwise 
that specify this, although it is recognised that density may be used as one of the factors to 
indicate a potential reef. 
 
Some literature (as listed on the Marine Life Information Network website6

2.3 Approach to reefs adopted in this project 

 and as reported in 
Holt et al. (1995)) implies that S. spinulosa reefs require a hard substratum to establish. 
Features on sandy/gravelly ground have therefore sometimes been dismissed as being a 
true reef. However, as explained above reefs can exist on stabilised soft substrates and 
therefore the nature of the substrate cannot be used to exclude a reef from falling under the 
definition of the Habitats Directive.  
 

 
All the above interpretations were developed for different purposes, some to provide 
guidance on a legal instrument. It is therefore clear that a single definition or single 
interpretation will not be suitable for all needs. However, this project needed to adapt any 
existing data gathered on the basis of the other interpretations so that it is understood how 
they fit within the context of protection under the Habitats Directive. For practical application 
therefore, there is clearly a need to consider an all-encompassing approach for what 
attributes constitute a reef. This approach should have the flexibility to allow subsets of 
different interpretations to be incorporated, so as not to infringe on those interpretation used 
for other purposes. 
 
There may be other valid appropriate approaches derived for other projects in other industry 
sectors, but this project suggests that a ‘continuum’ for reef features is considered when 
reviewing data. The ‘continuum’ would encompass certain physical, biological and temporal 
aspects of the features such that none of data gathered from using any of the above 
interpretations are excluded from being incorporated within this study. This means that all 
data can be assessed within the context of the reef classification under Annex I of the 
Habitats Directive and that no feature that may fall under such protection is excluded from 
being looked at during the comparative survey assessment. As a consequence, the 
‘continuum’ approach may also be used for other interpretations, such as that for OSPAR, 
which would simply take account of different attributes or assign different weightings to 
attributes as compared to the Habitats Directive interpretation. 
 

                                                 
6  MarLIN, www.marlin.ac.uk 

http://www.marlin.ac.uk/�
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In summary, it is not the intention of this project to re-define reefs or adopt any one of the 
above definitions. Rather, the project has adopted the approach that reefs are characterised 
by a number of features (characteristics) that are expressed to varying degrees. These 
features and their ranges of expression that may constitute a reef are considered within the 
next section of this report, set against the background knowledge of the biology of S. 
spinulosa.  
 
 
3 Biological background to S. spinulosa  
 

This section provides a general review of the published literature and unpublished reports 
regarding S. spinulosa, and is heavily reliant on several previously published reviews (Holt et 
al., 1997; Holt et al., 1998; Jones et al., 2001; UK Biodiversity Group, 1999) and information 
summarised in Foster-Smith and Hendrick (2003).  
 

3.1 Ross worm S. spinulosa - Basic overview 
 
The Ross worm S. spinulosa Leuckart, 1849, is a sedentary, epifaunal polychaete worm, 
which builds rigid tubes from sand or shell fragments. It is a suspension feeder primarily 
found in the shallow sublittoral and is abundant in English waters as solitary or low-lying 
aggregations (Hayward and Ryland, 1990). However, under a narrow set of environmental 
conditions S. spinulosa can form reefs consisting of hundreds or thousands of worm tubes 
that stand proud of the seafloor and extend over large areas of gravel and sandy seafloors 
usually at the edges of sand banks, drop-offs and channels. These structures are very 
variable in height, size and patchiness. They can be temporally variable in their stability and 
favour areas of high turbidity and sediment load with moderate tidal currents and suspended 
particulate food matter (Hendricks, 2007).  
 
Biogenic reefs provide a complex habitat with numerous crevices and hard surfaces allowing 
colonisation by epifauna and motile ‘crevice’ fauna. Therefore S. spinulosa reefs can have a 
rich associated fauna and flora which can be richer and more diverse than in surrounding 
areas (George and Warwick, 1985). As a reef is built and develops over time there can be 
an increase in species diversity and a shift from polychaete assemblages to crustacean-
polychaete communities (Pearce et al., 2007). Established stable reefs appear to be 
dominated by motile crustacean predators such as the pink shrimp Pandalus montagui and 
the porcelain crab Pisidia longicornis. It has been suggested that the crustaceans predate on 
the worms and other inhabitants of the reef, with an associated decline in species diversity 
but continued increase in biomass (Pearce et al., 2007). Thus, reefs can act as an important 
source of shelter and food for other organisms. It is for the ecosystem-scale effects along 
with changes to biodiversity that the reef habitat of S. spinulosa is of conservation 
importance, rather than S. spinulosa individuals themselves.  
 

3.2 S. spinulosa - Biotope classification, characterising species 
and relationship to other biotopes 

 
Blab et al. (1995) defined biotopes, or biotope types, as the spatial components of an 
ecosystem characterized by “specific ecological, unique and more or less constant 
environmental conditions”. On this basis, S. spinulosa habitats have been classified 
according to the biotopes listed in Table 3. Both biogenic reef biotopes and non-reef 
biotopes of Sabellaria have been included here for the purpose of comparison. 
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Table 3. S. spinulosa biotopes under the Marine Habitat Classification for Britain and Ireland Version 04.05 
(Connor et al., 2004)7. This classification recognises four biotopes in which S. spinulosa is considered to be 
common or abundant (using the SACFOR scale), and has identified several species which are considered to be 
characteristic of each. The equivalent biotope code under the European Nature Information System (EUNIS) 
habitat classification (European Environment Agency, 2006)8

Code 

 is also given. 

Biotope Biotope description 

SS.SBR.PoR. 
SspiMx 
 
Eunis code: 
A5.611 

S. spinulosa on 
stable circalittoral 
mixed sediment  

S. spinulosa at high abundances on mixed sediment. Sabellaria 
typically forms loose agglomerations of tubes forming a low lying 
matrix of sand, gravel, mud and tubes on the seabed. The infauna 
comprises typical sublittoral polychaete species such as Protodorvillea 
kefersteini, Pholoe synophthalmica, Harmothoe spp, Scoloplos 
armiger, Mediomastus fragilis, Lanice conchilega and cirratulids, 
together with the bivalve Abra alba, and tube building amphipods such 
as Ampelisca spp. The epifauna comprise a variety of bryozoans 
including Flustra foliacea, Alcyonidium diaphanum and Cellepora 
pumicosa, in addition to calcareous tubeworms, pycnogonids, hermit 
crabs and amphipods.  

CR.MCR. 
CSab.Sspi 
 
Eunis code: 
A4.221 

S. spinulosa 
encrusted 
circalittoral rock 

Biotope with an almost entire crust of S. spinulosa tubes typically 
found encrusting the upper faces of wave-exposed and moderately 
wave exposed circalittoral bedrock, boulders and cobbles subject to 
strong and moderately strong tidal streams in areas with high turbidity. 
A diverse fauna may be found attached to the crust. There are two 
variants: The first (Sspi.ByB) contains turfs of bryozoans (including F. 
foliacea, A. diaphanum and Bugula plumosa); other scour tolerant 
species such as Urticina felina, Tubularia indivisa and Nemertesia 
antennina may also be present. The second variant (Sspi.As) has a 
dense turf of didemnid ascidians and scour-tolerant bryozoans 
including F. foliacea and Cellaria species. Sparse sponges and patchy 
occurrences of small ascidians such as Polycarpa spp. may also be 
observed. The fauna attached to the Sabellaria crust in many cases 
seem to reflect the biotopes on nearby rock. 

IR.MIR.KR. 
Lhyp.Sab 
 
Eunis code: 
A3.2145 

S. spinulosa with 
kelp and red 
seaweeds on 
sand-influenced 
infralittoral rock 

Laminaria hyperborea kelp forest on shallow infralittoral bedrock and 
boulders characterised by encrustations of S. spinulosa tubes which 
cover much of the rock, together with sand-tolerant red seaweeds. 
Some of the richer examples of this biotope also have a rich fauna of 
ascidians, sponges, hydroids and bryozoans. A similar biotope is also 
found in the circalittoral zone, where it lacks the algal component 
(CR.MCR.CSab.Sspi).  

IR.MIR.KR. 
Ldig.Pid 
 
Eunis code: 
A3.2113 

Laminaria digitata 
and piddocks on 
sublittoral fringe 
soft rock 

Soft rock, such as chalk, in the sublittoral fringe characterised by 
Laminaria digitata and rock-boring animals such as piddocks Barnea 
candida and Pholas dactylus, the bivalve Hiatella arctica and worms 
Polydora spp. S. spinulosa often colonises empty piddock burrows. 
Beneath the kelp forest, a wide variety of foliose and filamentous red 
seaweeds occurs together with bryozoans and hydroids. The 
undersides of small chalk boulders are colonised by encrusting 
bryozoans, colonial ascidians and the tube-building polychaete 
Pomatoceros lamarcki.  

                                                 
7  The Marine Habitat Classification for Britain and Ireland Version 04.05 presents a hierarchical classification of marine 

habitats for the shores and seabed around Britain and Ireland. It has been substantially revised and updated from the 
previous version which was developed by JNCC’s Marine Nature Conservation Review (MNCR) as part of the EC Life 
Nature funded BioMar programme (Connor et al., 1997a, b). The basic unit of the classification is the biotope, a 
recognizable community (or association or assemblage) of conspicuous species occurring within a particular habitat 
type, defined according to parameters of the physical environment such as substratum type or degree of wave 
exposure.  

8  The EUNIS habitat classification is a pan-European system, which was developed between 1996 and 2001 by the 
European Environment Agency in collaboration with experts from throughout Europe. The 2004 version of the Marine 
Habitat Classification for Britain and Ireland and the north-east Atlantic classification developed for the OSPAR 
Convention in 2004 were fully incorporated to produce the 2004 EUNIS classification. The current 2006 version was 
created with additional habitat types and revisions to the hierarchical structure.  
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The Marine Habitat Classification for Britain and Ireland (Version 04.05) recognises a 
number of biotopes in which S. spinulosa is considered to be common or abundant. Not all 
of the above biotopes will constitute reef habitat, but this must be considered in conjunction 
with the reef characteristics discussed in later sections. Although the biotope 
SS.SBR.PoR.SspiMx would include reefs, it has also been assigned to many records with 
only moderate densities of S. spinulosa. Only visually assessed biotopes with discernable 
biogenic reef structures (however defined) can be described as reefs with certainty.  
 
Foster-Smith et al. (1999) concluded that the biotopes found within the Wash and its 
environs graded into one another. Many shared the same fauna but in different densities and 
combinations. They arranged the biotopes they found in a schematic diagram showing the 
relationship between them based on infaunal composition (Figure 1). 

 

 Sabellaria reef 
rich-very rich infauna, 

moderately low diversity 
epifauna, silty gravel 

SspiMx.reef(wash) 

Sabellaria/Lanice 
rich infauna, moderately low 
diversity epifauna, gravelly 

silty sand 

SspiMx 

Sabella discifera/ 
Sabellaria 

rich-very rich infauna, low 
diversity epifauna, gravel-silty 

sand 
AbrNucCor.Sdisc(Wash) 

Sabella pavonina 
rich infauna, low diversity 

epifauna, silty sand 
AbrNucCor.Spav(Wash) 

Abra 
moderately rich infauna, low 
diversity epifauna, silty shelly 

sand 

AbrNucCor 

Scoloplos/Spiophanes 
low diversity - moderately rich 
infauna, low diversity epifauna, 

silty sand 

ScoSpi(Wash) 

Lanice 
 low diversity infauna, low 

diversity epifauna, gravel-silty 
sand 

FaS.Lcon or FaS.Mob; 

Sparse polychaetes/ 
nemerteans 

low diversity infauna, low 
diversity epifauna, coarse shelly 

sand 
PolyNem(Wash) 

Nephtys/Bathyporeia 
low diversity infauna, low 
diversity epifauna, sand 

NcirBat 

Ensis 
low diversity infauna, low 

diversity epifauna, medium fine 
silty sand 

FaMS.EcorEns 

increasing silt 
decreasing Sabellaria reef formation 

clean sand silty sand 

shallow; mobility of sediment Nephthys/Scoloplos 
low diversity infauna, low 

diversity epifauna, medium fine 
sand 

ScoNep(Wash) 

Note Ophiura albiada 
may be distinguishable 

 

Figure 1. Schematic representation of the relationship between the main infaunal biotopes found in the 
Wash and its environs (Foster-Smith et al., 1999).  
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3.3 S. spinulosa - Distribution  
 
S. spinulosa is widespread in its distribution which encompasses the northeast Atlantic, the 
North Sea and the English Channel (Hayward and Ryland, 1990; Holt et al., 1997; Rees and 
Dare, 1993; UK Biodiversity Group, 1999). It has also been reported in the Mediterranean 
Sea (Bhaud, 1972). S. spinulosa is known from all European coasts, except for the Baltic 
(Vorberg, 2000), and is common around the British Isles, being found in the subtidal and 
lower intertidal/sublittoral fringe. 
 
While many authors indicate, either directly or by inference, that S. spinulosa is most 
commonly found in a solitary form (George and Warwick, 1985; Wilson, 1970), dense 
aggregations have been reported for the Bristol Channel (George and Warwick, 1985), 
Dorset (Collins, 2001), Southern North Sea (Linke, 1951), the Wash (Foster-Smith et al., 
1997; Kenny and Rees, 1996; National Rivers Authority, 1994), and the Thames (Royal 
Haskoning, 2005). 
 
Although widespread, S. spinulosa colonies are thought to be patchily distributed (Foster-
Smith, 2001). Several surveys (Foster-Smith et al., 1997; Foster-Smith and White, 2001) 
have shown very variable densities of S. spinulosa, with only moderate numbers recorded 
on some surveys/sites and very dense S. spinulosa recorded on others. Video evidence, 
meanwhile, has suggested that the ground at some of the sampling locations might be 
heterogeneous at very fine scales (certainly from metre to metre) (Foster-Smith, 2000). This 
is discussed in more detail later in this report. 
 
As part of this project, Cefas and Envision have combined their data relating to the 
distribution of S. spinulosa. Figure 2 shows all of the Envision and CEFAS data available for 
UK waters along with the public access records from the JNCC Marine Recorder Database. 
The data are represented on a presence/absence basis as the data result from a wide range 
of survey techniques and sampling gears.  
 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 2. Distribution of S. spinulosa in 
and around UK waters. Data provided 
from Envision, Cefas and the JNCC 
Marine Recorder Database as part of this 
project. Red dots = presence of S. 
spinulosa individuals; black dots = 
absence of S. spinulosa individuals. Note 
that only surveys in which S. spinulosa 
was identified in at least one of the 
samples have been included in order to 
add confidence to the ‘absences’. 
Furthermore, note that more recent 
surveys in the Wash and off the East 
Coast conducted after the survey phase 
of this project (i.e. after 2007) have also 
recorded S. spinulosa. The occurrence of 
Sabellaria is therefore likely to be more 
widespread than this figure indicates. 
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Figure 3 shows an expanded view of the S. spinulosa distribution in the Wash. At this scale it 
is possible to represent the relative densities of S. spinulosa to some extent, as there is 
some separation between the sampling sites within the image. It can be seen that high 
densities of S. spinulosa are present adjacent to sites where there are no Sabellaria, which 
is an indication of the patchy distribution of this habitat in this area. 

 

 
Figure 3. Distribution and relative densities of S. spinulosa within the Wash. Data are provided by Envision, 
Cefas and the JNCC Marine Recorder Database. Red large squares = present at high density (> 200 
individuals/0.1 m2 grab); small red squares = present at low densities (< 200 individuals/0.1 m2 grab); blue 
squares = absent. 

 
Where the data are of moderate positional accuracy, more detailed analysis of available 
records can be made. All the Wash S. spinulosa data used for this project have been 
summarised using a five-point abundance scale. The point data were then interpolated to 
create a continuous coverage in order to illustrate spatial trends (Figure 4). The analysis was 
performed in Surfer using an inverse distance square algorithm. The image summarises the 
‘hot spots’ of S. spinulosa distribution that persist over time. This type of information has 
been useful in focusing attention on broad areas that may support high densities of S. 
spinulosa even though they may not be present at any one specific location or point in time. 
Figure 4 also serves to highlight the limitations of point data for mapping and the need for 
methods based on remote sensing coupled with ground truthing. 
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Figure 4. Trends in S. spinulosa distribution within the Wash. The data are a summary of all records available. 
The abundances of Sabellaria from individual point samples are shown overlain on interpolated Sabellaria 
abundances. The abundance data come from both grab and video records and were assigned scores based on 
numbers of individuals or a visual assessment or both. The score values were interpolated in Surfer to create a 
spatial and temporal average. The abundance categories are 0 = no individuals, 2 = very sparse/no evidence, 3 = 
moderate densities or some visual evidence of tubes, 4 = high densities or dense encrusting tubes, 5 = very 
dense or reef.  
 
 
3.4 S. spinulosa - Environmental requirements 
 

3.4.1 Temperature 
 
There is little specific information on the temperature tolerance of S. spinulosa. 
Nevertheless, its widespread distribution together with its predominantly subtidal habitat 
suggests that it is likely to be much less sensitive to temperature variations than the 
predominantly intertidal relative Sabellaria alveolata (Holt et al., 1997). Indeed during the 
cold winter of 1963-4, the latter suffered high mortalities at a number of UK locations 
suggesting that S. alveolata is severely affected by low winter temperatures, whilst S. 
spinulosa was unaffected (Crisp, 1964). It should be noted, however, that S. alveolata is 
probably existing near to its temperature threshold in British waters, and would probably be 
considered less sensitive to temperature fluctuations if studied in warmer waters (Holt et al., 
1997). 
 
As a corollary to this, Viles (2001) did not consider S. spinulosa to be particularly vulnerable 
to climate change in general or to changes in sea surface temperature in particular, although 
he did consider S. spinulosa to be sensitive to increased storminess which is considered to 
be a indirect consequence of climate change. 
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3.4.2 Depth 
 
S. spinulosa is found from the low intertidal to offshore, inhabiting a variety of depths ranging 
from a few metres to over 40 m depth (Connor et al., 1997a,b; Holt et al., 1998) or even 
deeper. For example, Killeen and Light (2000) found S. spinulosa in grab samples from 5 m 
depth in the River Crouch estuary, while dense reefs reported in the Bristol Channel were 
found at a depth of 41 m (George and Warwick, 1985). In St George’s Channel S. spinulosa 
reaches a depth of greater than 100 m (Rees, I., pers. comm.). 
 
Individuals can certainly occur intertidally, and dense crusts have been reported in the 
infralittoral (Killeen and Light, 2000). Dense reefs, however, are more commonly found 
subtidally, although there is a small reef system in the Wash that extends onto the low shore 
that has persisted for a few years (Jessop, ESFJC, pers. comm.). Sporadic dense intertidal 
reefs have also been reported from the Wadden Sea (Linke, 1951), although it has been 
proposed (Holt et al., 1997) that one of the few references to a sizeable intertidal population 
(Michaelis, 1978) may have been a misidentification of S. alveolata. 
 

3.4.3 Mobile sediment and water movement 
 
The most important environmental requirement of S. spinulosa appears to be a good supply 
of sand for tube building, which is put into suspension by strong water movement 
(UK Biodiversity Group, 1999). The relative importance of tidal versus wave induced 
movements is, however, unclear (Connor et al., 1997b). Thus S. spinulosa reef communities 
are typically associated with weak or moderately strong tidal flows (Jones et al., 2001), and 
favour locations such as the edges of sand banks or areas where there are sand waves in 
the proximity (Foster-Smith, 2001). Indeed, anecdotal evidence (JNCC, pers. comm.) 
suggests that aggregations appear more prevalent on the flanks of sandbanks in the 
southern North Sea. 
 

3.4.4 Substratum  
 
S. spinulosa is supported on a wide range of substrates which include bedrock, boulders, 
cobbles, mixed sediment (Connor et al., 1997b) and (from evidence collected in the field 
work associated with this project) even medium fine sand. More specifically, Rees and Dare 
(1993) describe the habitat preference as being typically shell (especially oyster valves), 
sandy gravel or rocky substrates, which concurs well with the findings of other authors (e.g. 
Newell et al., 2001; Seiderer and Newell, 1999).  
 
Although a somewhat firm substrate is presumably required for the establishment of a colony 
it has been suggested that S. spinulosa can subsequently increase in extent by addition to 
the existing colony without the need for bedrock (Holt et al., 1997). Indeed, several studies 
have reported extensive S. spinulosa colonies in essentially sandy areas (Schäfer, 1972; 
Warren, 1973; Warren and Sheldon, 1967), whilst others have reported high densities of S. 
spinulosa in grab samples, which would be unlikely from hard bottoms unless the reefs were 
extremely thick and very brittle (Attrill et al., 1996; George and Warwick, 1985). Sand 
stabilised by the sand mason L. conchilega is stable enough for colonisation by S. alveolata, 
therefore the same may also be possible for S. spinulosa, as L. conchilega and S. spinulosa 
are sometimes found together (Holt et al., 1997). 
 
In order to assess the association between S. spinulosa and sediment types, sediment 
categories were matched to biotope classes from the Envision 2001 sample data from the 
Wash using (1) infauna and (2) video classes (Table 4). From this analysis it appears that S. 
spinulosa favours silty, cobble/gravel habitats rather than purely sandy habitats. However, 
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these data must be regarded with some caution because (a) dense epifauna on the cobble 
gravel habitat (as observed on the video) might have obscured S. spinulosa, and (b) the silt 
content of the sediment may be due to the Sabellaria themselves through their feeding 
activity and production of faeces. In other words, S. spinulosa may not necessarily favour 
silty environments for settlement and growth, but create the silt once established. Evidence 
from scanning sonar and sediment profiling (see Sections 4.2.1 and 4.3.1.2) suggests that 
reefs might well form on sand waves perhaps due to dense larval settlement that rapidly 
stabilises sand waves. 
 
The consideration of the ‘landscape’ features of the sea floor have been little considered to 
date, but there is accumulating evidence from surveys undertaken for pipeline and cable 
installation that dense S. spinulosa and reefs might particularly favour a combination of a 
suitable substratum for settlement together with a supply of sand. Thus, gravel ribbons next 
to mobile sand features, thin veneers of mobile sand over gravel lags and sides of shelly 
sand banks all appear to favour the development of dense S. spinulosa. 
 

Table 4. Association between S. spinulosa and non-Sabellaria (‘other’) biotopes and the sediment type as 
observed from (1) grab samples (infaunal assessment - high densities with agglomerated tubes in the 
grab), and (2) video data (video assessment - agglomerations of tubes observed) from the Wash (Foster-
Smith, 2002). 

Habitat Infaunal assessment Video assessment 

Sabellaria Other Sabellaria Epifauna Other 

Cobbley gravel 7 5 1 10 5 

Silty cobbley gravel 6 3 8 1 0 

Silty shelly gravel 5 4 6 2 1 

Shelly gravel 4 0 0 3 2 

Gravel 3 2 2 3 3 

Gravelly sand 3 3 0 3 3 

Silty gravel 2 6 2 2 6 

Silty cobbley sand 1 2 0 3 3 

Cobbley sand 0 1 0 1 0 

Shelly sand 0 2 0 1 1 

Silty shelly sand 0 13 1 2 11 

Silty sand 0 2 0 0 2 

 
 
3.4.5 Salinity 
 
Little firm information was found on salinity requirements of S. spinulosa although well-
developed reefs seem to be restricted mainly to deeper waters where salinity would be 
expected to be more or less fully marine. However, records of S. spinulosa have been 
reported from estuaries such as the Crouch and Mersey (Killeen and Light, 2000), whilst the 
reports by McIntosh (1922) of dense aggregations of S. alveolata being particularly common 
in estuaries such as the Tees and Humber are thought to be misidentifications of S. 
spinulosa (Holt et al., 1998).  
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3.5 S. spinulosa - Biology 

3.5.1 Life strategy, reproduction and development 
 
S. spinulosa is present all around the British Isles. It is most frequently found in areas of 
moderate natural disturbance and is an ‘r-strategist’ (based on Hiscock (2003) with 
additional comments from Connor (pers. comm.)). ‘R-strategists’ are characterised by “a life 
strategy which allows a species to deal with the vicissitudes of climate and food supply by 
responding to suitable conditions with a high rate of reproduction. ‘R-strategists’ are 
continually colonising habitats of a temporary nature” (Baretta-Bekker et al., 1992). 
 

3.5.1.1 Spawning 
 
The reproductive seasonality of S. spinulosa is unclear, although spawning probably occurs 
largely over winter with settlement in early spring (Holt et al., 1997). Working in the Plymouth 
area, for instance, Wilson (Wilson, 1970) generally found a spawning period from January to 
March, with a settlement period from March to April. This concurs with observations in the 
Bristol Channel of the appearance of a new cohort in March (George and Warwick, 1985). 
Conversely, Garwood found larvae in the plankton from August to November on the 
northeast coast of England (Garwood, 1982), whilst the Marine Biological Association 
reported the breeding season according to three separate authorities as May, September 
and January-September in the Plymouth area (Marine Biological Association, 1957). 
 
Bhaud (1972) reported larvae of S. spinulosa in the plankton from December to March in 
Mediterranean populations and in August in Scandinavian populations. The breeding season 
of several other temperate polychaetes was also later in Scandinavian populations as 
compared to Mediterranean populations, leading to the suggestion that the breeding season 
is correlated with the thermal regime. Breeding does not occur below or above a specific 
temperature, but is restricted to an optimum value, which appears to be a physiological 
species characteristic (Bhaud, 1972). 
 
The larvae spend between six weeks and two months in the plankton (Wilson, 1970), and so 
dispersal range is likely to be considerable. 
 

3.5.1.2 Settlement  
 
Following their pelagic development, a series of experiments has shown that when the 
larvae of the related species S. alveolata are able to metamorphose, they crawl actively over 
any solid surfaces with which they happen to make contact, seeking indicative characters 
distinctive of their normal adult environment (Wilson, 1968a). If these are not found, the 
larvae are able to postpone metamorphosis for several weeks, remaining in a developmental 
state able both to swim and crawl. If delayed too long, however, some may metamorphose in 
the absence of normal environmental stimuli, whilst others often become incapable of 
metamorphosing normally or may die without metamorphosing. It is possible that the larvae 
of S. spinulosa behave in a similar way. 
 
Purely physical factors have only minor influences on settlement (Wilson, 1968a), but 
experimental lab work has shown that S. spinulosa are strongly simulated to metamorphose 
and settle on contact with the cement secretions of other S. spinulosa, whether the latter are 
adult, newly settled young, or old, deceased colonies (Schäfer, 1972; Wilson, 1970). In the 
absence of any other individuals however, they will eventually, after two or three months in 
the plankton, settle onto any suitable substratum (Holt et al., 1998; UK Biodiversity Group, 
1999). Scallop shells, particularly the king scallop Pecten maximus, also appeared to have 
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some slight settlement inducing properties, though oyster shells, with which S. spinulosa are 
often associated in the southern North Sea, were not tested. While S. alveolata larvae were 
stimulated to metamorphose by cement secretions of S. spinulosa, the opposite was rare 
(Wilson, 1970). 
 
The ability of newly settled young to stimulate the settlement of other S. spinulosa larvae 
suggests that they can ‘accelerate’ the settlement process once it has started (Holt et al., 
1997). This may help explain the massive colonisation described by Linke (1951) in an area 
previously only colonised by scattered individuals (Holt et al., 1997). Conversely, it has been 
suggested that growth and recruitment of S. spinulosa could be inhibited or even prevented 
by dense populations of the brittle star Ophiothrix fragilis, through prevention of adequate 
food particles from reaching the worms (George and Warwick, 1985). This is thought to have 
been the reason behind very low recruitment and growth of S. spinulosa in an area of the 
Bristol Channel in 1976. Fecundity of the adults in the colony was also severely reduced, 
possibly for the same reason. The possibility that the larvae themselves could be filtered out 
by very dense O. fragilis, or by other filter feeders such as Mytilus, was not mentioned but 
should also be considered (Holt et al., 1997). 
 

3.5.1.3 Recruitment 
 
Long term studies of the related S. alveolata at Duckpool, north Cornwall, have shown that 
they have good and bad years for recruitment (Wilson, 1971). Though less work has been 
undertaken on recruitment of S. spinulosa populations, the evidence suggests that their 
fecundity and recruitment may also be very variable, at least in some areas such as the 
Bristol Channel (George and Warwick, 1985) and the southern North Sea (Linke, 1951; 
Michaelis, 1978). Wilson also found experimentally that the larvae of both S. alveolata and 
S. spinulosa have varied rates of development (Wilson, 1968a; Wilson, 1970) which accords 
well with his field observations of varied times of settlement on the shore (Wilson, 1971). 
 

3.5.1.4 Longevity, growth and maturation 
 
There is little information on the longevity of S. spinulosa. Individual worms have been kept 
in aquaria for more than 2 years (Hendrick, 2007). However, long-term studies have found 
that the closely related S. alveolata may live for at least 10 years (Wilson, 1974), and it is 
possible that S. spinulosa may be similarly long lived. 
 
Young Sabellaria individuals construct a narrow thin tube from small sand grains which they 
attach to suitable substratum. Growth of the tubes is irregular and leads to a disorderly 
network where many tubes have come into contact. As the worms grow the sand grains 
used in the tube building increase in size. The worms may continue building in a disorderly 
mode or construct vertical parallel tubes, known as organ-pipe growth (Figure 5). It has been 
suggested that environmental conditions in conjunction with the social behaviour of the 
worms play a role in their building habits (Schäfer, 1972). 
 
Research on the growth of S. spinulosa is limited, but available evidence suggests that 
growth can be rapid. For instance, size-cohort analysis on S. spinulosa from an aggregate 
extraction site on Hastings Shingle Bank indicated that S. spinulosa grows very rapidly in the 
first few months after settlement, and that growth slows dramatically once individuals reach 
their adult size, which appeared to occur within a year of settlement (Pearce et al., 2007). 
Very rapid growth of S. spinulosa is also implied by the earlier observations of Linke (1951). 
Moreover, an experiment to assess the damage caused to S. alveolata reefs by shrimp 
trawls found that all traces caused by the fishing gear had disappeared four to five days later 
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due to the building activities of the worms (Vorberg, 2000). It is possible that S. spinulosa 
may be similarly proficient at rebuilding their tubes. 
 

  
Figure 5. Examples of disorderly network growth (left) and organ-pipe growth (right) of S. spinulosa. Both 
examples are from the same Hamon grab sample taken from the Hastings Shingle Bank in the Eastern 
English Channel. 

 
Holt et al. (1998) reported that S. spinulosa reaches sexual maturity in its first year, whilst 
Linke described the spawning of intertidal S. spinulosa reefs in the southern North Sea as 
having taken place during the first and second years (Linke, 1951). 
 

3.6 Biogenic S. spinulosa reefs as special habitats 
 
Biogenic reefs can have a number of important effects on the physical and probably 
chemical environment (reviewed by Holt et al., 1998). Important influences they confer on 
their environments can include the stabilisation of sands, gravels and stones; the tubes or 
shells of the organisms themselves provide hard substrata for attachment of sessile 
organisms; they may provide a diversity of crevices, surfaces and sediments for colonisation 
and refuge; and they can accumulate faeces, pseudofaeces and other sediments which may 
be an important source of food for other organisms (Figure 6).  

 

 
Figure 6. Drawing illustrating one interpretation of the main faunal components of S. spinulosa reefs 
(Foster-Smith and Sotheran, 1999). 
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It is possible that reefs are a very productive habitat, dominated by filter/deposit feeders, in 
an environment that might be far less productive if it were not for the presence of S. 
spinulosa. The keystone species (such as S. spinulosa) themselves will be predated upon 
and form the basis for a local food chain. Biogenic reefs are consequently of high importance 
to the ecological functioning of the habitats in which they are found. However, whilst the 
fauna associated with reefs is undoubtedly rich and diverse, it is open to question as to 
whether or not these associated species form a special community. 
 

3.6.1 Distribution and rarity of S. spinulosa reefs 
 
S. spinulosa reefs have been recorded most commonly off the east coast of England from 
Lincolnshire, the Wash and Norfolk and the Thames estuary. Reefs have also been recorded 
in the English Channel (Hastings), Dorset and the Severn estuary. The distribution of reefs, 
therefore, follows the density of S. spinulosa records on soft sediment (see Figure 2).  
Nevertheless, reefs are rarely very extensive although sporadic patches may be more 
common than the records indicate. 
 
Although the knowledge that S. spinulosa can generate reefs is not recent, their potential 
importance to sediment ecosystems has only been appreciated in the last few decades and, 
in consequence, the incentive to record reefs (as opposed to the presence of S. spinulosa) 
has been lacking. Thus, the records of the occurrence of reefs around the UK coasts is by 
no means comprehensive or complete and the apparent rarity of S. spinulosa is undoubtedly 
due in part to the under-sampling of this habitat and could simply be a reflection of our lack 
of knowledge rather than the reefs intrinsic rarity. Often new records of reefs are made on 
routine surveys (e.g. for environmental baseline surveys for projects such as marine 
aggregate extraction and pipeline  laying) using remote sensing techniques (usually 
sidescan) to detect ‘anomalous’ ground types and  subsequent ground truthing  using video 
or still photography. For example, the ESFJC have made new discoveries using AGDS once 
their surveyors have become aware of the type of acoustic ‘signature’ that is often 
associated with reefs. The manner in which new records are being made suggest that it is 
very likely that other reefs will be detected given sufficient survey effort and the incentive to 
investigate suitable habitat. 
 

3.7 S. spinulosa - Reef characteristics 

3.7.1 Elevation 
 
The tube structure and typical growth over hard objects suggests that S. spinulosa worms 
build independently of each other (unlike the related S. alveolata), and that their tubes 
coalesce and grow upwards away from the seafloor at high worm densities.  
 
Most reports of S. spinulosa aggregations in UK waters refer to ‘crusts’ or ‘sheets’ of variable 
thickness, but which are rarely more than a few centimetres thick (see Holt et al., 1998). 
Higher elevations have been reported for a few aggregations. The Saturn Reef off the 
Norfolk coast, for instance, was described as having “a profile of around 10 cm in places” 
(BMT Cordah Ltd, 2003), and the intertidal reefs in the Wash observed during this project 
were 10 cm to 15 cm high. However, S. spinulosa have been reported to construct tubes up 
to 50 cm high (Hartmann-Schröder, 1996; Schäfer, 1972). Such heights appear uncommon; 
a reef off the Lincolnshire coast was reported to have heights of up to 30 cm (Foster-Smith 
and White, 2001) as judged from a towed video. However, reefs in the same location 
surveyed for this project in 2006 indicated that the reefs may have overgrown sand waves 
and the tubes themselves were rarely more than 10 cm from their origin in the sand to the 
tube opening. Likewise the tube height of the intertidal reef worms was maximally 17 cm. 
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Figure 7 shows examples of S. spinulosa reef sampled from Area 107 (a licensed aggregate 
extraction site in the outer Wash) and Hastings Shingle Bank in 2006. Both examples are in 
excess of 8 cm.  
 

  
Figure 7. Examples of S. spinulosa reef from Area 107 (A) and Hastings Shingle Bank (B). Note the 
anoxic layer on the bottom of Sabellaria tubes from the Hastings Shingle Bank due to accumulation of 
faeces and fine sediment. 

 
The report prepared by SubSea7 on the Saturn Reef included numerous video clips and still 
images of the S. spinulosa colonies (SubSea7, 2003). These indicated that in the two 
regions densely populated with S. spinulosa consolidation of sediment consisted primarily of 
upright S. spinulosa tubes, which together covered perhaps 80-90% of the substratum in 
those areas. The BMT Cordah Ltd report (2003) from the visual Remotely Operated Vehicle 
(ROV) survey of the Saturn Reef provides an example of indirect height estimation from 
photographic images. Some of these images are shown later in this report (Section 
4.3.1.4.1). The estimated profile of around 10 cm would imply a moderate elevation. The 
elevation of a reef discovered to the west of Inner Dowsing by the ESFJC, meanwhile, was 
determined to vary from 10-15 cm height through direct measurement of samples collected 
by a dredge (Graves, 2005). 
 
Elevated reef is not an obligatory growth form for S. spinulosa, unlike S. alveolata. Thus the 
lack of a well-developed reef structure does not imply sub-optimal conditions for growth 
(Foster-Smith, 2001). The alternative growth form of thin crusts of S. spinulosa can also be 
extensive though they may only be seasonal features, being broken up during winter storms 
and quickly reforming through new settlement the following spring.  
 

3.7.2 Consolidation of sediment 
 
S. spinulosa constructs unbranched dwelling tubes using mucus to bind together sand grains 
and broken shell. In gregarious aggregations, the tubes intertwine to form a rigid structure, 
which additionally collects sand, detritus, and also finer faecal material between the S. 
spinulosa tubes. In a healthy colony, these detritus layers do not interrupt the normal growth 
of the individuals or of the colony as a whole (Schäfer, 1972). In reefs, the sediment 
comprising the S. spinulosa tubes is typically bounded together to such an extent that the 
reef effectively smoothers the underlying substrate.  
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The importance of sediment consolidation to the distinctness of reef is indicated in the 
Habitats Directive definition of reef as ‘biogenic concretion’. The coalescence of substratum 
(whether cobbles, pebbles or softer sediments) distinguishes the colonies from the 
surrounding unconsolidated sediments, the distribution of which is governed by processes 
such as winnowing and transport. The stability imparted by the structure allows many other 
associated species, including epibenthic and crevice fauna, to become established (Figure 
8A). In turn, encrusting species, such as hydroids and bryozoans, consolidate the tube 
agglomerations, thus facilitating the stability of the reef. As such, the fauna is distinct from 
other biotopes and species can become established in predominantly sedimentary areas 
where they would not otherwise be found (Foster-Smith et al., 1997; UK Biodiversity Group, 
1999).  
 

  
Figure 8. A - S. spinulosa tubes fused by encrusting epifauna. B - Crustose S. spinulosa tubes. 

 

In contrast to colonies with an upright morphology, the consolidated tubes of crustose 
colonies typically form a thin veneer across the surface of the underlying substratum and do 
not necessarily concrete larger pebbles together (Figure 8B). Their ability to trap sediment is 
also less. Furthermore, this growth form is frequently considered to be much less stable than 
consolidated cobble and reefs, being more susceptible to disturbance during winter storms 
and to damage from physical impacts (Holt et al., 1998).  
 
The distinction between a thin veneer over unconsolidated pebbles and substrata where the 
worms concrete and fuse together cobbles and gravel can be facilitated by applying a reef 
scale to the sample/area in question. The scale below (Table 5) was developed by project 
partners and Tim Worsfold, Unicomarine to help assess Hamon grab samples for ‘reefiness’. 
 

Table 5. Sabellaria reef scale to help assess Hamon grab samples for ‘reefiness’. 

Sabellaria reef scale 

1. Discreet tubes only; none connected (<1 cm thick). 

2. Some connection between tubes but not overlapping (accretions <1 cm thick). 

3. Some tubes on top of each other in three dimensions (accretions 1-2 cm thick). 

4. Many tubes overlapping but no incorporation or joining of stones (accretions 1-2 cm thick). 

5. Stones joined by tubes; most tubes overlapping or connected (accretions >2 cm thick). 

  If 5. state maximum thickness. 
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3.7.3 Spatial extent 
 
Spatial extent is another important physical characteristic of a reef, a more extensive colony 
may be considered to have greater conservation significance than a smaller, but otherwise 
similar one. Problematically, the boundaries of such reefs are rarely distinct, with 
aggregations often having a more substantial core, which becomes increasingly patchy 
before petering out. The characteristics of the whole structure can thus vary throughout its 
extent. Consequently, it is suggested that the scoring of different features is focused on the 
core area of a colony, the boundaries of which should be the point at which the overall score 
begins to decrease due to the inclusion of areas of ‘poorer’ quality. 
 
Few reports of S. spinulosa aggregations in the literature give clear descriptions of the 
colonies, particularly in relation to their size. Exceptions to this include the reef described by 
Linke (1951), which was 6-8 m wide, 40-60 cm high and 60 m long on the island of 
Norderney; and also an aggregation at the mouth of the Wash described from underwater 
video as protruding up to 60 cm above the surrounding seabed and extending more or less 
continuously for hundreds of metres (Foster-Smith et al., 1999). Results of the surveys 
undertaken as part of this project indicate that dense S. spinulosa aggregations and reefs 
extend over areas at least 5 km2 subtidally in the aggregate extraction site 107, and the 
lengths of two intertidal reefs in the Wash were measured at 0.2 km and 0.5 km (they 
extended subtidally and their width was not directly measured, but were in excess of 
0.08 km). Less specific descriptions refer to huge colonies (Hartmann-Schröder, 1996), 
which occasionally cover several square kilometres (Schäfer, 1972). 
 

3.7.4 Patchiness 
 
The spatial patchiness of S. spinulosa aggregations should also be quantified during the 
assessment of a reef since video evidence suggests that this can vary greatly. It is difficult to 
give a precise measure of patchiness of subtidal reefs, but in some areas, for instance, video 
tows have shown well-developed reefs extending for many metres interspersed with 
occasional small patches of sand. In contrast, in other areas the colonies formed small 
patches of only a few metres extent or less dominated by surrounding sand. Direct 
measurements of cover were made from 1-metre quadrats of the intertidal reef in the Wash 
in 2006 (Figure 9). Cover ranged from 15% to 25% with individual clumps typically having a 
maximum dimension of 25 cm to 30 cm. However, the ESFJC has monitored this reef in 
previous years and they report that initially the reef covered the area much more completely. 
Incidentally, this reef has persisted to 2009 (Ian Reach, Natural England, pers. comm.). 
 

  
Figure 9. Intertidal S. spinulosa reef in the Wash: Left panel shows a typical 1 m quadrat; right panel is a 
vista of the reef site. 
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Such spatial patchiness of S. spinulosa colonies influences the degree of distinctiveness of 
the reef habitat relative to the surrounding area. It also complicates the determination of 
spatial extent of a reef if the positions of the boundaries are consequently unclear.  
 
The Saturn Reef serves as a useful example of the interplay of spatial extent and patchiness 
in determination of the size of a reef. This reef was first identified during an assessment of a 
proposed pipeline route, and surveyed visually using an ROV to determine its extent 
(BMT Cordah Ltd, 2003). The total area of the reef, as identified by BMT Cordah, was 
approximately 750 m2, although the reef was patchy and coverage varied considerably 
within this area. Perhaps more informative, however, is to consider two different zones of the 
reef separately according to the density of reef coverage. Thus, the combined area of two 
densely covered zones was approximately 250 m2. Video footage and still images from 
these two areas indicated that the reef structures are almost continuous. However, a further 
area of approximately 500 m2 was considered to exhibit less dense coverage and was 
patchier in nature. The confidence in the area covered, however, was less good since a 
large area between the two core zones was unsurveyed, and the boundaries of the eastern 
patch in particular was not intensively surveyed. 
 
Aggregate licence Area 107 serves as another example for reef patchiness where video and 
grab records of S. spinulosa from a small area are very variable (see also Table 6 and Table 
7). This small-scale patchiness in the spatial distribution of Sabellaria reef is also reflected in 
a SnapDV video mosaic derived from underwater video footage from Hastings Shingle Bank 
(Figure 10). 

 

 
Figure 10. SnapDV video mosaic from underwater video footage showing small-scale patchiness of Sabellaria 
reef at Hastings Shingle Bank: 1 = patches of Sabellaria reef; 2 = areas with no reef structure. 
 
 
3.7.5 Longevity of reefs and temporal stability 
 
It is expected that a persistent, stable biogenic concretion would have greater value in 
respect of the aims of the Habitats Directive than an otherwise comparable habitat with an 
ephemeral nature, as this suggests an enhanced ‘structure and function’ of the habitat. 
However, there are many aspects to the persistent nature of this biogenic habitat that need 
to be considered regarding stability: How long can a reef last? How quickly can it generate 
and degenerate? If it disappears, will another reef be generated in the same location within a 
short period or do reefs appear randomly over large swaths of the sea floor? 
 

3.7.5.1 Persistence and causes of degeneration 
 
To date, there have been few studies on the persistence of S. spinulosa colonies and most 
information is somewhat anecdotal. It has been suggested that the age of a colony may 
greatly exceed the age of the oldest individuals present, since empty concretions of S. 
spinulosa sand tubes are frequently found and must be able to persist for some time in the 
marine environment (UK Biodiversity Group, 1999; Wilson, 1970). In contrast, Schäfer 
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(1972) noted that some reefs of S. spinulosa survive for one or two years only, unless 
reinforced by new settlement, suggesting a shorter life span. An indication of the temporal 
stability of a Sabellaria colony can only be satisfactorily realised through repeat sampling 
and such studies are lacking. It may, however, be possible to get an indication of the 
longevity of a colony through size-cohort analysis of a Sabellaria sample, the presence of 
different size cohorts being suggestive that the colony has existed sufficiently long to 
experience different years of recruitment (George and Warwick, 1985). 
 
It has been considered that stability of the reefs is to some degree a function of stability of 
the substratum. The more transient reefs that have been reported (reviewed by Holt et al. 
(1998)) probably occur principally on relatively unstable substrata, while longer lasting reefs 
could be a product of more stable substrata (Connor et al., 1997b; Holt et al., 1997).  
 
There are numerous reports in the literature of the disappearance of large S. spinulosa 
aggregations. In several cases, the declines have been attributed to anthropogenic 
disturbance such as the grinding with heavy gear by shrimp fisheries (Reise, 1982; Reise 
and Schubert, 1987)  In other cases, the causes of decline appear to be more natural. In 
Dorset, for instance, a reef discovered in Poole Bay was found to have be overlain with sand 
to a depth of 20-30 cm two years later (Hiscock, 2004). Evidence for rapid burial of colonies 
has also been detailed by Schäfer (1972) in his descriptions of the paleoecology of 
Sabellaria reefs. Thus while there is little concrete knowledge regarding the natural 
fluctuations that populations of Sabellaria undergo, the possibility that all such aggregations 
may naturally be temporally variable should be taken into consideration when distinguishing 
reef and determining the relative importance of different aggregations.  
 

3.7.5.2 Reef growth and recovery 
 
Whilst some aggregations may be short-lived with the reef disintegrating and disappearing 
soon after the death of the reef-builders, in other cases the reefs may repeatedly develop 
and decline in a regular progression through resettlement after each successive generation 
has died. Larvae of S. spinulosa are strongly stimulated to metamorphose by the secretions 
of their own species, and therefore settle preferentially on sediment used previously by other 
S. spinulosa individuals (Wilson, 1970). Hence they may build on either the ruins of earlier 
reefs, or on still well-preserved or even partly inhabited older structures (Schäfer, 1972). 
Whilst this preference can ensure continuous succession of generations, it can also promote 
recovery of a reef which had previously deteriorated, providing prevailing environmental 
conditions are still appropriate.  
 
The recovery of an aggregation following damage or decline can be rapid. Average tube 
growth rates of 4.4 mm/day have been recorded in situ for colonies of the related species 
S. alveolata, following damage from trawling (Vorberg, 2000), for example, whilst laboratory 
observations indicate that S. spinulosa are capable of tube growth rates of at least 6 mm/day 
(Hendrick, 2007). Rapid growth has also been reported for a newly extant reef, challenging 
the contention that the establishment of a reef is necessarily lengthy to allow for the gradual 
colonisation of layers of sand. Linke (1951), for instance, suggested a S. spinulosa colony 
arising from a single spawning event off Norderney, consolidated an estimated 800 to 
1000 m3 of sand in less than six months. In a more recent study undertaken at an aggregate 
extraction site on Hastings Shingle Bank colonisation and development of a significant 
S.spinulosa aggregation was observed within 18 months following the cessation of dredging 
and development to a stage equivalent to the oldest aggregations observed in the area was 
assessed as likely to be complete within three years (Pearce et al., 2007). These results 
indicate a high capacity for recovery of S. spinulosa aggregations following damage or 
decline subject to a supply of larvae and remaining suitable seabed conditions.     
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A fluctuating population structure with significant declines and high recovery rate is typical of 
‘r-strategists’, of which S. spinulosa is considered to be an example (Hiscock, 2003; Holt et 
al., 1998). ‘R-strategists’ typically exist well below the carrying capacity of their environments 
(MacArthur and Wilson, 1967) and have life history strategies which enable them to exist in 
variable or unpredictable environments, responding to suitable conditions with a high rate of 
reproduction and rapid development (Krebs, 1985).   
 

3.7.5.3 Evidence for cyclical regeneration 
 
There is much evidence to suggest that reefs generate and degenerate over a time span 
ranging from months to a few years. Foster-Smith, for example, illustrated large changes in 
the overall proportion of some key species in the Wash between 1997 and 1999 and there 
appeared to be a decline in the relative abundance of S. spinulosa (Foster-Smith and White, 
2001). CEFAS monitoring work at Area 107 between 1995 and 1999 also suggested that S. 
spinulosa communities were subject to considerable fluctuations over an annual cycle. 
Furthermore, there was some evidence that a decline in S. spinulosa numbers was 
coincident with an increase in L. conchilega numbers (CEFAS, 1998; CEFAS, 1999; DFR, 
1995; DFR, 1996a; DFR, 1996b; DFR, 1997). Degeneration and subsequent recovery has 
also been observed through continued monitoring of the Dorset reef (Sara Welton, 2005, 
pers. comm.), and fluctuations of S. spinulosa are exemplified by surveys at Area 107 and 
Saturn Reef. 
 

3.7.5.4 Spatial and temporal variability 
 
Although it may seem very likely that the observed patterns of spatial patchiness would also 
be matched by temporal instability, there is great uncertainty in interpreting the temporal 
data. Assessing such temporal change is complicated by the patch dynamics of the reef 
system including reef build-up and break-down involving other related S. spinulosa biotopes. 
Surveys that test the spatial and temporal variability of reefs are few. They require a 
combination of remote survey to map the indicators of reef occurrence and statistical 
sampling to assess the extent of change. 
 
Unsystematic but intensive sampling (thus, anecdotal rather than statistically robust) indicate 
the reefs can fluctuate considerably. The Saturn Reef site off the Humber is a site that has 
been the subject of a number of studies over a period of several years and it seems that S. 
spinulosa populations have shown significant fluctuations over time. In June 2003, Conoco 
Phillips conducted a sidescan sonar survey of an area of seabed approximately 60 miles 
east of the Humber in water depths of approximately 25 m, ahead of the Saturn pipeline 
installation. This survey work identified a backscatter pattern on the sidescan image, which 
could not be immediately explained. Subsequently, BMT Cordah Ltd conducted an ROV 
survey of the area and confirmed that the sidescan survey had identified an area of S. 
spinulosa reef which became known as Saturn Reef. The reef structures were well 
developed (Figure 11) and widely distributed over an area of 0.25 km2 (see also Section 
4.3.1.4.1). 
 
Later in August 2003, Envision Mapping conducted a swath bathymetric survey of Saturn 
Reef with video ground truthing. The purpose was to find an area of well developed reef for 
regular monitoring. However, despite intensive searches, no well developed reef was found. 
In June 2005, Cefas conducted pilot survey work for this project at the Saturn Reef site over 
the area surveyed by BMT Cordah Ltd and by Envision. Cefas survey work constituted 
sidescan sonar, multibeam bathymetry, video sledge tows, Hamon grabs and 2m beam 
trawls. Sidescan sonar imagery indicated features which might have suggest the presence of 
reef (Figure 12). However, underwater video footage showed that although there were 
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occasional, low, patchy agglomerations of Sabellaria tubes (Figure 13), the well developed 
reef identified by BMT Cordah Ltd in 2003 was absent from the area it was previously seen 
in. To add to the uncertainty, a 2 m beam trawl sample collected from an area showing reef-
like structures on the sidescan image contained large quantities of S. spinulosa tubes 
(Figure 14). 
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 11. ROV image of well 
developed S. spinulosa reef 
structures at Saturn Reef, 2003. 
© BMT Cordah Ltd 

 

 
Figure 12. This sidescan sonar image from Saturn Reef in 2005 shows structures on the seabed, which 
possibly indicate the presence of agglomerations of S. spinulosa (1). The orange dots show the track of a 
camera sledge tow where low agglomerations of S. spinulosa tubes were observed. The blue solid line 
shows the track of the 2 m beam trawl, and the red dot on the left of the image is the location of one of the 
Hamon grab samples collected as part of the same survey. The sidescan image shows an area of seabed 
approximately 250 m x 500 m. 
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Figure 13. Still image of low agglomerations of S. spinulosa, typical of those found in dispersed patches 
at Saturn Reef. This image was taken along the beam trawl tow shown in Figure 14 below. 

 

 
Figure 14. 2 m beam trawl sample collected from Saturn Reef in 2005, adjacent to the video screen shot 
shown in Figure 13 above. The total sample volume was approximately 120 litres, of which approximately 
60 litres was made up of broken S. spinulosa tubes. Note the large quantities of Asterias rubens in the 
sample. 
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In 2006, Cefas and Envision conducted further survey work at Saturn Reef as part of this 
project. Despite intensive camera sledge surveys at the sites where S. spinulosa reef had 
been located previously, no observable agglomerations were found. Extensive camera 
sledge survey work was conducted over the wider region, but no reef structures were found. 
Although it is possible that small, isolated reefs may have been missed, the widespread 
sampling makes it unlikely that any significant reef was present. It is concluded that the reef 
had disappeared from the area during the period 2003-2006 and may have disappeared a 
few months after it was first described at that site. 
 
No firm explanation can be offered for the disappearance of S. spinulosa reef at this site 
although a number of possibilities exist. Video footage and still images from 2003 and 2006 
showed that high densities of the common starfish Asterias rubens were present. It may be 
the case that starfish prey on the worms and are a major factor in the decline of reefs. It is 
also the case that demersal fishing activity is common in the area, as it is over much of the 
North Sea. Studies have shown that demersal fishing activities have the potential to 
seriously damage S. spinulosa reef structures (Reise, 1982; Reise and Schubert, 1987; 
Riesen and Reise, 1982) and it may be the case that trawling activities in the Saturn Reef 
area have destroyed this habitat. However, no clear recent trawl marks were apparent from 
the sidescan images and it is possible that S. spinulosa reefs are naturally ephemeral in 
nature and that they rise and decline as a response to as yet undetermined natural 
conditions. 
 
An example of a more systematic survey is that from aggregate licence Area 107 and Lynn 
Knock in the outer Wash area. A survey based on 10 randomly selected sample stations 
within 1 km2 ‘superquadrats’ was designed in 2001 (by Envision for English Nature, now 
Natural England), and the abundance of S. spinulosa was monitored in two quadrats (one in 
Area 107 and one near Lynn Knock in the Wash) in 2001, 2003, 2004 and 2005. Infauna 
was sampled using a 0.1 m2 Day grab (Table 6).  
 
Table 6. Abundance of S. spinulosa at 10 stations within a 1 km2 ‘superquadrat’ in (1) licence Area 107 and (2) 
near Lynn Knock in the Wash for the years 2001, 2003 2004 and 2005. Numbers of Sabellaria per 0.1m2 Day 
grab. Note that the sample data are incomplete due to adverse conditions during some of the surveys. 

Area 107 Lynn Knock (Wash) 

2001 2003 2004 
(July) 

2004 
(Nov) 

2005 2001 2003 2004 
(July) 

2004 
(Nov) 

2005 

85 173 310 439 240 92 3 n/a 756 784 

9 73 240 639 405 532 3 n/a 183 2 

459 113 78 121 173 401 5 n/a 2 2 

413 14 296 739 111 263 18 n/a 70 126 

578 241 679 919 474 169 25 n/a 628 4 

399 77 101 36 160 196 11 n/a 1278 104 

154 602 193 113 147 341 1 n/a 1198 3 

157 173 104 4 992 403 14 n/a 2355 625 

23 93 79 600 206 74 1 n/a 122 390 

17 104 21 1230  27 2 n/a 541 170 

   Mean    Mean 

229 166 210 484 323 249.8 8.3 n/a 713.3 221 
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An ANOVA performed on the grab data indicated a significant difference between the mean 
abundances of S. spinulosa at Lynn Knock (p = 0.0036), which were explained by the very 
low numbers in 2003 (confirmed by a Tukey-Kramer test). No significant difference between 
Sabellaria abundances were observed in Area 107.  
 
The same sample stations were also sampled using a video system consisting of a short tow 
(about 50 m) across the grab sample sites (Table 7). The video data were scored for reef 
development and extent from 1 (very few signs of reef) to 4 (extensive and well developed 
reef). Data for Area 107 was only available for 2001 and 2004 and, therefore, only data for 
Lynn Knock are presented here.   
 

Table 7. Video assessment data for Lynn Knock for the 
years 2001, 2003 and 2004. Scores are explained in the 
text above. No video samples were collected in 2005. 

Lynn Knock (Wash) 

2001 2003 2004 

3 1 4 

4 1 3 

4 1 4 

3 1 4 

3 2 3 

3 1 3 

4 1 2 

4 1 2 

2 1 1 

2 1 1 

3 1 3 

   Median 

3 1 3 

 
The video data confirmed the decline in Sabellaria numbers at Lynn Knock between 2001 
and 2003 and a subsequent increase in numbers between 2003 and 2004. Thus, although 
the infaunal analysis provided a more quantitative approach than the video data, both 
techniques showed the same trends over time. However, although the quantitative data from 
the grab samples are more sensitive to detection of change than the semi-quantitative 
approach appropriate for video analysis, the power of the sampling regime to detect change 
is low in both cases due largely to the inherent variability between samples. 
 

3.7.6 Faunal composition of Sabellaria reef habitats 
 

3.7.6.1 Sabellaria density 
 
Recorded densities of S. spinulosa aggregations vary widely. Densities of up to 316 per m2 
have been reported for the National Marine Monitoring Programme off Selsey Bill and of 120 
per m2 by the Belfast Lough North Channel Disposal Ground Monitoring Survey (MarLIN, 
2006). Denser aggregations of over 3,000 individuals per m2 were reported for a reef 
sampled by Day grab in the Bristol Channel (George and Warwick, 1985), and densities of 
over 4,500 per m2 were reported for a reef in the Wash (National Rivers Authority, 1994). In 
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2006, densities of over 12,000 per m2 were counted from Hamon grab samples taken from 
Area 107 in the Wash. 
 
The characteristics of biogenic reefs are all linked to the density of aggregation. It has been 
suggested (Schäfer, 1972; Schwartz, 1932), for instance, that the growth morphology of 
S. spinulosa may be influenced by density, such that an upright growth form is a reflection of 
competition for space. This would suggest that a biogenic concretion produced by a high 
density aggregation of S. spinulosa is more likely to result in a substantial, elevated structure 
than that of a lower density colony, though a colony in an early developmental stage may not 
yet have reached its full height. S. spinulosa density could, therefore, be an indicator of 
potential development. Similarly, the density of S. spinulosa is fundamental to all other 
features of S. spinulosa aggregations, and hence where information is available, it is 
appropriate to score this characteristic of a colony also. 
 
However, surveys have shown that although colonies may support large numbers of adult 
individuals, dense populations of S. spinulosa do not necessarily correspond to the 
occurrence of visible reef. Foster-Smith (2001), for example, found very dense populations 
of S. spinulosa in one area surveyed, despite the apparent recent disappearance of reef 
from this location as ascertained by video. 
 
Density/frequency plots of S. spinulosa from grab samples taken from the broad scale 
survey of the Wash undertaken by Envision between 1996-1999 (Foster-Smith and 
Sotheran, 1999) show a more or less exponential relationship with fewer high density 
samples although there is some evidence of a slight rise in frequency of high density S. 
spinulosa samples. This must be viewed with caution since it may represent a sampling bias. 
Certainly there is no strong evidence of a bimodal distribution. Thus, it is by no means 
certain if reefs are sufficiently distinct from other non-reef S. spinulosa biotopes to justify a 
criterion based on density of individuals (Figure 15).  
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Figure 15. Frequency/density plot for S. spinulosa recorded in the Wash, which suggests that reefs are at 
the extreme end of a frequency distribution, although reefs were associated with samples of densities 
greater than 375 per 0.1m2 (red bars). 
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3.7.6.2 Abundance and species richness 
 
Biogenic reef and the thicker crusts of S. spinulosa seem to have a considerable influence 
on the benthic community structure (Connor et al., 1996). George and Warwick (1985), for 
instance, reported that S. spinulosa reefs contained a more diverse fauna than nearby 
areas, whilst the National Rivers Authority (NRA, 1994) found that sites in the Wash 
associated with S. spinulosa had more than twice as many species and almost three times 
as many individuals (excluding the Sabellaria themselves) as sites with low, or no, S. 
spinulosa. However, the data also showed that whilst high densities of S. spinulosa were 
associated with high species diversity and abundance of other species, the converse was 
not necessarily true - high diversity and abundance could be associated with low or 
moderate densities of S. spinulosa (Figure 16). In fact, the highest abundance of other 
species and number of taxa were recorded in samples with moderate densities of Sabellaria. 
This is perhaps not surprising since other biotopes can occur on substrata suitable for S. 
spinulosa. In particular, rich epifauna can grow on cobble and, indeed, on S. spinulosa tubes 
themselves. 
 

  
Figure 16. The relationship between abundance of S. spinulosa and abundance of other species (left 
chart) and between abundance of S. spinulosa and number of taxa (right chart) in samples from the NRA 
(1994) dataset (numbers per 0.1 m2). The curved line represents the lowest level of abundance or 
diversity given the representation of S. spinulosa found.  

 
This pattern is found commonly in datasets from the Wash and East Coast: For example, a 
similar relationship was found between S. spinulosa abundance and species number from 
the areas sampled within the Wash by Envision in 2006 (Figure 17). The data included 
stations that had (1) well developed reef, (2) low elevation, patchy reef, (3) areas of broken 
tubes but no reef and (4) no reef or tubes.  
 

 

 

 

 

 

 

 

 

Figure 17. The relationship between Sabellaria 
abundance and species number (all Hamon 
grab data are from the Envision 2006 survey) 
(numbers per 0.1 m2). 
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3.7.6.3 Species composition and associations 
 
Numerous species have been reported in association with S. spinulosa, although virtually all 
are found widely in other communities. Connor et al. (1997b) for instance, describe S. 
spinulosa communities with attached Polydora tubes, and with an infauna of typical 
sublittoral polychaete species, as well as the bivalves Abra alba and Nucula nitidosa, and an 
epifauna including tubeworms, pycnogonids, hermit crabs and amphipods. From his studies 
in the Wash, Foster-Smith has also reported associated anemones, as well as high densities 
of shrimp like organisms, probably mysids, which could be seen immediately above the reef 
on video footage.  
 
Off the east coast of England, S. spinulosa reefs seems to have a particular strong 
association with the commercially valuable pink shrimp P. montagui to the extent that 
fishermen pursuing P. montagui have been reported to use small trawls to search for lumps 
of S. spinulosa which they regard as an indication of good fishing grounds (Warren and 
Sheldon, 1967). Associations between S. spinulosa aggregations with high numbers of 
crustaceans have also been observed at other locations including a strong association with 
the porcelain crab P. longicornis at Hastings Shingle Bank in the English Channel (Pearce et 
al., 2007). Pearce et al. (2007) suggest that this association is important in terms of the food 
web as Pisidia longicornis is likely to become an important source of food for fish and 
possibly larger invertebrates as well. The authors further argue that S. spinulosa 
aggregations may be more significant in their ability to support a super-abundance of certain 
crustacean species than their ability to significantly increase species diversity. 
 
During the 2006 survey at Hastings Shingle Bank undertaken as part of this study, 
considerable numbers of queen scallops Aequipecten opercularis were observed on patchy 
S. spinulosa reef. The S. spinulosa reef structures may have provided settlement sites and 
refuges for the juvenile scallops similarly to that found by Kamenos et al. (2004) at maerl 
grounds. Scallops in such high densities may also compete with the S. spinulosa for food.  
 
As noted above, all of the species associated with Sabellaria are common and are found in 
other communities. The distinctiveness (or otherwise) of the faunal composition of high-
density S. spinulosa biotopes may also be another facet of reef that requires addressing. 
The overlap between high density S. spinulosa samples and species-rich but non high 
density S. spinulosa samples was illustrated using the samples collected by Envision 
between 1996 and 2001 (Foster-Smith, 2002). Multi-dimensional scaling (MDS) ordination 
was applied to the site/species abundance data, and the two axis MDS plot is shown in 
Figure 18. The blue circles are low density Sabellaria samples and the red circles are high 
density samples. A reference site (or datum) was created from the average faunal 
composition of the records with the highest densities of S. spinulosa, and then a percentage 
similarity was calculated for each real data point relative to the reference datum (with S. 
spinulosa excluded from the calculation). These similarity values were tagged to the MDS 
point sample distribution and the similarity values were then interpolated within the 
coordinates of the MDS plot and contoured. 
 
It is clear that there is considerable overlap in species composition between sites with low 
and high Sabellaria densities and there is no obvious clustering of the high density sites. 
This would indicate that the Sabellaria reef/high density community in the Wash region is not 
clearly distinct from other habitats with high total abundances of all species. This lack of 
distinctiveness would appear to hold true for other large datasets within the Wash and it may 
be the case that the biogenic structure simply increases biomass of species drawn from the 
species pool within the locality. This hypothesis has not been tested on reefs in other 
regions. 
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Figure 18. MDS plot of all grab data collected by Envision between 1996 and 2001 in the Wash with sites where 
Sabellaria comprised more than 20% of the total number of individuals are shown in red and samples with low 
densities of Sabellaria are shown as blue circles. The contours show the similarity of the samples to a reference 
site derived from the average species composition of sites with high densities of S. spinulosa (Foster-Smith, 
2002). 
 
 
3.7.6.4 Competitors, predators and parasites 
 
As noted above, an association between the pink shrimp P. montagui and S. spinulosa reefs 
has long been appreciated (Warren, 1973; Warren and Sheldon, 1967). Although laboratory 
observations of the feeding habits of P. montagui have demonstrated a predatory capability 
(Warren, 1973), the association may be as much a function of the often prolific nature of the 
benthic food supply associated with S. spinulosa colonies, as of the presence of the worms 
themselves (Rees and Dare, 1993). 
 
The recent experiences of Envision and Cefas suggest that large numbers of the common 
starfish A. rubens are frequently encountered in association with S. spinulosa reef. It is not 
clear what the association might be, but starfish would be capable of feeding on the 
Sabellaria worms within their tubes, or some other species that is associated with the reef 
structure. 
 
Other polychaetes such as Lepidonotus have also been reported as predators of Sabellaria 
(Schäfer, 1972), whilst George and Warwick (1985) have suggested that growth recruitment 
of S. spinulosa could be inhibited or even prevented through competition for feeding space 
by dense populations of the brittlestar O. fragilis. They proposed that the brittlestars may 
monopolise the suspended food resource with an umbrella of feeding arms, preventing all 
but a few particles from becoming available to other species below. It is conceivable that 
other filter feeders such as M. edulis may have similar competitive potential. 
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In a biogeographical study of molluscs around the British Isles and the north coast of France, 
Killeen and Light (2000) found a recurring association between the two sabellariids in this 
region S. spinulosa and S. alveolata and two marine snails: the pyramidellid gastropod 
Noemiamea dolioliformis, and the aclid Graphis albida. The Pyramidellidae is a family of 
small, white gastropods, all of which are ectoparasites of other marine organisms, 
particularly polychaetes and molluscs. Whilst few are considered to be host-specific, the 
evidence from Killeen and Light’s study indicated that living animals of N. dolioliformis are 
only ever associated with Sabellaria spp., though there is no evidence for a preference for 
either species. Though aclids are principally parasites of echinoderms, G. albida also 
showed a clear relationship with Sabellaria spp. As yet, however, there is insufficient 
evidence to determine whether it associates only with these polychaetes. 
 
Killeen and Light (2000) also recorded four other pyramidellids from their Sabellaria 
samples: Partulida spiralis, Odostomia turrita, O. plicata, and O. unidentata, and inferred that 
all of these species were feeding on the Sabellaria worms. The work did not establish 
whether the snails live within the tubes or around the apertures of the worms, though they 
inferred Graphis probably do live within the tubes or attached to the worm bodies, but that 
the adult Noemiamea, at least, live around the worm tube apertures and feed on the worms 
whilst the prey itself is feeding. 

3.8 Sensitivity  
 
In accordance with Holt et al. (1995) and MarLIN (2006), both sensitivity, defined as the 
intolerance of an organism or community to damage or death from an external factor and the 
time taken for its subsequent recovery, and vulnerability, considered as the combination of 
the sensitivity of an organism or community to an external factor and the likelihood of 
exposure to this factor, have been taken into consideration under the general heading of 
‘sensitivity’ here. 
 
The intolerance of S. spinulosa colonies to damage, whether in the form of reefs or thin 
crusts, is unclear. Many studies, for instance, have found that S. spinulosa colonies are 
sufficiently brittle to be quantitatively sampled using grabs (Attrill et al., 1996; Foster-Smith et 
al., 1997; George and Warwick, 1985). Holt, meanwhile, has reported that crusts of S. 
spinulosa on cobble and boulders off the Northumberland and North Yorkshire coasts often 
break up during winter storms (Holt et al., 1997; Holt et al., 1998), and in an assessment of 
the potential impacts of climate change, S. spinulosa was considered to be most vulnerable 
to increased storminess (Viles, 2001).  
 
Vorberg (2000) calculated the load-bearing capacity of sample sections of S. alveolata reef, 
finding the average compressive strength to be 0.22 N/mm2, corresponding to 2.2 kg/cm2, 
whilst Wilson (1970) reported that the tubes of S. spinulosa are harder and stronger than 
those of S. alveolata. Empty S. spinulosa tubes are often found in large numbers in sediment 
samples and appear to be resilient to crushing. This suggests that Sabellaria reefs are 
sufficiently robust structures to withstand high water currents (Schäfer, 1972) and abrasion. 
 

3.8.1 Sensitivity to natural events  
 
It is likely that the stability of S. spinulosa reefs is to some degree a function of the stability of 
the substratum (Holt et al., 1998). This in turn, is likely to be influenced by events such as 
storms. Increased storminess was, coincidentally, considered to be the impact to which S. 
spinulosa is most vulnerable in the event of climate change (Viles, 2001).   
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S. spinulosa is reported as being a fast growing annual, which has lead to the proposal that 
its colonies may be a resilient phenomena (Holt et al., 1998). Nevertheless, the apparent 
rarity of well-developed, stable reefs could be interpreted that an unusual set of 
environmental factors and/or circumstances is required for their formation. Consequently a 
degree of sensitivity to an external factor(s) might be expected. However, it should also be 
supposed that the apparent rarity of such reefs may be due to the under-sampling of this 
habitat to date and could simply be a reflection of our lack of knowledge of where these 
features are located. 
 
One aspect to which S. spinulosa reefs are likely to be susceptible is variability in 
recruitment success. Thus the sensitivity and vulnerability of S. spinulosa to all external 
factors exerting an influence on fecundity and/or recruitment should be considered although 
no conclusions can be made because of the paucity of knowledge. However, competition 
with the brittlestar O. fragilis is thought to have been the reason behind very low recruitment 
and growth of S. spinulosa in an area of the Bristol Channel in 1976 (George and Warwick, 
1985). This not only supports the suggestion that variability in recruitment is important to the 
success of S. spinulosa, but also that fluctuations in the populations of other species could 
affect on Sabellaria. The scant knowledge regarding the predators and competitors of S. 
spinulosa, however, provides little information on which to assess likely sensitivity to 
changes in populations of other species. 
 
Finally, S. spinulosa does not seem to be particularly sensitive to changes in water quality 
(see Section 3.8.2.6) except perhaps in the unlikely event of the supply of sand with which to 
build its tubes being removed. Such an event is, perhaps, more likely to be associated with 
anthropogenic activities rather than with natural events. 
 

3.8.2 Sensitivity to human activities 
 
The greatest sensitivity of S. spinulosa reefs is considered to be physical disturbance, 
typically from fisheries activities or aggregate extraction (UK Biodiversity Group, 1999). Rees 
and Dare (1993), for example, using a four point numerical scale of assessment of ‘risk of 
extinctions through natural and anthropogenic factors’ for a number of benthic species, 
considered that the risk for S. spinulosa from trawl/dredge effects was high, scoring the 
maximum of 4. Although it is generally accepted that S. spinulosa reefs can be severely 
damaged by physical damage in the short term at least, the speed of recovery from such 
damage has long been disputed. Whilst the regeneration of this habitat is classified as 
‘difficult’ (15-150 years) in the Wadden Sea Red List (UK Biodiversity Group, 1999), 
conversely it has been shown that the recolonisation and recovery of S. spinulosa can be 
rapid in areas that are currently dredged for marine aggregates (Pearce et al., 2007). The 
sensitivity of S. spinulosa to different human activities is reviewed in more detail in the next 
sections. 
 

3.8.2.1 Fishing 
 
Trawling for shrimp or finfish, dredging for oysters and mussels, net fishing and potting are 
all believed to cause physical damage to erect S. spinulosa reef communities 
(UK Biodiversity Group, 1999). The impact of mobile gear is thought to break the reefs down 
into small chunks, thus changing the habitat for the rich infauna and epifauna associated 
with this biotope. The individual worms, meanwhile, are apparently unable to re-build tubes 
once dislodged from them (Schäfer, 1972).  
 
The fishery most commonly implicated in the decline of S. spinulosa reefs, appears to be 
that of the pink shrimp, P. montagui. The loss of large S. spinulosa reefs between 1924 and 
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the 1980s from the subtidal shallows and channels of the northern Wadden Sea, for 
instance, is thought to have been a consequence of the long-term effects of shrimp-fishing 
trawls (Reise, 1982; Reise and Schubert, 1987; Riesen and Reise, 1982). Local fishermen 
were reported to have deliberately ground the reefs with heavy gear because the reefs 
ripped apart the nets when fishing for shrimp, destroying the associated shrimp fishery in the 
process (Riesen and Reise, 1982). Shrimp trawling still occurs in these areas and the S. 
spinulosa reefs have effectively been replaced by beds of the blue mussel, M. edulis, and 
sand-dwelling amphipods, Bathyporeia spp. (Reise and Schubert, 1987), though is may be 
partly attributed to an increase in coastal eutrophication, favouring Mytilus (Reise and 
Schubert, 1987; UK Biodiversity Group, 1999). 
 
Damage to S. spinulosa reefs in the Thames Estuary and the Wash has also been attributed 
to the pink shrimp fishery. Here it was reported that “the accepted practice among 
commercial fishermen [was] to search with a small hand dredge for the polychaete worm S. 
spinulosa and then trawl for shrimp in areas where this was found” (Warren and Sheldon, 
1967).  
 
Prawn fisheries were similarly implicated in the loss of S. spinulosa reefs in the approach 
channels to Morecambe Bay (Graham, 1955). Recent surveys suggest recovery of S. 
spinulosa has not occurred in the Bay despite the cessation of fishing many years ago 
(Sankey, 1987), and this seems most likely to be due either to lack of larval supply, or to 
permanent or ongoing alterations to the habitat (Holt et al., 1998). It is worth noting that the 
brown shrimp Crangon crangon are still fished commercially in the general area (Sankey, 
1987). 
 
An intensive beam-trawl fishery for brown shrimps is also present along the German North 
Sea coast, and here fishing effort has increased constantly over recent decades (Berghahn 
and Vorberg, 1997). This has been simultaneous with the changes in benthos of the 
Wadden Sea, further reinforcing the view (Reise, 1982) that beam-trawl fisheries in the 
Wadden Sea have been responsible for the decline of S. spinulosa reefs.  
 
Using underwater video techniques, however, Vorberg (2000), has made direct observations 
of the fishing gear of the Crangon fishery in action on the sea bottom and found that the 
shrimpers did not cause visible damage. These findings were corroborated by his field 
experiments on the reefs of S. alveolata and empirical calculations on the load of fishing 
gear and the compressive strength of the reef. From this he concluded that the trawls used 
in Crangon fisheries cannot cause serious damage to reef constructions, and instead 
proposed that the decline may have been due to natural disturbances such as changes in 
currents or to other anthropogenic measures such as dyking or the building of coastal-
protection structures (Vorberg, 2000). 
 
Although the natural growth and repair capacity of S. spinulosa is such that they can rebuild 
destroyed parts of their dwellings within a few days, provided they are not killed or removed 
from their tubes, the findings of Vorberg (2000) relate exclusively to short-term effects 
following once-only disturbance. The possibility of impairment by shrimping in the medium to 
long-term cannot be ruled out in the event of intensive fishing, despite the relatively light 
gear. The variability in recruitment success adds a further element of unpredictability to 
recovery rates. 
 
Results from this and other studies (Marine Ecological Surveys Ltd, 2006) suggest that 
demersal fishing has the potential to damage or destroy S. spinulosa reef structures. 
Sidescan sonar images from the Hastings Shingle Bank collected by Cefas in 2006 provide 
evidence of the impacts of demersal trawling (probably beam trawls) on the seabed (Figure 
19). These images were collected in the immediate vicinity of an area known to hold S. 
spinulosa reef, and video evidence from the area shows that tubes which were presumably 
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once erect are now flattened and lying on the seabed (Figure 20). It does not seem 
unreasonable to suggest that fishing activity may be responsible for this damage. 
Furthermore, as fishing activity is not limited geographically, there is scope for damage to be 
caused to reef habitats over broad areas. 

 

 
Figure 19.  Sidescan sonar images collected at the Hastings Shingle Bank by Cefas in 2006. This image 
shows the impacts of demersal fishing gear (probably beam trawls) on the seabed (1). S. spinulosa reef is 
known to be present in the area. 

 

 
Figure 20. Still image of flattened S. spinulosa tubes taken during an underwater sledge tow at the 
Hastings Shingle Bank in 2006. This location is close to an area of demersal fishing activity and also an 
area impacted by aggregate extraction. 
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3.8.2.2 Aggregate extraction  
 
The wide distribution of S. spinulosa together with its association with areas of mixed 
sediment means that aggregate extraction is very likely to occur in areas where S. spinulosa 
is found. Furthermore, it is clear that in the short term at least, extensive aggregate dredging 
is likely to inflict severe, direct damage on S. spinulosa. In comparison to fishing impacts 
however, aggregate extraction is a heavily regulated activity and current best practice 
dictates that any potential S. spinulosa reefs are zoned out of Active Dredge Zones (ADZs). 
Aggregate extraction is also likely to be more limited in extent, both spatially and temporally, 
so that direct damage to Sabellaria aggregations may be less severe and the potential for 
recovery from adjacent undamaged areas might be higher (Holt et al., 1997).  
 
The likelihood of damage due to sediment plumes in areas adjacent to aggregate extraction 
is presently less clear, since there is limited knowledge of the effects of differing particle 
sizes upon S. spinulosa, for example. However, given the species’ dependence on 
suspended sediments for tube building material and suspended organic matter for feeding, 
the suspension of fine material during adjacent dredging activity is not considered to be likely 
to have serious detrimental effects on the habitat (Holt et al., 1998). Indeed, in a study of the 
Wash, Foster-Smith (2001) found that the most well developed reefs seen in the area were 
associated with ground clearly scarred by dredging activity and suggested that this may be a 
result of a reduction in the overburden of sand having resulted in a cobble/sand habitat more 
suitable for S. spinulosa colonisation. Results from recent studies on the Hastings Shingle 
Bank (Pearce et al., 2007) underpin the suggestion that S. spinulosa is not negatively 
impacted by fine sediments mobilised during the dredging process; significant S. spinulosa 
aggregations were found in the immediate vicinity of actively dredged areas, and 
recolonisation and recovery of S. spinulosa was rapid even within the boundaries of sites 
that are currently dredged. Whilst S. spinulosa can be regarded as being relatively 
insensitive to fine sediment mobilised during aggregate extraction, there are currently no 
data that indicate the extent to which this species can tolerate the deposition of coarser 
material released during the screening process.  
 
Sidescan sonar images collected during this project from the Hastings Shingle Bank show 
the impact of suction trailer dredgers on the seabed close to an area known to hold S. 
spinulosa reef (Figure 21). 
 

 
Figure 21. Dense coverage of suction dredger tracks (1) at the Hastings Shingle Bank. These tracks are 
located close to an area known to hold S. spinulosa reef. 
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It is certain that the direct impact of the dredger head on a S. spinulosa reef habitat will be 
considerable. However, as outlined above, it is best practice that any potential S. spinulosa 
reefs are zoned out of ADZs through the establishment of exclusions zones around the 
potential reef areas to avoid both direct and indirect impacts. S. spinulosa reef is also 
frequently found in close proximity to aggregate dredging and recent studies indicate that 
this activity does not appear to preclude the presence of this habitat (Pearce et al., 2007).  
 

3.8.2.3 Offshore renewable energy installations 
 
The current preference for locating offshore renewable energy installations, primarily wind 
farms, in shallow coastal waters, close to or on sandbanks can result in an interaction with S. 
spinulosa reefs. Direct impacts on reef structures can result from the construction of wind 
farms such as loss or damage to reef in the location of turbine foundations and any 
associated scour protection and physical loss due to inter-array and onshore power cable 
installation. Like the extraction of marine aggregates, the generation of electricity by wind 
farms is a well regulated activity, and the sector demonstrates compliance to environmental 
Directives with a responsible approach to mitigating its known environmental impacts. Good 
practice currently dictates that any new wind farm application is required to zone out 
confirmed Sabellaria reef from cable routes and locations of individual wind turbines.  
 

3.8.2.4 Oil and gas infrastructure  
 
The location of oil and gas fields within the southern North Sea can result in coincidence with 
areas known to support historic or extant Sabellaria reefs. Direct damage to or loss of reef 
structures may result from the installation of pipelines and offshore platforms and use of 
anchors. Secondary impacts on reef features may also result, such as smothering of 
Sabellaria through the deposition of drill cuttings, loss of sediment to facilitate tube repair 
and reef building due to disruption of sediment transport pathways as a result of surface laid 
pipelines, destabilising of reef structures through the formation of scour pits, and loss of 
suitable habitat under rock armouring of pipelines. In many ways, the pressure pathways 
and any subsequent mitigation to avoid impacts from the installation of oil and gas 
infrastructure are similar to those for the offshore renewables sector. These involve 
assessment of pipeline routes and platform, well and anchor locations and subsequent re-
direction to avoid known areas of reef.  
 

3.8.2.5 Shoreline development 
 
The predominantly intertidal S. alveolata is considered to be potentially vulnerable to 
changes in sediment regime as a result of shoreline development plans since both large 
scale increases or decreases in sand and mud could be potentially damaging. In most 
cases, however, this is likely to be on a local (and temporary) scale only. Sensitivities of 
subtidal reef areas can only be guessed at present, but are likely to be similar to those of S. 
spinulosa (Holt et al., 1998). Similar arguments would apply to other physical activities 
leading to changes in sediment load such pipe laying and cable trenching (Holt et al., 1998). 
 

3.8.2.6 Water quality 
 
Studies in relation to sewage (Walker and Rees, 1980) and other pollution (Hoare and 
Hiscock, 1974) suggest that S. spinulosa is generally tolerant of changes in water quality 
(UK Biodiversity Group, 1999). This may not, however, be the case for associated biota 
(Connor et al., 1997b). For example, Hoare and Hiscock (1974) investigated the distribution 
of marine organisms around the outfall from a bromide extraction plant in North Wales. The 
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effluent had a pH of 4, and among other contaminants contained free halogens. Species 
richness and diversity was markedly reduced within 150 m of the outfall both intertidally and 
subtidally, with red algae Antedon bifida and Helcion pellicidum being particularly sensitive. 
S. spinulosa was found closer to the outfall than any other organism, however, and was 
found in larger numbers at intermediate distances than further away.  
 
Meanwhile, following surveys of sewage discharge and dumping in Dublin Bay, surveys by 
Walker and Rees (1980) indicated that sludge dumping may actually encourage the 
establishment of Sabellaria. They reported that “in the dumping area and in the southeast of 
the bay downtide of the dump site, where depths are greater, the faunas resembled the 
Nucula / S. spinulosa community of Caspers. As well as having pollution indicator species, 
this latter community generally had greater faunal densities and diversities than elsewhere in 
the bay (except low diversities at the dump sites in 1971). Apart from a possible effect of 
depth, this suggests that the dumping was having an enriching rather than a degrading 
effect, although the probable sediment change since 1974 may imply a change in community 
type”. 
 
Despite S. spinulosa’s tolerance of poor water quality, pollution is, nevertheless, listed as 
one of the major threats to S. spinulosa in the Wadden Sea. The S. spinulosa reefs lost from 
this area, probably as a consequence of fishing activities, have been replaced by beds of the 
blue mussel M. edulis, and sand-dwelling amphipods Bathyporeia spp. This has been partly 
attributed to an increase in coastal eutrophication favouring Mytilus (UK Biodiversity Group, 
1999). 
 
Although S. spinulosa can probably be regarded as being relatively insensitive to changes in 
water quality induced by man’s activities, the exception to this will be situations in which 
sediment loadings are altered, perhaps by changes in water movement as a result of a 
construction. Pollution in the form of increased sediment loading is probably more usual, 
however, for example due to dredging activities (see Section 3.8.2.2).  
 

3.8.2.7 Chemical contaminants 
 
Some practitioners have considered it unlikely that S. spinulosa shows any special sensitivity 
to chemical contaminants (Holt et al., 1998), although direct evidence is limited. As 
discussed previously, S. spinulosa was relatively unaffected by an outfall from a bromide 
extraction works containing free halogens (Hoare and Hiscock, 1974). The only other 
information found relating to the sensitivity of S. spinulosa to chemical contaminants, 
however, was in connection with work on oil dispersants. Larvae of S. spinulosa were 
‘intensely irritated’ by a 1 ppm concentration of oil dispersant (detergent BP 1002). Although 
they initially appeared to recover following the evaporation of the solvent fraction, they 
nevertheless died several weeks later while larvae in uncontaminated control experiments all 
survived (Wilson, 1968b). Concentrations of 2-5 ppm killed the larvae within a day or two. 
Since the toxicity of detergents varies enormously and no other species were tested, it 
cannot be concluded that this represents a strong sensitivity by S. spinulosa to such 
chemicals. Further experiments in which larvae were provided with sand that had been 
soaked in stronger concentrations of the detergent found that larvae crawling onto the sand 
were damaged, though the toxic effect disappeared after some days (Wilson, 1968b). As 
direct evidence is limited, it is not possible to confidently conclude whether S. spinulosa 
reefs have either any sensitivity to or robustness against such chemical contaminants. 
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4 Effective means of detection, mapping and sampling 
S. spinulosa reef 

 

The purpose of this section is to present an overall account of the technologies used in 
surveys undertaken primarily to detect, map and describe S. spinulosa reefs. A wide range 
of techniques is described but the selection is not comprehensive: The focus is on 
techniques that were used in the filed work associated with this project. The section has 
been divided into (1) acoustic techniques for remote detection and mapping ‘remote 
techniques’ and (2) ‘ground truthing’ techniques for direct observation and sampling. Most 
survey strategies employed for mapping the extent of reefs and associated biotopes have 
used a combination of techniques from both categories: Direct observation and sampling 
have been used to ground truth the remote images and the distribution and extent of 
habitats inferred from the remote images. It is likely that this basic strategy will remain valid 
for the foreseeable future since it is already evident that remote sensing technologies do not 
have the capability to detect the full range of Sabellaria biotopes without ground truthing.  
 

4.1 Acoustic remote sensing 
 
Techniques based on the electromagnetic spectrum (EMS), such as aerial photography, 
multispectral sensors and LiDAR (Light Detection and Ranging), are not suitable for remote 
sensing in turbid and deep water. Sonar techniques provide the only realistic alternative. 
Although there are superficial similarities between EMS and sonar, the production of sound 
and the way it interacts with the sea floor need some introduction before the various 
techniques can be discussed.  
 
The simplest system is the single beam echosounder (Figure 22): A transponder vibrates at 
a given frequency (equivalent to a monochromatic light source) for a fixed duration 
transmitting a short pulse of energy into the water. Transducers shape the sound into an 
approximate cone (rather than broadcasting the sound in all directions) and the pulse forms 
a convex wave front at the base of the cone (travelling at about 1500 ms-1 in seawater). The 
base of the cone (the ‘footprint’ of the sounder) increases in diameter with time (and hence 
depth) and the energy of the pulse decreases. The convex pulse touches the seafloor first at 
a point under the transducer (determined by the shortest distance between the transducer 
and the seafloor) and the rest of the convex pulse follows as an annulus of sound spreading 
out from the first point of contact until the pulse runs out of energy at the edge of the cone. 
The pulse is reflected back to the transducer and this echo has greatest energy in the centre 
of the cone. It is this first returning pulse that is used to determine depth as this is the 
shortest distance travelled. This is followed by sound reflected from the rest of the cone. 
However, as sound travelling toward the edge of the cone is reflected away from the 
transducer, the echo becomes weaker. In this way the echo consists of an initial high energy 
peak followed by a tail off of energy. 
 
The strength of sound that returns depends not only on depth, but also on how much energy 
is absorbed by the sediment (soft sediments return a weaker signal than hard surfaces). 
Rough surfaces absorb sound, but also present surfaces that reflect energy back towards 
the transducer so that the tail is often much longer on rough ground than smooth ground. 
Thus, acoustic systems not only estimate depth, but something about the characteristics of 
the seafloor through an analysis of backscatter. 
 
Single beam systems operate at near normal grazing angles: The sound is directed vertically 
down towards the seafloor and only the reflected sound near to vertical is received by the 
transducer. Sidescan systems shape the sound so that it resembles a fan at right angles to 
the direction of travel: broad to port and starboard, narrow fore and aft. In effect, this draws 
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out the tail of the echo over a considerable range rather than the narrow cone of the single 
beam system. The sound hits the sea floor at an ever decreasing grazing angle as it spreads 
across the full range of the swath (see Figure 26). The backscatter strength is sampled as a 
time series across the whole range. However, since the angles the sound makes with the 
seafloor cannot be measured across the full range, depth cannot be estimated (except 
directly under the sidescan). Swath bathymetric systems overcome this by measuring the 
angle of separately formed beams or from phase differences between a number of receive 
transducers.  
 

 

 
 
 
 
 
 
 

Figure 22. The single beam echo 
sounder illustrates the main principles of 
acoustic systems: The transmit pulse (at 
the leading edge of the cone shown as 
dark green) hits the sea floor. Some 
energy is absorbed by the sediment 
whilst most is reflected back maintaining 
the geometry of the cone (medium 
green). However, some is reflected off 
the uneven ground in other directions 
(light green).  

 

The main acoustic systems used for remote sensing are: 
 

(i) Single beam systems  
Acoustic Ground Discrimination Systems (AGDS): The time decay of the 
echo from single beam sounders is used to analyse the backscatter properties 
required for seafloor classification. The beam angle varies between echo 
sounders and wide beam sounders are considered to be better for ground 
discrimination than narrow beam, hydrographic sounders, but at the expense of 
accurate depth determination. 

 
(ii) Swath systems 

Sidescan systems: Record backscatter across a swath and feature detection 
is through the effect of: (a) seafloor slope; (b) seafloor type, and; (c) true cast 
shadows on backscatter strength. Depth is not recorded across the swath. 
However, resolution is high and this has lead to sidescan sonar being the 
system of choice for mapping fine scale seafloor features, such as those 
associated with biogenic reefs. 

Multibeam systems: Record depth and backscatter across a swath and 
feature detection is through (a) detailed topography, and (b) backscatter 
strength (as for sidescan) except that true cast shadows are not created. 
Resolution is not as high as for sidescan and the performance of these systems 
for detecting fine scale reef features requires testing. 

 
(iii) Special sonar systems 

For example, scanning sonar: Usually limited coverage in a circle (or sector of 
circle) around the sonar head. This system requires special deployment. 
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Single beam ground discrimination systems are included because they have been used on 
many surveys over the years and still have the potential to reveal differences in the 
reflectance properties of the sea floor, albeit at a low spatial resolution. Swath systems are 
favoured over single beam systems for their increased coverage and higher resolution. 
Sidescan sonars are high resolution systems and can generate detailed images of small 
topographic features. They would arguably be the system of first choice of surveyors 
interested in biogenic structures. Thus, they feature prominently in this report. However, they 
do not collect bathymetric information and swath bathymetric systems are an alternative that 
have potential advantages over sidescan in this respect. Their resolution is not as high as 
sidescan and their ability to detect features as small as biogenic reefs has not been proven 
as yet. Swath bathymetry systems have been compared to sidescan in the field work and the 
results are reported in the case studies.  
 
The focus effort for the field work has been placed on sidescan not only because of its 
superior resolution, but because its performance is very dependent on deployment 
parameters (e.g., tow speed, altitude, orientation), which are not so critical for swath 
bathymetric systems. The effects of change deployment parameters formed a major part of 
the field work undertaken during this project. 
 
Other systems are available and one of these, scanning sonar, has been tested during this 
project. Other systems could have been tested, such as acoustic cameras and laser 
technology and new developments will undoubtedly push resolution higher. Additionally, new 
computer-aided analysis of acoustic data promises to add sediment discrimination to swath 
systems which would greatly increase the power of swath systems to discriminate between 
habitats that currently appear similar. 
 
Not only is it important to understand (a) the capabilities and limitations of the systems, but 
also (b) the various ways in which they can be deployed and (c) the way in which the raw 
data are processed prior to interpretation. Inevitably, with any survey, there will need to be a 
compromise between demands regarding size of survey area, completeness of coverage, 
resolution, discrimination, accuracy and repeatability. The objectives of a particular survey 
must, therefore, be clearly defined (see Birchenough et al., 2006). The specific survey 
requirements will determine which technology and survey strategy will be most appropriate. 
With present technology, for instance, it is difficult to both detect and accurately map the 
patchy distribution of reef biotopes at a fine scale and determine any broad scale trends. The 
mismatch between survey objectives and techniques is particularly acute if the patches 
cannot be ‘seen’ with reasonably fine scale resolution over large areas. The factors that 
drive the distribution patterns at broad and fine scales are quite different and this should be 
reflected in the justification for surveys conducted at these two scales. 
 
The different survey options for monitoring S. spinulosa are discussed below, though the 
equipment and their capabilities as well as the procedures for data collection and analysis 
are well documented elsewhere (see, for example, Boyd et al., 2006b; Davies et al., 2001 or 
the MESH project website).  
 

4.1.1 Acoustic Ground Discrimination Systems (AGDS)  

4.1.1.1 Background to AGDS 
 
AGDS are based on a single beam echosounder. They analyse the return signal and extract 
metrics whose values depend mostly upon sediment characteristics (but also on properties 
of the water column and air/water interface). There are a number of proprietary systems that 
analyse backscatter in slightly different ways. RoxAnnTM system is a well-established 
technology: an analogue signal processor is used to select two elements from the echo and 
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to measure signal strength (in millivolts) integrated over the duration of each selected 
element. The first element is the decaying echo, which is taken to be a measure of 
roughness of the ground. The beam width of the sounder is important since a wide beam will 
give greater scope for measuring signal decay away from the perpendicular than a narrow 
beam. The second element is the whole of the first multiple echo and this is taken to be a 
more sensitive indicator of hardness than the first echo. EchoPlusTM is based on the same 
principal, but is a digital version rather than analogue. Other systems (such as QTCTM) 
assess backscatter in a different way to RoxAnn, although the exact method for extracting 
backscatter properties is commercially confidential. 
 
Although AGDS are relatively cheap, easy to deploy and have a long history of use, their 
interpretation is, arguably, the most difficult of all remote sensing techniques. It is vital that 
AGDS are properly understood before their use in detecting and mapping specific habitats, 
such as reefs, can be appreciated. 
 

4.1.1.2 How AGDS discriminate between sediments 
 
Ideally, the reflectance characteristics of sediments would be unique (in other words, each 
sediment would have a characteristic and unique ‘signature’) and different sediments would 
be detected through their signatures. However, AGDS fall far short of this ideal of a sediment 
detection system. This is because the way in which acoustic reflectance is dependent upon 
sediment is complex and the echo is also affected by many other conditions such as turbidity 
and sea state. In the main, therefore, AGDS are used as empirical tools for environmental 
surveys, rather than based on a theoretical understanding of acoustic reflectance. This is 
both a strength and a weakness of AGDS: On the one hand, just as long as an AGDS can 
discriminate between two or more sediments, then the exact basis upon which this 
discrimination is made is unimportant. On the other hand, the system works by 
discrimination and not detection per se. For example, it might be that an AGDS may be able 
to discriminate between gravel and sand, but not between gravel and shell sand. Thus, the 
AGDS cannot detect gravel as such, only to discriminate it against a background of sand. 
The ability to discriminate particular sediments in one set of circumstances and not in 
another makes it difficult to anticipate the likely success of AGDS in mapping the distribution 
of a particular habitat of interest, such as S. spinulosa reef.  
 
Another consequence of the lack of a thorough theoretical knowledge of the operation of 
AGDS is that factors other than the sediment properties can affect the values of the AGDS 
metrics. The variability in operation has undermined confidence many operators have in 
AGDS. 
 
The empirical use of AGDS also means that the images of the metrics in themselves hold 
little information without calibration or interpretation through ground truthing. Attempts to 
characterise the acoustic properties of the sediment without adequate ground truthing are 
unlikely to produce results that are, in themselves, very meaningful. Ground truthing is, 
therefore, absolutely essential for any interpretation of AGDS. This reliance on analysis of 
the AGDS data through ground truthing makes it important that the collection of ground truth 
data is carefully designed. This would appear to be different to other remote sensing 
technologies where images are intuitive to interpret and many features can be seen directly 
from the images even without any ground truthing. However, this apparent difference 
between AGDS and swath systems comes with a strong warning - interpretation of biotopes 
from swath images is not so straightforward and ground truthing is strongly recommended in 
any survey irrespective of the remote sensing technology used (see later sections).  
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4.1.1.3 Spatial resolution of AGDS 
 
The absolute limit of resolution of AGDS is set by the area of sea floor covered by the 
acoustic footprint of the sounder. This will depend largely on the beam angle and water 
depth. For example, a sounder with a beam angle of 20o would have a circular footprint of 
10 m diameter in 30 m of water (not considering any side lobes of the acoustic footprint). 
The roughness and hardness values are an integration of the acoustic reflectance within this 
footprint. Thus, resolution will not be better than 10 m in this example (although there are 
likely to be overlapping footprints along the ship’s tracks). However, in practise the resolution 
is limited by track spacing. In the above example, track spacing would need to be 10 m to 
have footprints from adjacent tracks just touching and this is unusually close track spacing 
for most surveys. It is more usual for track spacing to range from 25 m to 100 m for ‘detailed’ 
AGDS survey.  
 

4.1.1.4 Strategies for the use of AGDS 

4.1.1.4.1 Development of Cartesian-based detection of high density Sabellaria 
areas 

 
The way in which ground truth data are incorporated into the classification process varies 
between systems and workers. Some systems, such as RoxAnn, are designed to register 
two metrics on a Cartesian XY plot and the position of any return on the plot is supposed to 
be related to different broad sediment categories (after a certain amount of calibration 
against known sediment types). This has the advantage that any return can be placed in the 
very broad context of the full range of sediment types (from very soft mud to rugged 
bedrock). Thus, RoxAnn is sold as a detection system rather than a discrimination system 
(but, its efficacy as a detection system is debatable, as discussed above).  
 
The designed method of operation is to assign areas within the Cartesian plot to different 
habitats after a certain amount of ‘calibration’ over known ground types to create a template. 
Subsequent to calibration, all roughness/hardness values will plot onto the template and the 
values are then translated directly according to where they plot on this template. However, 
its powers of detection are somewhat limited. If the system is used in a narrow range of 
sediments, then the operator can focus on a particular region of the XY plot and, potentially, 
discriminate more finely between similar sediments. However, the overlap between echoes 
from different sediments is large and this (together with other sources of variability) reduces 
the powers of detection to all-but a few very different categories with any degree of certainty. 
 
The advantage of this simple approach is that operators can use AGDS in real time with very 
little training or experience in data processing and analysis. This is ideal in situations where 
non-scientific crew are expected to use the AGDS as part of their daily working routine. 
Figure 23 below illustrates a typical Cartesian plot that might appear on a ship’s logging 
system. In general, most of the data lie along a diagonal where roughness is approximately 
related to hardness. However, it has been observed that S. spinulosa reefs are associated 
with areas where roughness values are relatively high compared to the hardness values (the 
red boxes in Figure 23) and this has been used with moderate success to locate new reef 
communities (Jessop, ESFJC, pers comm.). However, mussel beds also give similar 
reflectance characteristics and this points up the difficulties in using signatures. 
 
Unfortunately, although it is easy for operators to use AGDS in this way, the predictive power 
is limited. A development of this approach whereby the roughness/hardness plot is 
partitioned according to the probability of finding S. spinulosa was tested by Foster-Smith 
(2002). The point samples were used to extract roughness and hardness values from 
neighbouring tracks and plotting these data in Cartesian coordinates. The acoustic records 
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were then tagged with the densities of S. spinulosa and these values interpolated and 
contoured across the whole of the Cartesian plot (Figure 24). This interpolation was then 
used to interpret all of the track data in terms of S. spinulosa density over ground that has 
been acoustically surveyed but not validated with sample data. 
 
The roughness and hardness values associated with the higher Sabellaria densities are wide 
ranging, although mostly characterised by elevated roughness values. However, these 
characteristics were also associated with many samples with low Sabellaria densities. This 
case study illustrates one of the limitations of using AGDS for detecting and predicting 
particular biotopes, namely that the acoustic signature for any one biotope can be quite 
diffuse and signatures for different habitat types can overlap considerably. In other words, 
signatures are rarely unique to a habitat type. It is probably best to regard AGDS as 
delivering an estimated probability of a particular habitat being associated with particular 
backscatter values.  
 

 
Figure 23. Many RoxAnn data logging systems provide for a Cartesian plot of roughness and hardness (the red 
crosses represent each data point logged). The plotting area is divided into boxes tagged with a colour. More 
complex shapes encompassing a natural grouping within the data can be created by using more than one box for 
a colour (3 red boxes and 2 blue in the above illustration). S. spinulosa reef habitats and mussel scars both tend 
to result in AGDS data points plotting into the red boxes. 
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Figure 24. Track points within sample buffer zones have been displayed on a Cartesian plot of roughness and 
hardness and colour-coded to show increasing densities of Sabellaria. These point data have been interpolated to 
produce a contoured plot of density, which has been used as a backdrop for the point data to highlight values 
most associated with S. spinulosa. 
 

The use of AGDS as a prospecting tool using ‘signatures’ of roughness and hardness is 
unlikely to be very reliable without adequate ground truthing and, even then, unlikely to be a 
successful tool for mapping. 
 

4.1.1.4.2 Unsupervised classification 
 
The above approach can be made more sophisticated by using statistical techniques to 
determine natural clusters in the backscatter values. QTC, for example, uses principal 
components analysis within proprietary software for analysis. However, the meaning of these 
clusters still needs to be determined through ground truthing. It is also inevitable that the 
clusters will depend upon the backscatter values collected, which in turn depend on the 
nature of the sea floor. If the range of sea floor habitats is limited, then the clusters may be 
quite distinct. However, if the range of habitats is wide, then the clusters will be much less 
distinct.  
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4.1.1.4.3 Use of maximum likelihood supervised classification for broad scale 
survey 

 
The classification process develops signatures for each ground truth category based on the 
available coverage of ground truth information and applies these signatures to each track 
data point (or pixel based on nearest real data) using a statistical matching process termed 
maximum likelihood. A probability is calculated for each pixel of it ‘belonging’ to each 
signature and the pixel is assigned to the class with the highest probability. In a sense, the 
categories are competing for each pixel. Thus, the class assigned is dependent upon the 
characteristics of the signature. Weak signatures (perhaps resulting from a category with 
comparatively few samples but covering a wide range of acoustic properties) will always 
loose out to stronger signatures (more samples with a tight range of values). This is why 
sampling strategy is so important. However, even with a well designed sampling strategy it is 
probable that the distribution of classes, and particularly the position of boundaries between 
classes, will be sensitive to survey design and also to operator choice of many steps in 
analysis.  
 
Supervised classification uses the ground truth data as an integral and indispensable part of 
the process of analysis and interpretation. It offers a powerful approach to classification that 
is well supported by proprietary image processing and GIS software. However, supervised 
classification must be used with caution. For most common forms of supervised 
classification, the process will only discriminate between the sediment types that have been 
recognised from ground truth samples (although an unclassified category can be included 
where the acoustic properties depart significantly from those associated with any of the 
identified categories in some routines). It is important that all of the most common sediment 
types to be found in an area have been sampled since the classification process will not 
‘find’ a sediment type that has not been sampled. 
 
Maximum likelihood supervised classification of images derived from interpolation of AGDS 
track data have been used for broad scale and indicative survey of a range of biotopes, and 
for the predictive distribution of S. spinulosa reefs in particular (Foster-Smith and Sotheran, 
1999).  
 
The resolution of the broadscale maps is very low and a much higher level of patchiness 
would be expected from a higher resolution map. It has been used for predicting where 
Sabellaria might occur and for stratifying finer scale survey. The predictive capability at this 
scale is low and the maps are meant to be indicative only. 
 
The distribution of the different biotopes predicted by the Broadscale Mapping Project 
(Foster-Smith et al., 1999) using both acoustic and ground truth data is illustrated in Figure 
25. The map has been prepared through the classification of interpolated AGDS data 
(Foster-Smith and Sotheran, 2003) and is coded according to the most likely biotope for 
each pixel. The pixels are tagged according to the highest probability biotope although the 
probability assigned to another biotope may be similar albeit slightly lower. Also, the 
probabilities may generally be low, i.e. the predicted biotope has a high level of uncertainty. 
The map merely indicates the most likely locations of the different biotopes.  
 
Looking at the underlying AGDS data does not give any intuitive impression of the nature of 
the sea floor (as is the case with sidescan, for example) and this detracts from the 
confidence of the maps. The interpretation of the AGDS data is sometimes, disparagingly, 
termed ‘black box’ because of this. By way of contrast, people can inspect sidescan images 
and get a feel for the nature of the sea floor. This adds confidence, even though the 
interpretation of the sidescan images may be entirely subjective and lack the statistical rigour 
of AGDS analysis.  
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Figure 25. Distribution of the main biotopes in the Wash and its environs predicted from the interpretation 
of broadscale AGDS acoustic data and video/grab ground truth samples (Foster-Smith et al., 1999). The 
map shows the results of two classifications: The first used ground truth records with sufficient infaunal 
data for classification and the second used records with epifaunal data. The two outputs have been shown 
superimposed with the infaunal and Modiolus biotopes represented by the background colour and the 
epifaunal biota by the overlaying hatching. Note that S. spinulosa appears as both infauna and, as 
observed by video, as epifauna. The map also shows the position of the seven 1 km ‘superquadrats’ used 
for the 2001 Envision survey that are referred to in Section 3.7.5.4 and Table 6. 

 
 
4.1.2 Sidescan sonar 

4.1.2.1 How sidescan sonar works 
 
A more complete account is given of the workings of sidescan sonar than the other acoustic 
systems considered as part of this study because its potential for high resolution and 
seemingly easily interpreted images can be beguiling: sidescan images need careful 
interpretation based on a good understanding of their operation. 
 

Box 7 
 

Box 6 
 

Box 5 
 

Box 4 
 

Box 3 
 

Box 2 
 

Box 1 
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Sidescan sonar has been used successfully for many years to map and monitor seabed 
habitats (e.g. Boyd et al., 2004; Boyd et al., 2005; Brown et al., 2002; Brown et al., 2005; 
Cochrane and Lafferty, 2002; Diesing and Schwarzer, 2006; Friedlander et al., 1999; 
Humborstad et al., 2004; Lathrop et al., 2006; Limpenny et al., 2002; Ojeda et al., 2004).  
 
Sidescan sonar uses a dedicated sonar source mounted in a ‘towfish’ that is towed on an 
umbilical behind the boat. In a typical sidescan sonar system, the emitted beam is narrow in 
the horizontal (horizontal beam width) and broad in the vertical plane (Figure 26). The sound 
emitted from the transducers interacts with the sea floor and most of the energy is reflected 
away from the sonar. A small portion is lost in the ground, and a small portion is reflected 
back to the sonar (Blondel and Murton, 1997). Backscattered sound received by the 
transducers from the surface of the seabed provides information on the presence and 
disposition of seabed features (e.g. sand waves, rock outcrops and anthropogenic features) 
across the swath (Fish and Carr, 1990; Kenny et al., 2003) and the nature (e.g. hardness, 
roughness, texture) of the sediments. 

 

 
Figure 26. The main features and terminology of the geometry of a sidescan. 

 
A sidescan sonar image can be likened to a black and white photograph of the sea floor, 
which has been taken by illuminating the seabed obliquely to the right and left of a centre 
line using a spotlight. However, rather than using light, sidescan sonar uses sound to 
illuminate (ensonify) the seabed. Surfaces which present a steep face towards the sonar are 
ensonified more clearly and those which are less steep or flat are ensonified less clearly 
(Figure 27). Objects which stand proud of the seabed block out the sound and consequently 
cast acoustic shadows behind them. The height of the transducer above the seabed 
(altitude), the distance of the object from the transducer and the length of the shadow cast, 
can be used to calculate the height of an object on the seabed (Fish and Carr, 1990). The 
capacity of the seabed to absorb or scatter sound is affected by the reflectance properties of 
the sediment. Hard sediment such as rock and boulders reflect back more sound than gravel 
and sand, which in turn reflect back more sound than soft mud. Whilst this qualitative 
relationship can be used to gain some information on sediment type, the interpretation can 
only be tentative since backscatter intensity is also affected by other factors (especially 
seabed slope). Consequently, it is essential that acoustic maps of the seabed are ground 
truthed using grabbing and/or photographic techniques. 
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Figure 27. Illustration how sidescan detects objects on the seabed. The left port side showing (A) sound 
hitting a surface facing the towfish producing a strong return signal, and (B) flat surfaces directing sound 
away from the towfish, resulting in a weak return signal. A similar shaped feature will produce either no 
shadow (close to nadir) or one of increasing length as distance away from the towfish increases. 

 

4.1.2.2 Resolution of sidescan sonar 
 
Resolution is the ability to distinguish closely spaced objects as individual features (Johnson 
and Helferty, 1990). The resolution of sidescan sonar sonographs will be determined by the 
sonar’s footprint and the distance between successive pings. The size and form of the 
footprint on the seafloor is variable, depending on a cross-track distance. This means that 
sidescan sonar imagery is inherently variable in resolution. 
 
Across-track resolution: In the across-track direction, the width of the transmitted pulse 
projected onto the seafloor determines the size of the footprint (Blondel and Murton, 1997). 
The width of a pulse is the product of pulse length of the sonar and the sound velocity in 
water (Mazel, 1985). Across-track resolution is therefore dependant on the sound velocity, 
the pulse length and the cosine of the grazing angle, which is equivalent to the sine of the 
incidence angle. The greater the distance from the sonar, the more the footprint approaches 
the actual pulse length in the water. The implication is that across-track resolution is better 
farther away from the sonar (Figure 28) (Mazel, 1985). 
 
Along-track resolution: Resolution in the along-track direction will be strongly dependent 
on the sonar’s horizontal beam width. The beam widens with increasing distance from the 
towfish, a process called beam spreading. As the beam spreads, with increasing distance 
from the sonar, the resolving capacity deteriorates (Figure 29). In principle, the along-track 
resolution is dependent on the distance of the ensonified part of the seafloor from the sonar 
and the sine of horizontal beam width in degrees. 
 
In summary, the resolution of sidescan sonar not only differs along-track and across-track 
but also varies along the ensonified swath (Figure 30). At short range (features underneath 
the towfish), across-track resolution is poor, whereas along-track resolution is best. The 
opposite holds true as range increases out to the swath limits (Lurton, 2002). 
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Figure 28. Across-track resolution of sidescan sonar increases with range (after Mazel, 1985). 

 

 
Figure 29. Along-track resolution of sidescan sonar decreases with range (after Mazel, 1985). 

 

 
Figure 30. Summary effects of across-track and along-track resolution with range (after Lurton, 2002). 

 
The across-track and along-track resolution are system-inherent and provide the 
fundamental limitations to resolving power of sidescan sonar systems. However, they only 
establish the maximum achievable resolution and other factors must be taken into account 
when calculating the actual resolution as recorded (a function of sampling) and the display 
resolution as seen on the monitor or print out. Finally, digital sidescan sonar data might be 
georeferenced and mosaiced and this has a marked effect on resolution. 
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Sampling: The signal (echo) is a continuous trace of signal strength against time as the 
sound pulse travels across the seafloor. In order to record the signal, the across-track signal 
strength is sampled at intervals. It is possible to record the whole analogue signal, but the 
resulting file sizes are very large. The operator must choose the number of samples that 
best fits the range and inherent limits to resolution. Common choices for the number of 
samples per channel are 1024 and 2048. However, higher numbers of samples can be 
chosen, but result in larger file sizes. The across-track resolution can be calculated by simply 
dividing the distance of the full range by the total number of samples per channel. For a 
range of 75 m and 2048 samples per channel, the resolution would be as small as 3.7 cm 
(Figure 31). However, one should keep in mind that the area from which the backscatter 
information is derived is typically larger with unequal size in along-track and across-track 
direction (Johnson and Helferty, 1990). It is important to choose a sensible sampling 
resolution in conjunction with the selected range. Choosing a sampling resolution greater 
than the system-inherent across-track and along-track resolution will unnecessarily degrade 
the output. 

 

 

 

 

Figure 31. Across-track (red line) and along-track 
resolution (blue line) in relation to range 
exemplified for the GeoAcoustics SS941 sidescan 
sonar in high-frequency mode (horizontal beam 
width is 0.3º and pulse length is 0.088 ms) at an 
altitude of 10 m. The dashed black line exemplifies 
the sampling resolution assuming a range of 75 m 
and 2048 samples per channel, which is a suitable 
choice in this case as it does not unnecessarily 
degrade the output. However, the display settings 
(512 pixels per channel) will lead to a worsening of 
resolution in the across-track direction (except 
close to the nadir) and the along-track resolution 
at ranges below approximately 28 m. 

 
Display resolution: The sampling resolution must not be confused with the display 
resolution of sidescan sonar. The obtained data are normally displayed (whether as a paper 
printout or on a PC screen) as discrete pixels, which have a uniform size. For a standard PC 
screen the resolution would be for example 1024 pixels in the horizontal (across-track) 
direction. Thus, there are a maximum of 512 pixels per channel available, assuming that two 
channels (port and starboard) are displayed side by side. Given a range of 75 m, the display 
resolution will therefore be 14.6 cm, which is four times poorer than the sampling resolution 
in the above example. Displayed data are therefore generally down-sampled and there are 
different options available to achieve this. All methods will however result in a loss of 
information. 
 
Mosaicing: This usually entails combining a number of adjacent survey tracks to produce a 
georeferenced raster image representing a composite survey. However, the main process is 
to take the individual pings and give them their correct position relative to the datum being 
used (georeferencing). The ‘waterfall’ display seen during data acquisition or play-back is 
replaced by a swath that follows the actual track of the vessel. The individual across-track 
traces (pings) can appear much more haphazardly arranged when they are georeferenced, 
often with some wide gaps being revealed between pings if the tow speed is high relative to 
the ping rate and sonar footprint (Figure 32). The mosaicing process involves interpolation 
between data gaps. Mosaicing also usually involves reducing the fine detail by 
amalgamating the raw data into ‘bins’ equivalent to the pixel size of the final image. This is 
illustrated in Figure 32, which shows each individual ping as a series of grey-shaded 
samples on the across-track record (representing the change in backscatter amplitude along 
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the swath), and an overlain grid showing the individual pixels, which will constitute the final 
image. The resulting image will have only one value for each pixel, therefore averaging (and 
thus reducing) the fine detail of multiple pings into a single value. Therefore, mosaiced 
images are generally of a lower resolution than the original raw data.  
 

  
Figure 32. Diagram showing the effect of mosaicing on the raw data. In the left figure the separate 
across-track values from the port side have been georeferenced. In the right figure these values have 
been aggregated into pixels, which take on the average of all the values contained within each pixel. If 
gaps occur and there are no values within a pixel (red arrows), then interpolation is used to estimate 
values. 

 

In summary, the stages of degradation of resolution can be represented diagrammatically by 
following the various processing stages (Figure 33). 
 

 
Figure 33. Degradation of the sidescan sonar resolution from raw analogue data to final output as 
mosaics. Numbers mentioned in the figure are examples only. 
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4.1.2.3 Types of sidescan sonar 
 
There are different types of sidescan sonar in use: analogue and digital, single and dual 
frequency as well as continuous wave and chirp systems. Analogue sidescans differ from 
digital ones in the treatment and transmission of the acoustic signals from towfish to 
recording systems.  A wholly analogue system sends analogue signals up the tow cable to 
an analogue recording medium (e.g. paper record). These systems are usually set up 
manually to produce the best record, by adjusting gains and other parameters, but the 
electronics mounted in the towfish are preset to an average optimal setting. A halfway 
solution is found in later systems whereby the analogue signals are digitised in a recorder to 
allow storage and manipulation of the record in a digital format. The analogue signals still 
undergo the transmission through the tow cable and are subject to degradation and cross 
transmission between port and starboard channels. A fully digital system converts the 
analogue signal to a digital form within the towfish itself, and therefore provides a more 
robust transmission of the signal up the tow cable to the recorder. It also allows the 
adjustment of the receivers within the towfish (which are more directly coupled to the 
acoustic signal) than merely adjustments made at the receiver as in the analogue systems. 
 
Sidescan sonars operate either with a single frequency or with two frequencies. In the latter 
case, the two frequencies might be used simultaneously or one frequency as to be selected. 
For shallow water applications sidescan sonars tend to operate with frequencies of 100 kHz 
and 500 kHz, although even higher frequencies are also available.  
 
While standard ‘continuous wave’ systems emit pulses with a single frequency, so-called 
chirp sonars transmit a linearly swept, frequency-modulated pulse of a certain bandwidth. In 
chirp systems, the resolution is dependant on the bandwidth instead of the pulse length. 
Therefore, the transmission of longer duration, wide bandwidth pulses results in high-
resolution seabed images without the drawback of a reduced range, making chirp systems 
more cost-effective. Table 8 summarises the specifications of sidescan sonars applied in this 
study. 
 
Table 8. Sidescan sonar specifications of the different sonar systems applied in this project. 

Sidescan 
sonar system 

Towfish Operational 
speed 
(knots) 

Frequency 
(kHz) 

Horizontal 
beam width 

(degrees) 

Pulse 
length     
(ms) 

Remarks 

EG&G 260 272-TD 

3-5 

105 1.2 0.1 

 390 0.5 0.01 

GeoAcoustics 
SS941 159D 

110 1 0.167 

 410 0.3 0.088 

Benthos 
SIS-1500 TTV-195 190-210 0.5 0.05* Chirp 

Benthos 
SIS-1624 

TTV-196D 1-8 

123 

0.5 

0.05-1.0 Range 
dependent 383 0.025-1.0 

110-130 0.05* 
Chirp 

370-390 0.05* 

* equivalent pulse length calculated from the inverse of the bandwidth 
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4.1.2.4 Operation and interpretation of sidescan sonar 
 
Sidescan sonar produces images that are familiar to the human eye and as such readily lend 
themselves to interpretation by the trained expert. At the frequencies used little or no 
penetration of the seabed is seen and the major contribution to the image is from surfacial 
sediment. However, relatively little definitive information can be gained from the images 
themselves. For example an acoustic image can allow an expert to describe an area of the 
seabed as high or low backscatter, but the precise composition of the seabed sediment 
cannot be determined using the acoustic image alone. Furthermore, a feature which stands 
proud of the seafloor can be described in terms of its reflectivity and its shape. But that does 
not necessarily provide enough information to actually identify it. Changes in the slope of the 
seabed will affect the acoustic output. For example, the flank of a sandbank can present a 
higher angle of incidence (and hence backscatter) to the acoustic pulse, which could be 
wrongly interpreted as harder sediment. For this reason, features can look very different 
depending upon their orientation relative to the direction of tow. Since the aim of a survey of 
S. spinulosa would be to detect small topographic features (decimetre scale), it is important 
to consider the orientation of those features in relation to the direction of tow of the sidescan 
towfish. In many cases it would be beneficial to conduct the survey at two orientations to 
gain a complete picture of the features present. It is also essential that acoustic maps are 
validated using appropriate ground truthing tools and, if available, bathymetry. In this way, 
definitive data relating to the physical and biological composition of the seabed, arising from 
point source sampling can be interpolated across wider areas. 
 
It should be noted that other operational issues such as weather conditions, hydrodynamics 
(waves, tides and wind-driven currents), water body stratification (e.g. thermoclines), near 
bed suspended material, towing speeds, vessel wake and interference from other acoustic 
systems can affect the quality of the sidescan sonar data and these should all be taken into 
account during the collection and interpretation phases. 
 
The geographical positioning of the sidescan sonar towfish is frequently calculated 
automatically using cable layback and towfish depth. This method is prone to potential error, 
as the assumption is made that the towfish is directly astern of the vessel. This may not be 
the case, particularly when towing across tide. A more accurate method of positioning is to 
use an Ultra Short Base Line (USBL) tracking system that uses an acoustic beacon on the 
towfish. However, this system is not always effective in poor weather conditions, when the 
towfish is within or close to the wake of the vessel or in shallow water.  
 
Automated pattern recognition software can be used to delineate differences in a sidescan 
sonar image, but many of the artefacts associated with sidescan sonar data (e.g. banding 
across the swath, nadir effects etc.) and the variability discussed above are difficult to 
accommodate easily (Cochrane and Lafferty, 2002). It is generally accepted that the trained 
human eye is the most effective method of delineating sidescan sonar images, particularly 
over relatively small areas. 
 
Use of sidescan sonar for mapping biological features has been successfully employed 
where the features are physically distinct and/or obvious, including for a number of biogenic 
reef features, particularly Modiolus reef areas (see, for example, Holt et al., 1998). Sidescan 
sonar has often been reported as detecting Sabellaria reefs (e.g. see Case study 2 in 
Section 4.1.2.5.2). However, the features detected need to be clearly and unambiguously 
associated with reefs, as opposed to other sea floor features that might also be found in reef 
habitats, such as gravel mounds and irregular sediment features. Furthermore, if there is a 
need to detect and map less well-developed reefs or surface crusts, the performance of 
sidescan may result in ambiguous images (Anderson, 2002; Todd, 2003). Therefore further 
validation of such features needs to be considered. 
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4.1.2.5 Sidescan sonar for the detection of S. spinulosa reef 
structures: Case studies 

 
A series of case studies are presented that illustrate the development of sidescan operations 
for the detection of biogenic structures associated with S. spinulosa. The first three are 
general surveys carried out either as part of this project or prior to it and show how sidescan 
deployed using standard procedures have detected structures associated with reefs. Case 
study 4 compares the performance of different sonar systems and Case study 5 took the 
system considered to have offered most for the detection of biogenic reef structures and 
deployed it to systematically investigate the effect of key parameters (speed, altitude, 
operating frequency, range and course) on performance. 
 

4.1.2.5.1 Case study 1: Cefas analogue sidescan sonar survey of Area 107 - 1997 
 
Between 1994 and 1999 the Directorate of Fisheries Research (now Cefas) carried out a 
series of surveys at Area 107 in the outer Wash. These surveys were commissioned by 
South Coast Shipping Co Ltd and were conducted as part of an ongoing programme of 
monitoring at the site to study the impacts of aggregate extraction. A number of survey 
techniques were employed including analogue sidescan sonar, grab sampling and 
underwater video photography. 
 
In 1997, a sidescan survey was conducted using an EG&G 260 system with a 272TD dual 
(100 kHz/500 kHz) frequency towed sensor. The analogue signal was digitised on board the 
vessel and consequently the signal was subject to the same potential degradation as that 
noted above. For the purposes of this survey the system was operated using a frequency of 
100 kHz in order that as wide a swath of data as possible was collected. Data was recorded 
to high quality, plasticised paper roll. 
 

 
Figure 34. Sidescan sonar image showing dense Sabellaria reef at Area 107 in 1997. 
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Figure 34 and Figure 35 show scanned photographs of sections of the paper records 
collected during this survey. Each image represents approximately 200 m x 400 m of 
seabed. Figure 34 shows a distinctive patterning, which at the time of collection could not be 
ascribed to any obvious sedimentary feature. This area of the seabed was ground truthed 
with a drop-down video and proved to be composed of reef-like agglomerations of S. 
spinulosa rising tens of centimetres from the seabed. 

 

 
Figure 35. Sidescan sonar image showing isolated patches of Sabellaria reef in close proximity to 
aggregate dredging tracks within Area 107 in 1997. 

 

Figure 35 appears to show more isolated agglomerations of Sabellaria present in close 
proximity to aggregate dredger tracks. However, these features were not ground truthed and 
consequently their identification must remain speculative. It should be noted that analogue 
sidescan sonar is now considered to be fairly old technology but this example shows that it is 
still very relevant in this context. 
 

4.1.2.5.2 Case study 2: Cefas sidescan sonar survey of Area 107 - 2005 
 
As part of this project, a survey of aggregate extraction site Area 107 was undertaken in 
2005 to test the effectiveness of a number of survey tools and approaches. In July 2005, a 
sidescan sonar survey was conducted using the Benthos™ SIS 1500 digital Chirp (190-
210 kHz) sidescan sonar system in conjunction with the Triton Isis™ data acquisition 
software. Data was processed, georeferenced and mosaiced using the Triton Isis™ software 
package. The survey was ground truthed using a 0.1 m2 Hamon grab, a Jennings type 2 m 
beam trawl and an underwater video sledge fitted with a digital stills/video camera. 
 
Figure 36 demonstrates how the sidescan sonar image can vary if the same area of seabed 
is surveyed from different angles. Figure 36A shows an area of the seabed which has been 
produced using a roughly E-W line orientation. The mottled image might suggest that some 
form of Sabellaria agglomeration was present at the seabed in this area. Figure 36B was 
generated using a roughly N-S line orientation and shows a quite different image which is 
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more typical of mobile sandy substrates. The blue line shows the position of a 2 m beam 
trawl tow and the red cross shows the position of a grab sample. Ground truth information 
from the grab and trawl samples shown in the image and also from a nearby video tow show 
that low agglomerations of Sabellaria were indeed present (Figure 37A), but also that mobile 
sandy substrates are present alongside them (Figure 37B). This is a valuable demonstration 
of the benefits of a multi-orientation survey design and further demonstrates that ground 
truth data are essential for accurate descriptions of the seabed. The discontinuous nature of 
Sabellaria agglomerations would suggest that point sampling with grabs might not always 
demonstrate the presence or absence of Sabellaria in an area. This strengthens that case 
for the deployment of multiple techniques to address the aims of a survey. 
 

  
Figure 36. Variations in the sidescan sonar image given differing survey line orientations: A - E-W line 
orientation; B - N-S line orientation. Both images are approximately 150 m x 150 m. 

 

  
Figure 37. Underwater stills showing the variability of the substrates in the vicinity of the sidescan sonar 
images shown in Figure 36. Images are approximately 1 m x 1 m. 

 
There may be other lessons to learn from this case study: It is by no means certain that the 
coarse-grained features seen on the images are, in fact, S. spinulosa structures but may 
instead be sediment features. It is important that the future surveys unequivocally relate 
features on sidescan images to physically ground truthed seabed features. 
 

A B 

A B 
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4.1.2.5.3 Case study 3: Cefas sidescan sonar survey of Saturn Reef - 2005 
 
Multidisciplinary surveys were carried out at the Saturn Reef site in 2005 as part of this 
project. High and low frequency sidescan sonar systems were employed alongside 
multibeam bathymetry, digital still and video photography and grabbing and trawling 
techniques. A Benthos SIS 1624 sidescan sonar system was used to collect high (500 kHz) 
and low (100 kHz) frequency sidescan data from an area of the seabed where 
agglomerations of Sabellaria were confirmed to be present, but in very small isolated 
clumps.  
 
Figure 38 demonstrates the effectiveness of sidescan sonar for assessing the patchiness 
and density of seabed sediments and features. In this case, a patchy coverage of what 
appear to be agglomerations of Sabellaria can be seen over an area of the Saturn Reef. The 
agglomerations are interspersed with lighter patches of sand and gravel which may or may 
not have Sabellaria associated with them. However, since the video evidence suggests that 
the reefs were very patchy and sparsely distributed, the sidescan may be responding to 
cobble rather than biogenic structures. This points up the need for care when interpreting 
sidescan images as a particular target feature. Nevertheless, images such as these also 
provide potential for attempting to quantify the density of the agglomerations and to produce 
density maps of an area of interest. This technique is of particular use when there is a 
requirement to quantify the extent of a feature or habitat of interest, or to assess change in 
extent or density over time. This approach has been adopted with some success as part of a 
windfarm application in the Thames Estuary which was carried out in 2005 (Royal 
Haskoning, 2005). 
 

 
Figure 38. Patchy distribution of Sabellaria agglomerations and non-biogenic sediments at the Saturn Reef. Note 
that the linear features running northwest/southeast are presumed to be of a finer material than the darker, 
textured background.  
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4.1.2.5.4 Case study 4: Cefas inter-system comparison at Area 107 - 2006 
 
In 2006, a survey was carried out in Area 107 to investigate the effectiveness of different 
swath mapping systems to detect Sabellaria reef. Acoustic data were ground truthed with 
underwater video footage and stills as well as Hamon grabs. Four different systems were 
available for the inter-system comparison covering a wide range of different types of sonar 
devices: A Kongsberg EM 3000D shallow water multibeam sonar, a GeoAcoustics SS941 
analogue switchable frequency sidescan sonar, a Benthos SIS 1500 digital chirp sidescan 
sonar and a Benthos SIS1624 digital chirp dual-frequency sidescan sonar. It was aimed to 
keep the deployment parameters (e.g. altitude, speed and range) of the sonar systems 
comparable, however this was not possible for the multibeam sonar due to a differing 
instrument design and the fact that it is hull mounted rather than towed. The settings during 
the inter-system comparison are outlined in Table 9. 
  

Table 9. Summary of settings used for the inter-system comparison at Area 107. 

System Frequency 
(kHz) 

Altitude  
(m) 

Speed  
(knots) 

Range  
(m) 

Multibeam: 
EM 3000D 300 Variable 5.3 variable 

Sidescan: 
SS941 100 13.1 ± 2.4 5.6 ± 0.1 200 

Sidescan: 
SIS 1500 200 16.4 ± 4.7 5.8 ± 0.1 200 

Sidescan: 
SIS 1624 100 11.5 ± 1.9 5.6 ± 0.1 200 

 

The comparison clearly showed that the Kongsberg EM 3000D multibeam sonar was poorer 
in detecting Sabellaria reef compared to the sidescan sonar systems (Figure 39). It also 
failed to detect characteristic dredge furrows, which were readily visible in the co-registered 
bathymetric data. The EM 3000D was only capable to detect general differences in 
backscatter like a low backscatter area (‘1’ in Figure 39A). This has several reasons: First of 
all, the beam width is 1.5º compared to 1º for the SS941 in low frequency mode and 0.5º for 
the SIS 1500 and SIS 1624, thus limiting resolution. Secondly, multibeam sonars are 
primarily constructed to measure water depths with full coverage. Backscatter 
measurements have to be regarded as a by-product, although considerable effort has spent 
on making use of multibeam backscatter during recent years. They are, however, not ideal to 
detect targets with high definition, as multibeam sonars are generally hull-mounted and they 
cannot be moved sufficiently close to the seabed to allow ideal ensonification for target 
detection, unless mounted on ROVs and Autonomous Underwater Vehicles. These 
drawbacks limit the utilisation of multibeam backscatter data for the detection of Sabellaria 
reef. 
 
The differences in performance between the three utilised sidescan sonars seem to be less 
pronounced (Figure 39 B-D). All systems detected the dredge tracks and Sabellaria reef. 
However, it appears that the Benthos SIS 1500 produces the clearest image of Sabellaria 
reef, followed by the SIS 1624, which in turn produces slightly better than the GeoAcoustics 
SS941. The latter difference might be due to the fact that the SS941 was applied in the low-
frequency mode with a larger beam width compared to the SIS 1624. 
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Figure 39. Inter-system comparison in Area 107 to investigate the effectiveness of different swath mapping 
systems to detect Sabellaria reef: A - Kongsberg EM 3000D; B - GeoAcoustics SS941; C - Benthos SIS 1500; D - 
Benthos SIS 1624; 1 - low backscatter area; 2 - dredge furrows; 3 - signature of Sabellaria reef. 
 
 
4.1.2.5.5 Case study 5: Cefas intra-system comparison at Area 107 - 2006 
 
On top of the inter-system comparison exercise, an intra-system comparison was performed 
at Area 107. The comparisons were performed along an E-W trending transect line of 
approximately 3 km length. This line crosses two pre-defined boxes of size 900 m by 900 m, 
which were chosen based on existing data sets and were expected to contain Sabellaria reef 
(western box) or being void of Sabellaria reef (eastern box). In between the two boxes lies 
an area of approximately the same size as the boxes, where the occurrence of Sabellaria 
reef structures diminished from W to E. Henceforth, the following naming conventions will 
apply: ‘Sabellaria area’ for the western box, which contains Sabellaria reef, ‘non-Sabellaria 
area’ for the eastern box, which is void of Sabellaria reef and ‘transitional area’ for the area 
between the two pre-defined boxes, which shows a gradual diminishing of Sabellaria reef.  
 
The study was performed with the dual frequency Benthos SIS 1624 sidescan sonar in chirp 
mode. This system produces simultaneous high and low frequency data and, prior to the 
trial, was thought to offer greater potential in assessing intra-system capability. The exercise 
was performed along the E-W trending line mentioned above. Additionally, a N-S trending 
line was run to allow for a comparison of different tow directions. Along the E-W line, we 
compared different tow speeds (3 knots vs. 6 knots), tow-fish altitudes (6 m vs. 12 m), 
frequencies (100 kHz vs. 400 kHz) and ranges (50 m vs. 150 m). Acoustic data from the N-S 
trending line were compared with respective data from the E-W line to investigate the 
influence of different ship courses. The settings during the experiment are summarised in 
Table 10. 
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Table 10. Summary of settings used for the intra-system comparison performed in Area 107 with a 
Benthos SIS 1624. The trials are letter-coded and these are used in the descriptions of the trial to direct 
the reader to the particular entry in the Table. 

Reference code 
used in the text 

Course Frequency  
(kHz) 

Altitude  
(m) 

Tow speed  
(knots) 

Range  
(m) 

a 

E-W 

100 

6 6 
50 

b 150 

c 12 6 50 

d 12 6 150 

e 

400 

6 3 50 

f 6 3 150 

g 6 6 50 

h 6 6 150 

i 12 6 50 

j 12 6 150 

k 
N-S 

100 12 6 150 

l 400 12 6 150 

 
Tow speed:  
 
The investigation of the effect of tow speed on the detectability of Sabellaria reefs is 
restricted to the high frequency due to technical problems with the low frequency channels 
when running the profiles at a speed of 3 knots. No significant differences are discernable 
with a range of 50 m (e vs. g). However, when using the 150 m range, it appears that higher 
tow speeds reduce the detectability of Sabellaria reefs in the Sabellaria and transitional area 
(Figure 40) (i.e. f performs better than h). The most likely reason for these observations 
might be that an increased range decreases the ping rate of the sonar, which together with 
higher tow speeds worsens the along-track resolution.  
 
Altitude: 
 
The influence of the altitude of the sonar above the seabed was tested using different 
frequencies and ranges, but with a constant tow speed of 6 knots. For the shorter range 
(50 m), the lower altitude of 6 m produces better results irrespective of frequency and in all 
three areas as it enhances features (a & b performed better than c & i). Under these 
circumstances, a higher direct reflectivity and more pronounced shadows are obtained 
(Figure 41). In the case of the longer range (150 m) the opposite holds true: Better results 
are produced with the higher altitude of 12 m, especially in the far range (d & j performed 
better than b & h). The lower altitude leads to over-saturation in the near-range and weak 
returns in the far-range due to a low incidence angle (Figure 42). A possible explanation for 
the observed relationships is that the optimal tow-fish altitude is dependant on range. As a 
rule of thumb, the altitude should be 10% of the range for target detection (Jones, 1999). 
However, this is not always applicable, e.g. in shallow water. The best results in this 
experiment are produced when the altitude-to-range ratio is close to 10%, i.e. 12% for 6 m of 
altitude and 50 m of range and 8% for 12 m of altitude and 150 m of range. Significantly 
larger values decrease the detectability of Sabellaria reefs while significantly lower values 
lead to over-saturation in the near-range and faint returns in the far-range, thus reducing the 
effective range. 
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Figure 40. Influence of different tow speeds on Sabellaria reef detectability at 150 m range: Upper image - 
3 knots; lower image - 6 knots. The higher tow speed of 6 knots together with a range of 150 m clearly 
reduces the detectability of Sabellaria reefs. No differences in reef detectability were detected when 
applying the shorter range of 50 m. 

 
 



Best methods for identifying and evaluating Sabellaria spinulosa and cobble reef 

68 

 

 

 
Figure 41. Influence of altitude on Sabellaria reef detectability at 50 m range: In the upper image the 
sonar is towed at an altitude of 6 m above the seabed, which is approx. 12% of the selected range (50 m). 
In the lower image the sonar is towed at approximately 24% of the range, thus reducing the detectability of 
Sabellaria reef features.  
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Figure 42. Influence of altitude on Sabellaria reef detectability at 150 m range: In the upper image the 
sonar is towed at an altitude of 6 m above the seabed, which is approx. 4% of the selected range (150 m). 
Over-saturation in the near-range and weak returns in the far range is clearly recognisable. In the lower 
image the sonar was towed at an altitude of approximately 8% of the range, which clearly enhances the 
image quality. 
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Frequency: 
 
Likely effects of different frequencies were tested using different ranges and altitudes, but 
with a constant tow speed of 6 knots (a-d vs. g-j). All comparisons showed that there is no 
significant difference in the detectability of Sabellaria reef with regard to different frequencies 
(Figure 43). This result was somehow surprising in the first instance, as it is generally 
assumed that the frequency determines the resolution of the sonar system. This is, however, 
imprecise. Higher frequencies are often associated with narrower horizontal beam widths 
and shorter pulse lengths and it’s these two parameters, which most profoundly affect the 
along-track and the across-track resolution of a sonar system. Yet, the Benthos SIS 1624 
operates with the same horizontal beam width of 0.5º for both frequencies. Therefore, the 
resolution in the along-track direction (parallel to the line of travel) is independent of 
frequency and consequently no differences are discernable between high frequency and low 
frequency mode. On top of that, both frequencies operate with the same bandwidth in the 
chirp mode and therefore have the same resolving power in the across-track direction. 
 

Range: 
 
The influence of different range settings (50 m vs. 150 m) has been tested applying different 
frequencies, tow speeds and altitudes (a, c, e & i vs. b, d, f, h & j). However, no significant 
differences were observed in the detectability of Sabellaria reef (Figure 44). The range 
settings affect the ping rate of the sonar, thereby having an influence on the along-track 
resolution. This effect should be most pronounced in the near field. However, significant 
differences were not observed. 
 

Course: 
 
Finally, the effect of different courses was investigated in the Sabellaria area, using different 
frequencies but a constant range of 150 m, tow speed of 6 knots and altitude of 12 m (d & j 
vs. k & l). Irrespective of the chosen frequency, the E-W course clearly detects Sabellaria 
reefs better than the N-S course (Figure 45). A possible explanation might be that Sabellaria 
reefs seem to occur as elongated patches with a preferred E-W orientation. Running courses 
parallel to the long axis of elongate features generally enhances the detectability. This is for 
example well known from resolving small scale ripples on the seabed and obviously also 
applies to elongate patches of Sabellaria reefs. 
 

A general comment can be made regarding the quality of the sidescan sonar data that are 
used for the identification of seabed features. The theoretical considerations as well as the 
case studies above demonstrate that there will be some reduction in the final resolution of 
the image resulting initially from the digitisation of the raw signal, and then afterwards as a 
result of the mosaicing process. Therefore, there may be a case for viewing the data in as 
raw a form as possible so that as much of the original data resolution can be preserved for 
the critical interpretative stage of the mapping process. However, as it is not possible to view 
raw data in a mosaiced form it may prove difficult to conduct an ‘overview’ interpretation of 
datasets that cover wide areas with varying habitat types. Therefore, it may be appropriate to 
use selected ‘windows’ of raw data to verify the mosaiced image. For this, it will be critical to 
keep in mind that displaying the data might already reduce the resolution (down-sampling). It 
is therefore necessary to either reduce the displayed swath of seabed or apply high-
resolution wide screen monitors to avoid down-sampling. 
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Figure 43. Influence of frequency on Sabellaria reef detectability: The upper image was obtained with a 
frequency of 100 kHz. No differences are discernable when compared with the high-frequency 400 kHz 
image in the lower panel. 
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Figure 44. Influence of range on Sabellaria reef detectability: Despite theoretical considerations which 
would suggest a worsening of the along-track resolution with increasing range setting, there are no 
apparent differences between 50 m (upper image) and 150 m range (lower image). 
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Figure 45. Influence of the course on Sabellaria reef detectability: In the upper image, the sonar was 
towed in E-W direction parallel to the long axis of the Sabellaria reef features. These are therefore clearly 
resolved. Sabellaria reefs appear much less clear when the sonar is towed perpendicular to the long axis 
of the features (lower image). 
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4.1.3 Swath bathymetric systems 
 
Multibeam sonar is a method of rapidly mapping the topography and nature of the seabed, 
which has been successfully applied in habitat mapping studies (e.g. Boyd et al., 2006b; 
Butler et al., 2006; Kostylev et al., 2001; Pickrill and Todd, 2003). Multibeam sonars pulse 
the bottom with a fan shaped beam to produce a set of discrete soundings normal to the 
track of the vessel. The reflected echoes are built up in a series in an orientation parallel to 
the vessel track (Figure 46). This produces a swath of data whose width is several times the 
water depth. As a rule, the deeper the water, the wider the swath of data collected. 
 

 
Figure 46. Beams with equal angles arranged in a fan shape in the multibeam system. The soundings 
and backscatter values are measured from their footprints and these become more widely separated 
towards the outside of the swath. 

 

Swath bathymetry systems differ from sidescan by being fixed to the vessel (hull-mounted) 
rather than being towed. An essential aspect of hull mounted multibeam sonar is the 
integration of vessel attitude into the collection of the data to correct for the variable training 
angle of the transducers. This is accomplished through use of a Global Positioning System 
(GPS), a Motion Reference Unit (MRU) and a Gyrocompass. The MRU makes very precise 
measurements of vessel attitude many times per second. Integrating attitude, position and 
heading measurements with the timing of the sonar echo can produce an accurate 
bathymetric record regardless of the echo path through the water. This aspect of multibeam 
technology makes it the most complicated sonar system and the most expensive to operate. 
However, one advantage (apart from being integral to accurate depth measurement) is that 
the data can be very precisely georeferenced. This means that data from overlapping tracks 
can be combined to produce a continuous coverage over the total search area. With careful 
application of tidal and sound velocity corrections, the result can be an almost seamless, 
high resolution bathymetric surface. 
 
The bathymetric data can be used to produce a digital terrain model which, in turn, can be 
used to create coloured, shaded relief images that depict seafloor morphology. Such data 
can be imported into 3D visualisation software packages to create video style ‘fly-throughs’ 
around the topographic surface. The ‘illumination’ of the model can be manipulated to show 
features to their best advantage, irrespective of the direction of travel of the vessel during 
data collection. This differs from sidescan where the detection of features may depend upon 
the direction the system is towed relative to the orientation of the features and cannot be 
rectified post-survey. The creation of a high resolution model that can be illuminated has the 
potential to reveal fine topographic features, such as those that might result from biogenic 
processes. However, the resolution of swath bathymetry systems is in the order of 1 m as 
compared to a typical resolution of sidescan of 0.1 m. Higher resolution processing of 
bathymetric data to 0.5 m is possible, but likely to introduce artefacts rather than improving 
the image.  
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Acoustic backscatter intensity measurements (similar to sidescan sonar data but lower in 
quality) can be collected simultaneously with the depth information, and are also used to 
determine the general distribution of sediments and their associated features. However, 
because the transducers are hull-mounted, the grazing angle is seldom sufficiently small to 
be able to show the relief of features, as is the case with sidescan. 
 
In summary, there are potential advantages of swath bathymetry over sidescan, but these 
have not been tested against small biogenic structures. It is possible that the lower 
resolution (as compared to sidescan) may make swath bathymetric systems less suitable for 
this particular purpose. 
 
There are two main types of multibeam system: true multibeam (or focussed multibeam) and 
interferometric (or bathymetric sidescan sonar) systems. There are differences between the 
preformed multibeam systems and interferometric systems, but the outputs are comparable. 
Interferometric systems are true sidescan systems that rely on phase differences between 
the sound received on an array of transducers to calculate the angle of the received sound 
(Figure 47). With multibeam systems the density of the data decreases across the swath 
with distance from the nadir whilst this remains constant with interferometric systems. 
However, it is generally considered that true multibeam provides more accurate soundings in 
areas of high topographic variability than interferometric systems. Interferometric systems 
are also able to collect wider swaths of data in shallower (<10 m) water than true multibeam 
systems. Both bathymetric systems can give detailed bathymetric data across the swath and 
the resulting digital terrain models (especially when using sun-illumination to assist 
visualisation) can be inspected for topographic features. Most systems also collect 
backscatter strength data, similar to sidescan backscatter images. Thus, they appear to offer 
the advantages of sidescan plus detailed bathymetry. 

 

 

 
 
 
 
 
 
 
 

Figure 47. The reflected sound from 
any point across the range is received 
by a number of receiver elements and 
the angle of the transmit beam 
calculated from the phase difference 
(slight differences in the position along 
the sinusoidal sound wave). 

 
The systems are fixed to the survey vessel (either mounted on the hull, a drop keel, a 
gondola or mounted on an overboard pole). This is necessary since the systems rely on 
accurate position, heading (from sensors on the boat), and pitch, role and heave information 
(from sensors with a fixed position relative to the previous sensors) in order to locate the 
depth readings across the swath and produce acceptable images. However, it does mean 
that the backscatter images cannot compete with conventional sidescan technology for 
resolution since the sonars are not towed close to the seabed. This was already illustrated in 
case study 4 (see Section 4.1.2.5.4). 
 
The two outputs (bathymetry and backscatter) are complementary in that topographic 
features may not be seen on the backscatter image (e.g. because of orientation issues 
previously discussed in the section on sidescan) but are visible on the bathymetric images. 
Conversely, the backscatter may reveal gravel and sand ribbons not associated with any 
changes in bathymetry. 
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4.1.3.1 Swath bathymetric systems for the detection of S. 
spinulosa reef structures: Case studies 

4.1.3.1.1 Case study 6: Envision interferometric multibeam survey of Saturn Reef 
- 2004 

 
In late summer 2004, a survey was carried out by Envision using a GeoAcoustics GeoSwath 
interoferometric swath bathymetry system at the Saturn Reef. BMT Cordah identified 
Sabellaria reefs in this area in early summer 2004. In opposition to the expectations, no 
obvious signs of reef could be identified during this survey. However, video taken at this time 
did not reveal reef structures and so the evidence for the ability of interferometric swath 
systems for successful reef detection is unproven. 
 

4.1.3.1.2 Case study 7: Cefas true multibeam survey of the Saturn Reef - 2005 
 
In June and July 2005, Cefas carried out surveys in the Saturn Reef area. A true multibeam 
system (Kongsberg EM 3000D) was used to collect seabed bathymetry data from the area, 
supplementing the sidescan sonar and ground truth data collected during the survey (e.g. 
see Section 4.1.2.5.3). The result from the July 2005 bathymetry survey in the area is shown 
in Figure 48 at a horizontal resolution of 1 m and a vertical resolution of 0.01 m. The towed 
camera sledge track during which Sabellaria reef was identified by Cefas, is overlaid on top 
of the multibeam image. The area is characterised by small topographic features of around 
10-20 cm in height and around 5 to 10 m wide. Grouped into clusters the individual features 
show a patchy distribution. These results suggest that the features may be related to the 
presence of Sabellaria reef. 
 

4.1.3.1.3 Case study 8: Cefas true multibeam survey at Area 107 - 2006 
 
Area 107 was mapped with a Kongsberg EM 3000D multibeam sonar in summer 2006. 
Although backscatter data from this survey failed to detect Sabellaria reef (see case study 
4), the bathymetric data have some potential to yield significant clues regarding the 
distribution of Sabellaria reef. Figure 49 shows the area mapped with multibeam sonar at 
Area 107. A close-up of the bathymetric map reveals a small-scale uneven and hummocky 
morphology in some areas of the survey site. The topographic change is small (on the order 
of a few centimetres), however still measurable with high-resolution state-of-the-art 
multibeam sonar. This demonstrates the possible capabilities of such sophisticated devices 
to detect and map Sabellaria reef. Further information might be gained from the spatial 
analysis of slope and rugosity (a measure of seabed complexity), both derivatives of 
bathymetry. Similar approaches were successfully performed to map coral reefs based on 
airborne LiDAR data (Brock et al., 2006; Kuffner et al., 2007). 
 

4.1.3.1.4 Case study 9: Cefas true multibeam bathymetry survey of Swanage Bay 
- 2005 

 
The importance of ground truthing is demonstrated by the potential confusion between 
Sabellaria reef and rocky outcrops. A Cefas survey in Swanage Bay in 2004 using the 
Kongsberg EM 3000D true multibeam system was conducted in an area where Sabellaria 
reef has been observed (Collins, 2003). The multibeam imagery revealed features similar to 
those discovered at Saturn Reef and thought to be related to Sabellaria reef. However, 
bedrock near the seabed can result in a similar expression on the multibeam image and is 
also known to occur in this area. Figure 50 illustrates an area, which could both suggest the 
presence of Sabellaria or rocky outcrops and requires ground truthing to confirm the nature 
of the topographical feature. 



Best methods for identifying and evaluating Sabellaria spinulosa and cobble reef 

77 

 

The above results describe the potential ability of true multibeam systems to detect 
Sabellaria reef. However, it also demonstrates that ground truthing to confirm the presence 
of S. spinulosa is vital. This is the same issue that was raised with sidescan, but the greater 
positional accuracy and precision of multibeam systems may offer greater potential for 
unequivocally linking ground truth samples to fine scale seabed features.  
 

 
Figure 48. Multibeam bathymetry of Saturn Reef showing hummocky patches at the seabed surface in an area of 
Sabellaria reef identified from underwater video (see also Figure 65). 
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Figure 49. High-resolution multibeam bathymetric data from Area 107: The upper panel shows the bathymetry 
within the survey area. Middle panel - close-up with small-scale hummocky morphology. Lower panel - profile 
demonstrating the small-scale topographic change on the order of a few centimetres. 
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Figure 50. Multibeam bathymetry image of ‘hummocky’ terrain (1) within Swanage Bay. It is difficult to attribute 
the uneven topography of this area to any one cause without adequate ground truthing. 
 
 
4.2 Novel technologies 

4.2.1 Digital imaging scanning sonar 
 
Sidescan sonar is thought to produce high definition images of small features across a wide 
swath and, therefore, is an ideal tool for the detection and identification of reef-like 
structures. However, the link between the texture features and reefs is assumed rather than 
proven. One of the problems with establishing this link is that positioning a ground truth 
device, such as a video, in an exact location indicated by sidescan sonar is extremely 
difficult. The purpose of the trials using scanning sonar was to use similar technology to 
sidescan to detect features while at the same time to video the sea bed that was being 
ensonified.  
 
Scanning sonar is an established technology based on sidescan sonar theory that is used 
for ROV navigation and collision avoidance. Instead of the sonar being static within a fish, 
which is towed past objects, the scanning sonar has a rotating head fixed (in this study at 
least) to a static object (a lander, Figure 51). The rotating head scans the seabed and builds 
up a circular image of the sea floor with the sonar dead centre. The scanning sonar devices 
can produce a much higher resolution image than ordinary towed sidescan since it can be 
held very close to the sea floor and scan a small area. The images are directly comparable 
to sidescan images and it is reasonable to assume that the high resolution features seen can 
be related to similar, coarser features on sidescan images. 
 
A scanning sonar was trialled as part of the field work undertaken for this project in Area 107 
and on an intertidal Sabellaria reef in the Wash (at high tide). The sonar head was deployed 
on a tripod lander that was dropped onto the sea floor sufficiently long for at least one 
complete 360o rotation of the sonar. The device successfully obtained acoustic images and 
video pictures of the sea floor when it was deployed in Area 107 (Figure 52). There was 
good correlation between the acoustic images and features seen on the video. Measurement 
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of the acoustic shadows cast by the reefs indicate that they were about 20-30 cm high at 
their maximum. Note that this does not mean that the reef tube structure was that extensive 
and, indeed, the profile image through reefs in the locality indicated that the tubes were 
probably no greater than 15 cm but were overgrowing sand waves which elevated the 
overall height of the reefs. The sand waves were about 30 cm maximum height. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 51. Image of the 
lander structure used to 
simultaneously deploy the 
scanning sonar and two 
video systems.  

 
The second survey of the intertidal reefs in the Wash was less conclusive. The reefs were 
patchy. In general, estimates of cover at low tide ranged from about 5% to 25% cover with 
patches of reefs being relatively small (compared to the site at Area 107) and were 
maximally 15 cm above the level of the sand. The tubes were cemented basally to gravel, 
pebble and sand and there were no sand waves. Thus, the target size for the sonar was 
much smaller than for the previous site at Area 107. 
 
The scanning sonar images showed texture, but these are at the limit of resolution of the 
scanning sonar and suffer from the same problem that sidescan images have at their limit of 
resolution. It might seem reasonable to associate the pattern with the known reef 
occurrence. However, the same image might be from a number of sea bed types and it is 
doubtful, for example, if measurements made of heights of apparent targets based on 
‘shadows’ cast can be regarded with any great certainty.  
 
Scanning sonar is a specialised research tool not sufficiently tested to prove its capabilities 
for assessing reef development and cover. However, the system provides a means of 
connecting sidescan image texture close to the limit of its resolution, to targets. The features 
imaged using the scanning system are similar to those from sidescan but far more definite. 
The system could provide a quick method for validating sidescan sonar with a very much 
greater certainty than other systems because of this sonar ‘bridge’ between video and 
sidescan. 
 
However, the limits to resolution of even this system become apparent if the reef is low lying. 
The same source of uncertainty arises: Can we be sure that the texture features really are 
related to reef-like structures? Even if it is reasonable to assume this to be the case (for 
example, where reef is known to occur through ground truth sampling) the texture pattern 
cannot be used to detect reef without adequate ground truthing. In other words, the images 
cannot be interpreted on their own. 
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Figure 52. Examples of scanning sonar images of Sabellaria reefs (1 and 2) and sand waves (3). The inset 
image is an example of a frame grab of part of the reef seen in the first scan, as an example of the validation 
data. 
 
 
4.3 Methods for observing and sampling Sabellaria biotopes 
 
The traditional tool for benthic sampling is the grab which can give quantitative data on fauna 
and sediment. Sampling and analytical procedures are well established. However, they 
sample a very small area of the sea floor and are poor in recording larger, more widely 
dispersed species and epifauna. They are also destructive and this may present a problem 
for some sensitive habitats where the driver for the survey is conservation. Visual techniques 
provide an alternative and recent developments in digital cameras and video make this an 
attractive option: they sample larger areas and are suitable for recording conspicuous 
species (especially epifauna) and structures (tubes, reefs, mounds and burrows). In 
particular, they can provide a reliable way to confirm the presence of agglomerations of 
Sabellaria on the seabed. Sampling and imaging methods have been reviewed by Rumohr 
(1999). 
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However, the full range of biotopes that contain high densities of Sabellaria may require the 
collection of voucher specimens and quantitative sampling since (unless they are associated 
with conspicuous biogenic structures) their tubes may not be identified visually with 
confidence. The use of videos to survey population structures is restrictive in that only a 
limited number of conspicuous organisms can be confidently identified and quantified. 
Biogenic reefs may also be overgrown with epifauna which can obscure the tube structure of 
the underlying reef. Visual techniques are also limited by visibility and this may be a severe 
restriction on their use leaving grab sampling as the only alternative procedure. It is likely 
that confirmation of reef structures within a general location defined by the positional error 
105 envelope of the sampling and acoustic remote sensing device (perhaps 10s of metres) 
may be sufficient for many survey purposes. However, much higher spatial precision can be 
obtained through the use of sonar positioning systems (USBL). 
 
Digital still cameras give the best resolution images, but frame grabs from video (especially 
High Definition Video) can give excellent images. Small bullet cameras (CCTV) are available 
that are submersible to depths of 50 m or more that are inexpensive and can be deployed in 
situations where the risk to expensive may be too high. At present these are available at a 
resolution of 500 TV lines which is acceptable for many purposes. 
 
Methods for observing and sampling Sabellaria biotopes are: 
 

(i) Visual observation - video and still photography: Visual observation has 
the advantage of seeing epifauna and (with forward-looking systems) having 
a wide field of view. Thus, observations are representative of a wide area 
and are capable of confirming the presence of widely spaced 
megafauna/flora. Video and still cameras can be mounted on different 
platforms for deployment: 

• Drop-down systems: Usually vertical giving very high quality 
images from which quantitative information can be abstracted. They 
can be mounted on other sampling systems, such as grabs. 
Systems have been designed to be operated in poor visibility (often 
termed ‘water curtain’ or ‘water lens’); a container with a clear base 
plate substitutes freshwater for much of the focal length of the 
camera. A variant of the drop down system is the Sediment Profile 
Imaging system (SPI) that uses an optical wedge forced into the 
sediment to obtain images of a slice through the surface sediment. 

• Towed systems: Video cameras (giving moving video images, from 
which reasonably high quality frame grabs can be extracted) and 
still cameras can be mounted on sledges. They can be either 
forward-looking or vertical from which qualitative or semi-
quantitative information can be derived. The position on the sea 
floor may be accurately measured with acoustic devices, but 
sledges lack the manoeuvrability required for precise deployment 
and repeat survey. 

• ROV: Equipped with video and still camera. They have more 
manoeuvrability and can be steered along a set course. 

 
(ii) Diver observation and sampling: Not only can divers view the sea floor 

directly, but carry out a wide range of other supplementary sampling 
procedures, such as voucher collection, photography and coring. 

 
(iii) Direct sampling - grab samples: There are a wide range of grab sampling 

devices that can be used to quantitatively sample the sediment and infauna 
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of the sea floor. Sonar devices may enable accurate positioning of the 
sample, but precise deployment is difficult without sophisticated vessel 
positioning systems. Grabs may be fitted with a vertical camera and it is 
possible to hold the grab above the sea floor and drift until a suitable habitat 
comes into view. This is useful for targeted sampling in heterogeneous 
habitats as part of stratified sampling design.  

 
(iv) Trawls: Trawls are more likely to sample widely dispersed biota (and motile 

species) than other techniques. Trawls combine everything captured into one 
sample which has to represent all the habitats crossed by the trawl. This 
results in much greater spatial imprecision than other sampling techniques. 
Note that dredges can also capture biota attached to the sea floor or buried 
in the superficial sediments. However, although small dredges may be 
considered useful for collecting voucher specimens, they are very destructive 
and are deemed to be unsuitable for S. spinulosa surveys. For this reason 
they have not been reviewed in this report. 

 

4.3.1 Visual observations: video and still photography 
 
Cameras, which are able to collect video and still images of the seabed, are used widely in 
environmental research and monitoring. Underwater video and stills photography are 
valuable, non-destructive methods for the assessment of all types of seabed habitat. They 
can be particularly useful over hard and consolidated ground where the sampling efficiency 
of other physical sampling methods is low. Remote-control underwater photography has 
been in use for a number of years to obtain static images of the seabed, and high quality 
images can be obtained, which enable the identification of much of the macro-invertebrate 
fauna present. These images cover a small area of seabed (less than 1m2 for vertical and 
probably less than 5m2 for forward looking video).  
 
To allow wider coverage of the seabed, photographic and video cameras have been 
mounted on a variety of platforms. However, in most instances platforms will fall into one of 
the following categories: (1) Samplers, which are lowered to a point above the seabed (e.g. 
remotely operated hoisted platforms), or are towed along the seabed, such as photographic 
sledges, and (2) devices, which are capable of moving or being directed under their own 
power such as ROVs. 
 
The most commonly used method for photographing coarse environments is the camera 
sledge, which is robust and simple to operate. It is usually towed over the seabed at slack 
water and typically includes a vertically mounted stills camera and a forward-or sideways-
pointed television camera linked by way of an electrical ‘umbilical’ cable to a recording unit 
on the survey vessel. This allows still photographs to be taken at selected locations of 
interest, or at regular fixed distances. By using a fixed frame, the area in view at any one 
time can be calculated and this, coupled with knowledge of the distance covered in any one 
haul, allows transect-type studies to be conducted.  
 
Cameras can also be mounted on ROVs, which are self-propelled vehicles controlled by 
commands from the surface which are relayed down an umbilical cable which also carries 
the video and other telemetry signals. The apparent advantage held by ROVs over towed 
vehicles is their manoeuvrability, which offers the freedom to move in three dimensions. This 
should allow objects to be viewed from a variety of angles and the vehicle can be stopped or 
moved back onto an object for further study. However, small ROVs are restricted by their 
limited capability to operate in currents in excess of 1.5 knots. Since they are generally 
deployed from an anchored vessel, the area covered by ROVs is generally restricted by the 
length of the umbilical and the water depth. 
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Photographic technology has improved considerably with the availability of digital cameras, 
which enable digital stalls and video footage to be collected simultaneously. Digital video 
also allows frame grabs of reasonably high quality to be obtained. Forward looking video 
provides one of the most reliable confirmation of Sabellaria reefs (Foster-Smith and 
Sotheran, 1999). 
 

4.3.1.1 Drop camera systems 
 
Drop-down camera systems can be defined as a method by which a camera or cameras can 
be attached to a frame with is dropped vertically to the seabed rather than towed across it. 
Systems of this type can take many forms. Most commonly, cameras are fitted to metal 
frames, which are designed to protect the cameras inside the structure as it is dropped onto 
the seabed. Cameras may also be fitted to grab samplers in order to collect information on 
the nature of the seabed in close proximity to a sample that is being collected 
simultaneously. Other more sophisticated systems have cameras held within water filled 
housings in order to reduce the effect of water turbidity on the resulting image. A number of 
drop camera devices are described below: 
 

4.3.1.1.1 Simple drop camera frames 
 
The most basic forms of drop camera systems are little more than a camera mounted within 
or on a robust frame or other platform. These systems are generally cheap and easy to 
deploy and provide a simple method of collecting images of the seabed rapidly. The frame is 
lowered to the seabed on an umbilical cable and moves as the survey vessel drifts with the 
tide or wind. The frame can either be lowered onto the seabed if the intention is to collect 
close up images or if visibility is poor, or it can be suspended above the seabed to provide a 
wider field of view. An example of a drop camera system is shown in Figure 53. 
. 

 

 
 
 
 
 
 
 
 
 
 

 
 
Figure 53. The Cefas drop camera frame 
fitted with separate video and stills cameras, 
as well as a stills flash unit and floodlights. 
This frame is also fitted with a laser ranging 
system, which is used to scale the image as 
the distance of the camera frame from the 
seabed varies. 

 
The drawback of this type of camera system is that the field of view is constantly changing 
as the vessel rises and falls with the swell or as the seabed topography changes. Laser 
scaling devices can be employed to solve this problem. A laser-scaling device projects a 
formation of laser spots onto the seabed. As the laser beams are in a fixed position, aligned 
parallel to the camera axis, the projected spots are always a constant distance apart (17 cm 
in the case of the Cefas system shown in Figure 53) irrespective of the altitude of the drop 
camera. Hence they provide a known scale object against which the size of other objects 
and features can be measured. 
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A further drawback of drop camera systems is that winch control is difficult on a vessel, 
which is moving with the swell. Consequently the frame is prone to colliding with the seabed, 
which can cause considerable additional turbidity and often obscures the view entirely, 
particularly in areas of muddy or sandy sediment. 
 

4.3.1.1.2 Case study 10: The use of drop down cameras to assess S. spinulosa 
reef development across a boundary of the aggregate extraction site 
Area 107 

 
Area 107 was investigated with a range of acoustic techniques in summer 2006 and ground 
truthed using vertical still images taken with a drop-down camera. These were collected 
along three profiles. The stills were analysed by firstly classifying the tubes into one of four 
classes (reef ridges, low tubes, tube clumps and broken tubes) and percent cover of tubes 
assessed. These samples showed a dominance of broken Sabellaria tubes and isolated 
tube clumps where the seabed has been dredged for aggregates (Figure 54). In the non-
dredged part of the seabed, Sabellaria tubes appear to cover the seabed quite densely 
either with no obvious topography (tubes being probably less than 5 cm high) or creating 
ridge-like structures with heights 10-20 cm above the surrounding seabed. However, not all 
still images show the presence of Sabellaria tubes, which indicates that the distribution of 
Sabellaria reef is quite patchy in this area. 
 

 
Figure 54. Occurrence of Sabellaria tubes from still images along three profiles in Area 107 draped over the 
multibeam bathymetric map of the area. The size of circles is proportional to the area of seabed covered with 
tubes, divided into four classes (1-25%; 25-50%; 50-75% and 75-100%). Green circles = broken tubes lying on 
their sides; yellow circles = tubes in small isolated clumps, often quite small; amber circles = quite dense tubes, 
but with no obvious topography (probably < 5 cm high); red circles = well developed tube structure with 
topography resulting in tubes 10-20 cm off the surrounding seabed. Black circles indicate still images with no 
indication of tubes. 
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4.3.1.1.3 Grab mounted cameras 
 
Cefas have adapted their mini-Hamon grab to be deployed as a drop camera frame as well 
as a conventional grab sampler (known as the ‘HamCam’) (Figure 55). A video camera has 
been fitted to the frame and a live feed is available on the vessel. Images are recorded to 
DVD and digital tape for later review. There are a number of advantages to this setup: 
 

• Video footage can be collected alongside faunal samples for each deployment. 
This helps to provide a description of the undisturbed sediment immediately 
adjacent to where the grab sample was taken. 
 

• The grab can be fixed in the un-fired position to prevent accidental triggering on 
contact with the seabed and lowered to the seabed as a drop camera frame. 
This means that a single sampling tool can be used for grabbing and camera 
deployments, which can provide a logistical advantage during surveys, which 
require both video and grab samples. 
 

• If the grab is deployed in the un-fired position but is not fixed to prevent 
accidental triggering, the live video images can be used to target the collection 
of grab samples from habitats of particular interest. This can be particularly 
useful when one is attempting to collect samples of a habitat which is patchy in 
nature (e.g. Sabellaria reef). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 55. Image of the Cefas HamCam. 
The downward looking video camera and 
floodlight can be seen fitted to the frame 
adjacent to the sampling bucket. 

 
This system was used in 2006 at the Saturn Reef site off the Humber as part of this project. 
The HamCam was deployed over a grid of 20 sites to provide a rapid assessment of the 
wider distribution of Sabellaria habitat in the area. This approach established that the 
agglomerations of Sabellaria, which had been seen in previous years, were now no longer 
present either at the site where they had been discovered in earlier surveys, or over the 
wider area. 
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4.3.1.1.4 Low visibility drop camera 
 
The ‘water curtain’ is a recent development that is now widely adopted for deploying a 
dropdown digital stills camera system for work in areas with poor visibility. The principle of 
the system is the use of a transparent container filled with distilled water between the 
camera lens and the focal point so that the intervening space is not affected by suspended 
material. Figure 56 shows the camera system and example images of the range of S. 
spinulosa communities are shown in Figure 57. 

 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
Figure 56. A drop-down camera ready to 
be deployed. © Marine Ecological Surveys 
Ltd  

 

  

  
Figure 57. A selection of underwater photographs taken with the low visibility camera system shown in 
Figure 56 at the proposed Thanet Wind Farm site in August 2005, illustrating the four different 
classifications of Sabellaria growth: 1 - dense Sabellaria growth / reef, 2 - moderate Sabellaria growth / 
patchy reef, 3 - Sabellaria accretions and 4 - no Sabellaria. © Marine Ecological Surveys Ltd 
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4.3.1.2 Sediment Profile Imagery (SPI) 
 
SPI is a rapid method for characterising the benthic habitat at and below the surface of the 
seabed (Solan et al., 2003). The system consists of a camera mounted above a wedge 
shaped prism with a plexiglass faceplate and an internal flash strobe (Figure 58). The back 
of the prism has a mirror mounted at a 45 degree angle which reflects the profile of the 
sediment water interface to the camera mounted above it. This equipment is mounted within 
a supporting frame, which is lowered to the seabed. As the frame approaches the seabed, a 
trigger device, which hangs below the frame, is activated, causing a photograph to be taken 
of the plan view of the seabed surface from above. The frame continues its descent until it 
comes to rest on the seabed, and the prism is then gently lowered though the sediment-
water interface. When the prism comes to rest at its full penetration, a photograph is taken 
through the plexiglass window of the water-sediment profile (Figure 59). Under ideal 
sampling conditions, a photographic image is taken showing a profile through the surface 
25 cm of the seabed with approximately 5 cm of overlying water.  
 

  
Figure 58. Left: An SPI camera frame shown during deployment. Right: Schematic showing the operating 
principle of the SPI system. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 59. An example of an image collected using 
an SPI system. The image shows a section through 
the sediment water interface and is approximately 
30 cm x 15 cm. The SPI prism has penetrated a 
layer of sand (middle section) overlying anoxic 
muddy sediment (bottom right). 
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Although prior to this project this system had not been used to observe agglomerations of 
Sabellaria, the technique was seen to have potential to collect images at and below the 
surface of these structures in turbid conditions. Consequently it could be used to view the 
surface and internal structure of a reef formation. This potential was tested during survey 
work conducted as part of this project (see case study 11 below). 
 

4.3.1.2.1 Case study 11: Use of an SPI camera to observe the vertical structure of 
Sabellaria reef at Area 107 - 2006 

 
There are a number of views regarding the substratum requirements for successful 
establishment of colonies of Sabellaria. As part of this project, the SPI camera system was 
used at a site in Area 107 to provide some insights into the vertical structure of Sabellaria 
reef formations in this location and also the nature of the sediments underlying them. 
 
The agglomerations of Sabellaria at this location were well developed, but fairly patchy in 
nature. This meant that the chances of deploying the SPI on a reef structure were limited as 
the system is typically deployed ‘blind’. Therefore, in order to improve the chances of 
deploying the SPI within a patch of reef, a video camera with live feed to the survey vessel 
was fitted to the SPI frame. This meant that the SPI frame could be lowered close to the 
seabed as the vessel drifted slowly. When a patch of suitable reef was seen on the video, 
the SPI was lowered to the seabed and a full deployment was completed. This approach 
resulted in the collection of a number of vertical images through the reef and into the 
underlying sediment (Figure 60). 
 
This technique is able to determine the nature of the substrate on which the tubes are 
anchored and may help explain why reef structures are present in a particular location. It 
may also be of use for predicting suitable habitats for colonisation. The SPI camera has an 
advantage over other camera systems in that it can collect an image in extremely poor 
visibility. Therefore it can be used as a tool to collect in-situ images of reef structures where 
other camera systems may prove ineffective. 
 
These images from the SPI camera show Sabellaria tube structures rising from the seabed 
in a variety of complexities and associated with a range of other fauna. There does not seem 
to be a large quantity of sub-surface gravel particles for the tubes to attach to, but it may be 
the case that early colonisers on isolated gravel particles form attachment points for 
subsequent larvae, allowing the colony to grow far beyond the initial site of attachment. 
Acoustic data and video images from this site suggest that the Sabellaria tubes have 
stabilised sections of existing sandwaves, creating lenses of reef over a predominantly 
sandy substrate. 
 

4.3.1.3 Towed sledges 
 

4.3.1.3.1 Variety of design of towed systems 
 
The most widely used method of collecting good quality images of the seabed is the towed 
camera sledge. Such devices can be fitted with a combination of stills or video cameras and 
are towed via an umbilical over areas of interest. Examples of two camera sledges are 
shown in Figure 61. 
 
The larger sledge is equipped with a combination of forward facing video and vertical stills 
whilst the smaller sledge has forward facing video only. It is much easier to see small 
topographic variation and appreciate the shapes of biogenic structures with forward facing 
video than vertical stills because of the oblique angle and moving image.  

1 2 

3 4 
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Figure 60. Selection of images taken with an SPI system during 2006 in Area 107 to investigate the 
vertical structure of Sabellaria reef formations on a sandy sediment. A - Sabellaria tubes approximately 
5 cm in height, on a sandy sediment. B - Sabellaria tubes approximately 5 cm in height, with associated 
hydroid community. C - Sabellaria tubes approximately 3 cm in height on a muddy sand substrate. D - 
Individual clump of Sabellaria tubes approximately 5 cm high. 
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Forward facing video can considerably assist with the identification of species and life forms. 
However, vertical stills provide higher quality images (although frame grabs from high 
definition video are at a reasonably high resolution) and the scale is more consistent across 
the whole image making it is easier to extract quantitative and semi-quantitative from vertical 
images. Strategies for deploying platform mounted video systems may be refined with the 
use of laser pointers to calibrate the scale of frames and the use of sonar positioning 
systems to more accurately locate the video images. 
 

  
Figure 61. (A) The Cefas towed camera sledge being deployed over the stern of the CEFAS Endeavour. 
This sledge is fitted with a combination digital video and still camera and a series of lights. (B) A much 
smaller towed camera system with forward-looking digital video only designed by Envision for use on both 
large and small vessels. It is light as well as being easily and rapidly deployed enabling a large number of 
short tows to be performed. 

 
 
4.3.1.3.2 Deployment of towed video 
 
Towed systems have a much greater uncertainty about position than for drop-down systems. 
Unless a vessel has dynamic positioning capabilities the towing direction and speed of the 
video sledge is often governed by the prevailing tidal conditions. The long layback of the 
towed system can be reduced if short duration tows (3-5 minutes) are used in preference to 
long duration tows (10 minutes and longer). Good quality tows of 3-5 minutes should provide 
enough data for analysis. 
 
Poor visibility is perhaps the weakest point in the use of video and position of camera and 
lighting is critical. If the camera is too high there is the risk that poor visibility and backscatter 
from particulate material suspended in the water column will obscure the pictures; if the 
camera is too low the coverage may be poor and there is an increased risk of damage to the 
camera. The camera is best placed between 15 cm and 30 cm higher than the runners of the 
sledge. Light positioning is also critical for the effective illumination both still and video 
camera fields of view. It is generally accepted that lights placed well to one side of the 
camera reduces backscatter. However, the options for placing the lights depend upon the 
size and configuration of the sledge. For still camera systems it is sometimes recommended 
that the strobe flash unit is placed at 60 degrees to the camera to minimise backscatter.  
 
Poor image quality may also result if the sledge is towed too quickly (>1 knot) and the 
camera is close to the seafloor resulting in a blurred image (particularly if the camera is 
pointing directly downwards). Since speed of tow is often governed by tidal currents, this 
factor can often restrict the useful operation of this type of equipment to neap tide, slack 
water periods thereby limiting the “window of opportunity” during a survey. Even without 
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dynamic positioning, by towing the sledge into the current enables the ship to maintain 
steerage stemming the tide at very low speeds.  
 
UK waters are often prone to periods of extremely poor visibility and, unless conditions are 
ideal, the identification of less well developed agglomerations of Sabellaria is difficult, 
particularly since other worm tubes such as those of L. conchilega and Sabella discifera may 
be confused with Sabellaria. It is also recognised that Sabellaria build agglomerations which 
vary in size and form. Photographic techniques may not always be able to discern some of 
the less well developed crustal forms of the structures created by this animal.  
 
Figure 62 shows digital still images taken by Cefas with a downward looking, sledge 
mounted camera within Area 107 in July 2005. Grab sampling indicated that accumulations 
of Sabellaria were present in the area, but it is not clear if they are present in the images. 
These pictures demonstrate the limitations of using conventional photographic techniques in 
turbid waters. 
 

  
Figure 62. Still digital images taken in poor visibility at Area 107 in 2005. 

 
In summary, it is generally best to undertake towed camera work during periods of low tidal 
currents. Less turbid conditions tend to occur near the seabed at neap tides when particles 
settle out. In such places it is often best to do separate tows in the last hour or so before 
slack and the first hour after slack. At slack water any surface flow influencing the ship can 
sometimes be different from the flow at the bed, which determines where the mud plume will 
go. In areas with only moderate tides it is possible to hold the tow throughout the ebb or 
flood but in stronger tides too much strain may be put on the umbilical. It is important that a 
video monitor is placed in the ship’s wheelhouse to enable speed over the ground to be 
controlled at such slow rates more effectively than judging it from navigation instruments. 
 
It should also be noted that, whilst towed camera sledge is often an excellent tool for 
identifying and mapping agglomerations of Sabellaria, there might be damage to the 
structures as the sledge is towed over them. The potential for damage is difficult to estimate. 
However, light weight sledges are likely to have minimal impact. 
 
A Standard Operating Procedure has been developed by Cefas for the collection of video 
and stills images from the seabed and has been incorporated into the Recommended 
Operating Guideline for underwater video & photographic imaging techniques for the MESH 
project. A number of other in-house standard operating procedures for the conduct of 
camera surveys and the analysis of the images have been developed by other organisations 
(e.g. Envision Mapping Ltd and JNCC; see, for example, Holt and Sanderson, 2000) that 
routinely use camera sledges or the outputs from them. 
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4.3.1.3.3 Analysis of video 
 
Analysis of video data may consist of (1) simply recording the presence of a feature or 
species (qualitative), (2) recording the relative abundance of species/features using 
abundance scales (such as the SACFOR scale; semi-quantitative), (3) estimation of 
percentage cover, and (4) counts of species and calculation of densities (quantitative). The 
amount of work increases as analysis moves from qualitative, through semi-quantitative to 
quantitative and it is important that effort is justified by the purpose of the survey. Spatial 
heterogeneity and the precision of the data extracted from video must also be considered. It 
is possible to summarise the observations from a whole video into one record or statistic. 
However, this may not adequately describe the spatial variation along the tow. Data may be 
extracted at regular or random intervals (either a frame grab/snapshot or summary of short 
video clip), but this involves considerable effort. Stills taken in conjunction with a video tow 
are effectively snapshots. Thus, their information and statistical use depends upon the 
strategy for taking stills (regular/random intervals or subjectively at the discretion of the video 
operator). However, a workable compromise is to view the whole video, divide this up into 
video clips based on habitat type (or biotope) and summarise the observations within these 
clips. Position should be tagged on the video or at least synchronised between the video and 
position logging system.  
 
Another issue for analysis is how to deal with stills and video data. The systems are 
complementary in the information they provide and it makes sense to combine the 
information into a single record. For example, video may provide a wider view of sea floor 
topography and features together with widely spaced fauna. Stills might provide confirmation 
of species that are hard to identify with certainty on the video. The habitat/video clip method 
described in the previous paragraph can be extended by assigning each still to its 
appropriate video clip based on position and extending/amending the species list from the 
video based on additional information from stills. 
 
Other options for data presentation exist: Although the area imaged by a camera at any one 
moment in time is small (approximately 1 m2), if positional information is accurate, video and 
digital images can be georeferenced or pattern recognition software can be used to create 
image mosaics of the seabed (Figure 63). Mosaics such as this can be overlain onto other 
datasets (e.g. sidescan, multibeam, grab sampling positions) within a GIS to assist in 
interpretation of all data. Images of this type are able to provide a helpful view of patchy 
substrates such as those found in Sabellaria habitats. 
 

 
Figure 63. Video mosaic of a patchy distribution of low Sabellaria reef structures within a muddy, gravelly, sandy 
substrate. The mosaic represents a patch of seabed approximately 5 m long by 1 m wide. This example shows 
the transition from a dense faunal turf overgrowing reef (1) to a gravelly pebble habitat with encrusting Sabellaria 
only (2). 
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4.3.1.3.4 Case study 12: Towed sledge survey of S. spinulosa reef structures at 
northern boundary of Area 107 and Saturn Reef 

 
Photographic evidence of S spinulosa colonies obtained using a towed sledge within 
aggregate extraction site Area 107 in 1999 (Foster-Smith et al., 1999) provided excellent 
evidence of reef structures (Figure 64). The images shown in Figure 64 are frame grabs 
taken from digital video footage and show intertwined tubes growing upwards away from the 
sea floor forming biogenic mounds up to 30 cm tall that extend over large areas. The video 
was taken just before daylight in summer and many frames showed great activity of 
crustaceans, particularly mysid shrimps. Figure 65 shows further pictures of agglomerations 
of Sabellaria present at the Saturn Reef. These images were collected using a combination 
video/stills camera mounted on a towed sledge. The advantage of still images over images 
obtained from video is that a powerful strobe light freezes the image at the point of 
collection, thus removing blurring caused by the movement of the sledge over the seabed 
during the collection of video footage. 
 

  
Figure 64. Images of agglomerations of Sabellaria present within Area 107 in 1999 taken using the Envision 
towed sledge. 

  
Figure 65. Images of agglomerations of Sabellaria collected by Cefas at Saturn Reef in July 2005 using a digital 
stills camera mounted on a towed sledge. 
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4.3.1.3.5 Case study 13: Cefas/Envision survey using sledge mounted video and 
stills cameras to collect images of Sabellaria reef structures at Saturn 
Reef, Area 107 and Hastings Shingle Bank - 2006 

 
The Cefas video sledge was used extensively as a ground truthing and prospecting tool for 
the purposes of this project. Data from pilot surveys and other studies was used to predict 
areas where Sabellaria reef might be located at the Saturn Reef, Area 107 and Hastings 
study areas. 900 m x 900 m survey boxes were then generated over these sites and survey 
work was predominantly conducted within the limits of each of these boxes. The camera 
sledge was towed across the full extent of each survey box to confirm the presence or 
absence of Sabellaria prior to further survey work being conducted. If no Sabellaria were 
identified using the camera sledge, no further effort was expended in the survey box. This 
approach also ensured that some knowledge of the nature and form of any reef structures 
that were present within each box was available in order to help interpret the data generated 
from the application of subsequent acoustic techniques. A selection of images obtained from 
Area 107 and Hastings Shingle Bank is presented below in Figure 66 A-E and Figure 67. 

  

  

 

 
 
 
 
Figure 66. Selection of still images taken with the 
Cefas video sledge at Area 107 and Hastings 
Shingle Bank in 2006. A - Low clumps of Sabellaria 
agglomerations (Area 107). B - Low clumps of 
Sabellaria agglomerations with associated epifauna 
(Area 107). C - Continuous cover of poorly 
developed reef (Hastings Shingle Bank). D - 
Sabellaria tubes lying flat on the seabed, possibly 
as a result of fishing damage (Hastings Shingle 
Bank). E - Well developed Sabellaria reef with 
numerous Aequipecten (Hastings Shingle Bank). 
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The still images above were taken with a vertically mounted camera and flash unit. This 
provided optimal conditions for producing a high quality still image as the field of view is 
evenly lit by the flash, has a constant depth of field and has as little turbid water as possible 
between the seabed and the camera.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 67. Still image of Sabellaria 
reef structures grabbed from video 
footage collected at Hastings Shingle 
Bank in 2006 as part of this project. 

 

4.3.1.4 Remotely operated vehicles 
 
ROVs come in many shapes and sizes, and an appropriate configuration of an ROV for a 
particular task will depend on the precise requirements of the job it is required to undertake. 
There are small ROVs that are relatively easy to deploy and are suitable for low tidal 
conditions. Their deployment is often similar to drop down systems in that only a very limited 
area directly under the vessel is visited. The benefits of ROVs are that the operator can 
guide the camera towards features of interest and hold position over them. They are also 
able to manoeuvre around an object and view it from different perspectives and ranges. This 
makes small ROVs an attractive system for ground truthing reefs and they have been used 
by the ESFJC (Jessop, pers com.) for this purpose. Larger ROVs are used routinely by the 
oil and gas industry for carrying out a range of tasks and are ‘flown’ over long distances. 
Piloting large ROVs is a skilled operation. 
 

4.3.1.4.1 Case study 14: BMT Cordah Ltd survey of the Saturn Reef - 2003 
 
In 2003, ConocoPhillips conducted baseline environmental assessment work over an area of 
the seabed in the southern North Sea, ahead of the Saturn pipeline installation. As part of 
this work, significant agglomerations of Sabellaria were discovered along the original 
pipeline route and this area has become known as the Saturn Reef. The Saturn Reef was 
first identified as an area of interest during a 500 kHz sidescan sonar survey of the area 
which showed ‘unusual’ features on the seabed. The area was subsequently surveyed 
visually using an ROV to determine the nature of the features (BMT Cordah Ltd, 2003). The 
ROV survey confirmed the presence of large accumulations of S. spinulosa and also 
mapped the extent of the features to a certain degree. Figure 68 illustrates the route taken 
by the ROV together with the locations of the video clips and photographs from which BMT 
Cordah derived boundaries for two densely populated regions of reef, each of which were 
surrounded by less densely populated expanses. The region between the two mapped areas 
of Sabellaria aggregations was unsurveyed. 
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Figure 68. ROV route and derived extent of the 
Saturn reef, reproduced from BMT Cordah Ltd 
(2003). Shaded area indicates derived extent of 
reef, hatched area indicates densely populated area 
of S. spinulosa, and stars indicate photo locations 
(Hendrick and Foster-Smith, 2006). 

 
The total area of the reef, as identified by BMT Cordah, is approximately 0.75 km2, though 
the distribution is patchy over the area. Perhaps more informative, however, is to consider 
two different zones of the reef separately according to Sabellaria density. Thus, the 
combined area of the two densely populated zones is approximately 0.25 km2. Video footage 
and still images from this area indicate the aggregation to be fairly solid (Figure 69). 
Meanwhile, the remaining extents of Sabellaria which were much more patchy were 
considered to cover a further area of approximately 0.5 km2. The degree of patchiness 
appears consistent throughout numerous good quality still images and video takes. This 
work provides a good example of how ROV techniques can be used for the identification of 
Sabellaria accumulations and how their extent can be mapped. 
 

  

  
Figure 69. Examples of frame grabs from the BMT Cordah ROV survey of the Saturn Reef (BMT Cordah Ltd, 
2003). © BMT Cordah Ltd 
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Figure 69. (cont.) 

 
 
4.3.1.4.2 Case study 15: Cefas/Envision surveys of Area 107 and Hastings 

Shingle Bank - 2006 
 
In July/August 2006, ROV surveys of Area 107 and Hastings Shingle Bank were undertaken 
as part of this project. A Seaeye Tiger ROV system was deployed from the Cefas Endeavour 
at sites known to hold agglomerations of S. spinulosa. The object of this work was to 
determine the value of this technique for identifying, mapping and evaluating Sabellaria 
habitats. 
 
The ROV was deployed at Area 107 over an area of Sabellaria reef at a period of relatively 
slack tide and in good weather conditions. Water clarity was fairly good in this turbid location 
but the ROV lights were essential for illuminating seabed features. The vessels dynamic 
positioning system was used to maintain station close to the ROV during the deployment. A 
fully trained ROV pilot was employed to conduct the deployment. The ROV was able to 
collect some excellent video footage from which frame grabs were subsequently taken 
(Figure 70 and Figure 71). 
 
During the same cruise, the ROV was also deployed at the Hastings Shingle Bank over an 
area which was known to hold patchy distributions of Sabellaria reef. Again the ROV was 
deployed during a slack tidal period and weather conditions were favourable. Water clarity 
was excellent, and consequently ambient light was the dominant source of illumination thus 
reducing high and low areas of light on the images (Figure 72 to Figure 74). 
 
An ROV has a number of advantages over more traditional remote video survey techniques 
such as towed sledges or drop-down frames. During an ROV deployment the course and 
speed of the survey vessel is tightly controlled either through a dynamic positioning system 
or by anchoring the vessel at a single location. Therefore, the ROV is, to a degree, 
independent of the survey vessel and consequently the survey route of the vehicle is not 
determined by the location of the survey vessel. This means that the ROV pilot can 
investigate sites of interest in some detail.  
 
The ROV can be rested on the seabed next to, hovered over or circled round, features that 
warrant close inspection. High specification cameras mounted on the platform can zoom, 
pan and tilt to obtain high-resolution images of physical structures or faunal species. As the 
ROV does not need to be towed across the seabed, this technique is particularly useful at 
locations where it is important not to damage sensitive species or habitats. 
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Figure 70. View of Sabellaria reef profile as ROV is resting on the seabed (Area 107, 2006). Worm tubes 
are approximately 8-10 cm high. 
 

 
Figure 71. Plan view of well-developed S. spinulosa reef structures. The ROV is hovering above the reef 
looking downwards (Area 107, 2006). 
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Figure 72. Downward looking plan view of low Sabellaria reef at Hastings Shingle Bank, 2006. The 
greenish tinge to the image is a result of the high levels of ambient light in the comparatively clear waters 
of the English Channel.  
 

 
Figure 73. Zoomed in image of a section of Figure 72 above. This level of magnification allows the 
identification of benthic organisms, often to species level (circled in red). 
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Figure 74. Zoomed in image of ‘organ pipe’ formation of Sabellaria tubes from Hastings Shingle Bank 
taken in 2006. 

 
Whilst the use of ROVs has proved to be an effective methodology in the instances 
described above, there are limits to their use. Small ROVs will generally have a fairly low 
power capacity, which limits their ability to manoeuvre in even relatively weak tidal streams. 
This means that some of the cheaper, smaller systems will have a limited applicability in the 
frequently strong tidal conditions, which are encountered in UK waters. Larger systems, 
whilst more expensive, will prove more capable in higher tidal streams and will also be able 
to carry heavier workloads in the form of cameras and positioning systems. 
 
All ROV mounted cameras will be subject to the limiting factors of reduced visibility caused 
by high turbidity. However, it should be noted that the ConocoPhillips survey at Saturn Reef 
was undertaken in an area traditionally thought of as very turbid. Due to appropriate planning 
and execution of the ROV survey during slack water on neap tides, the clarity and quality of 
the visual record obtained in this area is excellent, indicating that an ROV survey in 
habitually turbid waters can successfully be managed. 
 

4.3.2 Diver observation and sampling 
 
Divers can provide a very versatile ‘platform’ for observation, measurement and sampling of 
the seabed and biota. Divers were used by Hoare and Hiscock, for example, to estimate the 
abundance of prominent sub-tidal animals near an outfall of a bromide extraction unit (Hoare 
and Hiscock, 1974). Although they fixed the diver’s position with a compass from shore 
when the diver surfaced to relay his position, a higher positional accuracy could be achieved 
through use of sonar beacons. Beacons such as these can be used to direct a diver back to 
a pre-determined location to conduct repeat surveys or to groundtruth data collected from 
other sources. 
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However, the conditions under which divers can operate are very restricted when compared 
with other sampling and observation techniques, particularly in areas where visibility is 
unreliable and often poor, currents are strong and depths greater than 30 m. The number of 
diver deployments per day is also much smaller than other sampling devices.  
 
Guidelines exist for survey and sampling of inshore (mainly rocky) habitats by this means 
are well-defined in the UK (Davies et al., 2001; Hiscock, 1990). Much diving work has been 
carried out by, amongst others, Ken Collins and his team in Poole Bay in support of the 
Dorset Marine Habitat Surveys. This work is reported in numerous documents (Anderson, 
2002; Collins, 2003; Tinsley, 2000; Todd, 2003). It does appear that diver techniques have a 
part to play in the location and mapping of Sabellaria agglomerations where visibility is 
generally good. 
 

4.3.3 Direct sampling of Sabellaria reef habitats: Grabs and 
trawls 

 
The type of gear selected for sampling within and in the vicinity of Sabellaria reefs is 
primarily determined by the hardness/compactness of the substrata. Whilst a wide variety of 
sampling methods are available (Eleftheriou and Moore, 2005; Holme and McIntyre, 1984), 
only a small proportion of these have the ability to effectively collect samples from areas of 
relatively coarse sediments that are a feature of S. spinulosa reefs. Recommendations for 
equipment, which are capable of collecting samples of S. spinulosa reefs are provided 
below. Future innovations may improve sampling efficiency in such deposits and it should 
therefore be noted that certain techniques that are presently favoured might be superseded 
as new equipment is developed. Much of the following account is modified from Boyd (2002) 
and is concerned with quantitative and qualitative sampling of the benthic macrofauna 
associated with coarse sediments that are typically encountered in areas containing S. 
spinulosa reef.  
 

4.3.3.1 The Hamon grab 
 
The Hamon grab (Figure 75) is now in widespread use for sampling the benthic macro-
infauna in areas subjected to marine aggregate extraction (Oele, 1978). This device is 
employed as it is robust, simple to operate and has been shown to be particularly effective 
on coarse sediments (Boyd et al., 2003; Boyd et al., 2005; Boyd and Rees, 2003; Brown et 
al., 2002; Cooper et al., 2005; Kenny and Rees, 1994; Kenny and Rees, 1996; Newell et al., 
2001; Seiderer and Newell, 1999). The original grab was designed for geological 
investigations and samples an area of about 0.25 m2 (Oele, 1978). Subsequently, Cefas 
introduced a smaller device for macrobenthic surveys sampling an area of 0.1 m2 (see Boyd, 
2002). The height clearance (approximately 3 m) required for the larger device has caused 
operational difficulties when deployed from small research vessels (< 25 m). However, when 
used from larger ships, it can be safely deployed and retrieved in most sea states (up to 
Beaufort Scale Force 5 to 6). Nevertheless, the smaller version has a greater utility due to its 
ease of handling, which potentially widens the weather window for sampling and allows it to 
be used on smaller vessels. As 0.1 m2 is the conventional surface sample unit employed in 
most benthic surveys of continental shelf sediments, conformity with this size also allows 
direct comparison of results with those from a wide variety of sources using a range of other 
sampling devices (Heip et al., 1992; Rees et al., 1999). There are therefore strong practical 
arguments for employing a standard sampling unit (Thorson, 1957).  
 
The Hamon grab consists of a rectangular frame forming a stable support for a sample 
bucket attached to a pivoted arm (Figure 75). On reaching the seabed, tension in the wire is 
released which activates the grab. Tension in the wire during inhauling then moves the 
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pivoted arm through a rotation of 90°, driving the sample bucket through the sediment. At the 
end of its movement, the bucket locates onto an inclined rubber-covered steel plate, sealing 
it completely. This results in the sediment rolling towards the bottom of the sample bucket, 
thereby reducing the risk of gravel becoming trapped between the leading edge of the 
bucket and the sample-retaining plate, and thus preventing part of the sample being washed 
out. This grab also takes quantitative samples of a more manageable volume than the large 
Hamon grab: up to a volume of 15 litres compared with up to 35 litres from the larger grab. 
Thus, the smaller grab is a practical alternative to the larger device for collecting samples of 
the macrobenthic infauna in a cost-effective manner (Boyd et al., 2006a). There may be 
locations containing very sparse fauna where the collection of a larger surface area is 
justified, but this can be achieved by increasing the number of replicates using the smaller-
sized sampler. One drawback of the Hamon grab is that the sediment sample is mixed 
during the process of collection and retrieval (Figure 76), thereby precluding the examination 
or sub-sampling of an undisturbed sediment surface. The mixing action of the Hamon grab 
may also result in the break-up of Sabellaria agglomerations, which may make accurate 
assessment of the structures difficult. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 75. Photograph of a 0.1 m2 Hamon grab 
with attached video camera. 

 
In addition to gaining information on infaunal communities associated with S. spinulosa reef, 
grab samples allow the close-up assessment of reef structure and elevation along with some 
of the associated epifauna. In the 2006 survey undertaken as part of this project, a reef 
assessment of each Hamon grab sample was made on board. This included photographs of 
the entire sample and of selected tube agglomerations (Figure 77), measurement of tallest 
structure and volume of tubes remaining on the 5 mm mesh. A reef scale was also devised 
for assessing the tube structures during the processing of the samples in the laboratory (see 
Table 5). This provided further information on the type and quality of reef/tube complexity 
present. Although the mixing nature of the Hamon grab and subsequent transfer to container 
and sieving may have altered the original structure of the reef, this method still gave and 
indication of possible ‘reefiness’. Other sampling methods, e.g. corers, that keep the sample 
intact, may be better suited for studying tube structure. 
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Figure 76. Examples of visual records of the contents of a 0.1 m2 Hamon Grab containing S. spinulosa 
tubes. The image on the right has been sieved over a 5 mm mesh. Such photographs can be reviewed at 
a later stage during data interpretation. 

 

  
Figure 77. Individual Sabellaria agglomerations can also be photographed and examined in detail. 

 
 
4.3.3.2 The Day grab  
 
The Day grab evolved from the spring-loaded Smith-McIntyre grab (Holme and McIntyre, 
1984) and represents an attempt to simplify this earlier type of sampling device without loss 
of operational efficiency. It incorporates a frame to keep the grab level on the seabed and 
two trigger plates to activate the release, but there are no springs to force the hinged 
buckets into the bottom. The modifications over the original Day grab design (Eagle et al., 
1978) consist of ‘stub axles’, with closing flaps that hinge from the exterior of the buckets, 
rather than centrally (Figure 78). This device samples an area of 0.1 m2 to a maximum depth 
of 14 cm. The jaws are supported within an open framework, which will cause minimal down-
wash as it lands on the seabed. Lead weights are usually added to obtain optimum 
penetration of the sediment.  
 
This grab was designed for sampling soft sediments ranging from sands to muds. It does not 
function well on coarse sediments due to the tendency of larger particles to prevent closure 
of the buckets, causing loss of sample and is therefore not well suited for use on cobble 
reefs but has historically been used to sample Sabellaria populations (George and Warwick, 
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1985). Where there is a high percentage of soft sediment (sands or muddy sands) 
associated with a Sabellaria biotope, this grab can be used, albeit with the likelihood of a 
relatively high failure rate. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 78. Image of a 0.1 m2 Day grab ready 
for deployment. 

 

4.3.3.3 Shipek grab 
 
The Shipek grab employs a semicircular bucket activated by powerful springs (Holme and 
McIntyre, 1984). It has proved very effective in sampling coarse substrata and is widely used 
in marine geophysical and geochemical surveys (Figure 79). The spring-loaded bucket 
rotates through 180° on closure, ensuring that no wash-out of sediment occurs during 
recovery through the water column. The strong spring mechanism also allows samples to be 
collected from relatively hard and consolidated sediments, albeit with an increased failure 
rate due to larger particles preventing proper closure. Unfortunately, due to its small size 
(sampling an area of approximately 0.04 m2), this device is unsuitable for quantifying the 
fauna associated with Sabellaria reefs (as well as cobble reefs) as part of quantitative 
investigations, but may be useful in pilot surveys aimed at preliminary characterisation of 
habitat types.  
 

  
Figure 79. A Shipek grab prior to deployment (left), and an example of 0.04 m2 Shipek grab sample 
containing S. spinulosa (right). 
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4.3.3.4 The van Veen grab 
 
The van Veen grab (van Veen, 1933) in common with many other grabs, relies on the 
closure of two opposing jaws for the collection of a sediment sample. The difference 
between this and the Petersen grab (Eleftheriou and Moore, 2005; Holme and McIntyre, 
1984) is that the van Veen grab has long arms attached to each bucket, thus giving better 
leverage during closure. This mode of action is not ideally suited for the collection of coarse 
sediments as large particles of gravel tend to become caught between the jaws, resulting in 
loss of the sample upon retrieval of the grab. Thus, whilst this type of grab has been used 
widely in benthic macrofauna studies, it is not recommended for use on hard-packed gravels 
and cobble reefs. On softer substrata, (i.e. with a reduced gravel component) its 
performance characteristics are likely to match those of the Day grab and, in some 
instances, may be preferable on account of the greater leverage provided by the side arms. 
 
Until recently, grab sampling has lacked spatial precision. However, sonar location devices 
and vertical video cameras attached to the grab have improved the knowledge of the spatial 
context of grab samples. For example, when sampling scattered colonies of Sabellaria, grab 
sampling can be more effective if it is video-assisted, giving the added advantage of 
providing slightly broader scale information for the interpretation of the grab data.  
 

4.3.3.5 Small epibenthic trawls 
 
Small-sized beam and Agassiz trawls are commonly used for remotely sampling the 
epifauna in a ‘semi-quantitative’ or qualitative manner (Holme and McIntyre, 1984). These 
trawls are designed to sample at and just above the surface of the seabed and, because of 
the relatively large area that can be covered in one deployment, they are appropriate for 
collecting the larger, rarer or more motile species.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 80. 2 m Jennings beam trawl recovered on the aft-
deck of the CEFAS Endeavour. Note the chain mat ahead of 
the entrance to the net and the yellow chafer protecting the 
cod-end. 

 
Two-metre beam trawls are now in widespread use for sampling the benthic epifauna in 
areas subjected to marine aggregate extraction (Boyd, 2002; Boyd et al., 2004; Cooper et 
al., 2005) and they have also been used to monitor the distribution of S. spinulosa 
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populations (Newell et al., 2001). The small size of this type of gear makes it easy to deploy 
and usually results in the collection of a manageable sample size. On coarser substrata, 
such as those likely to be encountered during surveys of cobble reefs, the use of a heavy 
duty ‘Jennings style’ 2 m beam trawl may be advised to avoid damage to more fragile forms 
of this gear (Figure 80). However, as noted above the benefits of having a complete 
description of habitats must be assessed against the scale of potential damage caused by 
trawling across habitats of known conservation significance. The heavy-duty 2 m beam trawl 
consists of a metal beam, a chain mat designed to prevent the collection of larger boulders, 
and chafers to limit net damage (see Jennings et al., 1999 for design information). For this 
reason, in general, trawls are deemed to be unsuitable for surveys specifically designed to 
target S. spinulosa, although there may be some merit in limited and/or targeted sampling by 
this method. 
 

4.4 Comparative performance of survey techniques and survey 
design  

 
Habitat mapping surveys combine remote sensing and ground truth sampling and habitat 
distribution is inferred from links established between the habitat classes and the acoustic 
remote data (either statistical or based on expert rules - see MESH guidance). It is also 
important to realise that small numbers of ground truth samples will mean that the inferences 
underpinning distribution maps will be weaker than if a large number of ground truth samples 
is collected. It is better to err on the side of caution and plan for enough samples to fully 
represent the survey area. As a general guidance, there should be at least 5 samples for 
each main habitat class and that they are generally spread over the whole survey area. That 
means that large areas will require more than 5 samples per class in order to cover any 
possible geographic trends in habitat class. Habitats with high spatial heterogeneity will also 
require more samples than homogeneous habitats. 
 
There is no single best survey strategy or choice of equipment. It is important that an 
appropriate compromise is reached that matches the aims of the survey to the survey 
strategy and choice of equipment.  
 

4.4.1 Comparison of performance of techniques 
 

Table 11 provides a comparison of the levels of effectiveness of the survey and sampling 
tools described within this report. The effectiveness of each method is assessed against a 
number of characteristic features or potential measures of a S. spinulosa reef community. A 
summary table such as this is a useful means of selecting an appropriate tool or suite of 
tools, which might address particular issues of reef identification, mapping and evaluation. 
The precise selection of tool or suite of tools will be determined by the specific objectives of 
the survey that is to be conducted. It is intended that this document assists in clarifying the 
scenarios in which particular techniques are believed to be most proficient, such that the 
audience is better able to plan their survey programs. 
 
Table 12 below summarises the sampling and survey techniques that have been addressed 
in this report in more detail. The benefits and disadvantages of each system are addressed 
and presented in a way that allows the reader to assess the relative merits of one technique 
against another. This information can then be used to inform the choice of technique(s) 
employed that most appropriately fit the survey objectives. 
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Table 12. Advantages and disadvantages of sampling and survey techniques addressed in this report.  

ACOUSTIC GROUND DISCRIMINATION SYSTEM 
Advantages  
• Easy to use and relatively inexpensive: AGDS can either be used in line with existing echosounders or be 

deployed on a pole-mounting. They are small units, which require little power and space. 
• Backscatter values consistent due to vertical beam: Apart from allowances for depth attenuation (which are 

incorporated into sounders and logging software) no other corrections have to be made for grazing angles.  

• Discriminatory powers based on backscatter relatively good: Echosounders can be sensitive to sediment 
bulk properties as well as surface roughness.  

• Raw data values of some AGDS systems (e.g. RoxAnn and QTC in unsupervised mode) may be used by 
non-scientist crew: Many applications of AGDS focus on real-time inspection of the acoustic ground types 
to guide a survey for specific habitats, such as Sabellaria reefs. 

• Data straightforward to analyse: AGDS produce relatively small datasets that can be analysed in a variety 
of software packages once the data have been exported.  

• Easy to use in conjunction with most other acoustic equipment: AGDS can be used over most survey 
vessel speeds and this, together with their compactness and low cost, makes them ideal to run in 
conjunction with other equipment. 

Disadvantages 

• Resolution low and variable: Resolution is primarily limited by track spacing. It is unlikely that resolution 
would ever be higher than 25 m. The results can be variable depending upon the system used and 
environmental conditions.  

• Interpretation of acoustic images not direct: Unlike swath systems, the output of values is not readily 
interpreted from the raw data, but must be interpreted in conjunction with ground truth samples. Thus, 
distributions of habitats are inferred rather than directly detected. 

• Discrimination between sediment types can be poor: Discrimination of a reef against a background of sand 
may be good, but is probably not sufficient to identify with confidence S. spinulosa reefs against a 
background of cobble, gravel and mixed sediment. 

• The acoustic response to habitat types is likely to be system specific and even variable between surveys. 
Thus, AGDS are empirical tools and the interpretations are likely to be survey-specific. 

Recommendations 
AGDS is a useful adjunct to a survey and provides a useful standard against which to interpret backscatter 
data from sidescan and swath systems. It is unlikely to be sufficient in itself to detect reefs with confidence but 
may be used to predict areas with a high probability of reef. 

SIDESCAN SONAR 
Advantages 
• High-resolution acoustic images of the seabed: Under ideal circumstances it is possible to resolve 

upstanding features of a few centimetres in size. 

• Relatively large swath: Data collection along swaths of several tens to hundreds of metres, especially in 
chirp mode. 

• Good coverage: Allows mapping the seabed with full coverage when survey lines are chosen appropriately. 

• Images are intuitive: Relatively easy to interpret features, even for non-experts. 

• Direct viewing and interpretation during survey possible. Indeed, waterfall display is best resolution and 
further post processing may not be required to confirm presence of reef. 

Disadvantages 
• Resolution non-uniform and highly variable. 
• Despite intuitive images, care is needed for interpretation especially of patterns of image texture since 

artefacts can be introduced.  
• Sidescan ‘sees’ topography and not habitats directly. Needs ground truthing to translate acoustic maps into 

seabed and habitat maps. 
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• Backscatter strength dependent upon grazing angle, slope of seafloor and sediment properties and so is 
not easily interpretable in terms of sediment type alone.  

• Slow survey speed required so full coverage of large areas needs a lot of survey time 
• Post processing (if required) time consuming. 
• Detection of Sabellaria reef dependent on system specifications and deployment parameters, particularly 

altitude (close to seafloor) and speed (slower speeds better). Image of features also dependent upon 
orientation relative to direction of tow. 

Recommendations 
Given a suitable choice of equipment (short pulse length, narrow beam width) and deployment parameters 
(course perpendicular to reef structures, speed not too high, altitude ca. 10% of chosen range), sidescan sonar 
is able to detect well-developed Sabellaria reef against a background of dissimilar habitat. Acoustic data have 
to be ground truthed to be meaningful. It remains the system of choice for detecting biogenic reefs. More work 
needs to be done to assess the effectiveness of this technique for identifying cobble habitats. 

SCANNING SONAR 
Advantages  

• The system can produce images of seabed features that are similar to sidescan sonar, but at a higher 
definition. This is partly due to the scanning head being held static a short distance off the sea floor.  

• The lander can be fitted with bullet camera that can ground truth features with high spatial precision.  

Disadvantages 
• This is a specialised research tool not sufficiently tested to prove its capabilities for assessing reef 

development and cover.  

• The limits to resolution of even this high definition sonar system become apparent if the reef is low lying. 
The same source of uncertainty arises as with sidescan: Can we be sure that the texture features really are 
related to reef-like structures? 

Recommendations 
The system, or other very low altitude scanning techniques, could provide a method for validating traditional 
sidescan sonar because it acts as a bridge between video sampling and sidescan. There are possibilities of 
using scanning sonar technology in conjunction with video and other devices to create a hybrid lander capable 
of assessing reef structure in some detail. 

MULTIBEAM 
Advantages 
• Produces higher quality positional information of seabed features when compared with sidescan sonar. 
• Allows for full-coverage mapping of the seabed (given a sensible choice of survey lines), but swath widths 

are generally smaller when compared to sidescan sonar. 
• Applicable at surveys speed of more than 10 knots. 

• Can be deployed in areas unsuitable for towfish deployment (near structures or underwater obstructions). 
Digital Elevation Models (DEM) can be used to create illuminated images to show off topographic features. 
Detection of these not dependent upon direction of tracking. DEMs also used to derive cross-sections of 
heights of features for measurement. 

• Backscatter available for investigation of sediment properties. 

• Widely used in other mapping and survey projects. Opportunistic use of data gathered for other purposes, 
though needs to be re-worked from raw data for optimal data density. 

Disadvantages 
• Reefs probably at limit of resolution of the systems. 

• Backscatter data are inferior to sidescan sonar imagery for feature detection lacking resolution, contrast 
and shadow definition (although may be better for bulk properties of sediment - yet to be tested if this is 
useful for detection of reefs). 
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• Ground truthing information is essential to transform acoustic maps in habitat maps. 
• Expensive and complex to set up. Processing requires specialist knowledge and tools. 

Recommendations 
High-resolution multibeam bathymetry and its derivatives (slope and rugosity) seem to have potential to map 
Sabellaria reef, but this needs to be further explored. Multibeam bathymetry mapping might be performed 
alongside sidescan sonar and ground truthed with grab and video techniques to give a more thorough picture 
of the nature of the seabed. 

GRABS 
Advantages 

• Grabs allow the close examination of Sabellaria tube structure and the nature of tube clump consolidation. 
Photographs taken of the sample on deck of the vessel can show tube structures and elevation of reef and 
will also assist in defining the quality of reef. 

• Grabs enable the quantitative investigation of community structure (species type, abundance, diversity and 
biomass). The data can be analysed using statistical software packages to compare community structure 
within and between sites.  

• Sediment samples are usually taken from each grab. Particle size analysis provides additional information 
to help describe community structure and changes between sites. This information may also be useful in 
determining the sediments most favoured for Sabellaria reef construction. 

• Grabs are less destructive than some other sampling equipment such as trawls. 
• Grabs can be quickly deployed as a drop camera system to confirm presence/absence of Sabellaria reef by 

attaching a video camera to the grab frame. 

Disadvantages 
• Grabs usually sample ‘blind’. Due to patchiness of Sabellaria reef structures, grabs may not sample any 

reef that is present. However, the simultaneous use of small bullet cameras can help to target grab 
samples. 

• Replicate samples will need to be collected to determine patchiness, particularly if a video camera is not 
attached. Three replicates is the standard number taken. However, the number of replicates needed to be 
statistically valid is often much larger than this. 

• Grabs sample a small area that may not match well to the resolution of acoustic images. In heterogeneous 
ground the nature of the habitat present between sample points cannot be inferred using samples alone 
with a high level of confidence. This makes linkage between grab samples and acoustic images uncertain. 

• Sample processing is expensive and time-consuming. Therefore, the design of the sample program may be 
limited by cost and time. 

• Grabs do not sample epifauna efficiently. 
• Grabs remove small areas of seabed and therefore have the ability to impact on any reef present. 

Recommendations 
Grabs samples are the only method of quantitatively assessing the infaunal diversity of a reef habitat suitable 
for most conditions. Data resulting from grab samples can be compared over time with some confidence if the 
ground is homogeneous. Care needs to be exercised in drawing conclusions in spatially heterogeneous 
ground, which is often typical of areas of reef. Grabs are an effective method of ground truthing acoustic 
images, particularly if they are fitted with a camera. 

TRAWLS 
Advantages 
• Have most merit in sampling S. spinulosa reef where patches are so widely spaced that there is little 

chance of grabs finding them. 

• Allows the investigation of epifaunal species present on the reef that would not necessarily be possible 
using other techniques. 
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• Species can be identified and biomassed on board and returned to the seabed. A reference collection of 
each species can be preserved for validation in the laboratory. 

• Trawls are good for examination of tube structure and consolidation of sediment by encrusting species. 
• As the samples are processed on board and only the reference collection is returned to the laboratory for 

validation, expensive preserving and processing of the samples in the laboratory is avoided. 

Disadvantages 
• Beam trawls are usually towed over distances of several hundred metres and therefore large areas of reef 

can potentially be destroyed. 
• Information relating to the epifaunal species composition of the reef and its structure is at best semi-

quantitative in nature and therefore an assessment of reef, quality, patchiness and extent is not possible. 

Recommendations 
Valuable method for sampling S. spinulosa reef where patches are widely spaced, however use should be 
limited due to damaging effects. Information on epifaunal species present in trawls will aid in the confirmation of 
species observed on video and stills, and provide additional information on the presence of cryptic species.   

TOWED SLEDGES 

Advantages 
• The camera is generally fixed at an optimal distance from the seabed to collect still and video images. This 

fixed distance and their constant contact with the seabed make video sledges a useful tool for assessing 
the patchiness of habitats. 

• Forward-looking images often better for identification of features and species that rise from the seafloor 
than vertical images. Moving images are even more effective than stills for this. 

• Relatively easy to deploy from most vessels, especially light-weight systems. 

• A number of camera systems and associated lights can be fitted to the sledge frame. 
• Pan and tilt systems can be used to gain a varying perspective of the seabed. 

• Video mosaics can be made from sledge images, as successive frames can be referenced to each other to 
produce images of strips of the seabed. 

• High quality cameras can produce very high-resolution images, which can be used for the semi-quantitative 
assessment of biota. 

• A well-designed program of analysis can produce statistically robust data and ease of deployment 
(especially light-weight systems) can give large numbers of samples. 

• The field of view (especially forward looking video observed over time) is at a scale suitable for linking to 
acoustic remote images (tens of metres). 

Disadvantages 
• The course of the camera sledge is determined by the course of the vessel, which in turn is usually dictated 

by prevailing tide and wind conditions. This means that a targeted feature may be missed during a tow. 
• Camera sledge images will be of poor quality in turbid conditions. 

• Accurate positioning of a camera sledge is not always easy as it is towed at a distance from the ship. 
However, the use of cable layback calculations or USBL systems can improve positional accuracy. 

• Might cause some damage to reef structures. 

Recommendations 
Towed systems share the general benefits of video/stills systems described in the ‘recommendations’ section 
for drop-down systems. Towed systems are recommended for visually sampling reef structures if the visibility is 
moderate to good. The position of the cameras and light source may need some experimentation to increase 
effectiveness in reduced visibility. The strategy for the duration of tows requires careful consideration: 
Increased positional uncertainty of long tows may make accurate location of images difficult (particularly with 
reference to acoustic images) and this may make it impossible to have precise linkage between samples and 
remote images on patchy ground. Shorter tows may be preferable. However, long tows may be more useful in 
detecting boundaries between adjacent areas of more homogeneous ground. 
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DROP CAMERAS 
Advantages 
• Camera systems can be used in a wide variety of conditions (in particular where it is difficult for divers to 

operate). 
• Simple systems are easy and quick to deploy enabling many sites to be surveyed in a relatively short time. 
• A sampling program can be designed that can deliver statistically robust data. 

• A drop frame can be deployed in rocky areas or areas of high topographic variability. 

• If the camera frame can be kept off the seabed it can be used as an entirely non-destructive technique.  
• It is relatively easy to gain an accurate position for a drop camera deployment.  

• Bullet CCTV cameras are cheap and small and can be deployed on a variety of other samplers. 
Additional, variants of the drop system: 
• Grab mounted drop cameras collect an image immediately adjacent to the grab sample providing additional 

information on the disposition of the sediment or reef habitats. Can be used to targeted grab sampling. 
• The SPI drop camera system can provide a vertical profile through the reef and the sediment that underlies 

it. 
• The SPI and ‘low visibility’ drop camera systems have the capability to produce an image of the seabed in 

very turbid conditions. 
• Water curtain cameras used in low visibility. 

Disadvantages 
• Standard vertically directed drop camera systems will not collect good images in poor visibility. 

• If held above the sea floor, the field of view is not constant due to the rise and fall of the vessel. This makes 
image scaling difficult. The use of laser scaling systems can mitigate this problem. 

• In rough conditions the camera spends much of the time either too far away from the seabed to see it, or 
colliding with the seabed causing clouds of sediment. 

• Difficult to take good quality still images as it is difficult to keep the camera at an optimal distance from the 
seabed. 

• Water curtain cameras somewhat unwieldy and may affect the sediment by the pressure wave of the 
descending apparatus and accelerated current in front of lens. 

Recommendations 
In low turbidity conditions camera systems are invaluable for ground truthing acoustic images or for confirming 
the presence or absence of reef structures. They are of particular value in areas of very coarse habitat where 
other techniques (e.g. grabs) are less effective. Still and video images can be used to provide semi-quantitative 
data on the sediments and biota present. Camera systems are relatively non-destructive when compared to 
other techniques. However, standard vertically directed drop camera systems are not the observation system 
of choice since towed systems have greater ability to deliver quality forward-looking and vertical images. 
However, water curtain cameras may be the only system that can obtain images in very poor visibility. The 
deployment of cameras/video on other drop-down systems increases the information they collect and the 
scope for targeted sampling. 

REMOTELY OPERATED VEHICLE 
Advantages 
• An ROV can be used as an investigative tool as the operator can stop the vehicle and explore a feature of 

interest. The camera can be zoomed in to a level where individual organisms can be identified. 

• ROVs are frequently fitted with high-resolution cameras enabling the collection of very high quality still and 
video images. 

• The ROV is able to provide a more versatile perspective of the seabed enabling panoramic observations to 
be made. This is of particular benefit when attempting to assess the topographical landscape of a reef 
structure. 
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• Small ROVs are easy to deploy. 
• Under expert control the ROV need not touch the seabed, making it a non-destructive technique. 

Disadvantages 
• Large ROVs are expensive to hire or purchase and a skilled operator will be required. 
• Deployment is a challenging process as the survey vessel must stay close to the ROV at all times. If 

positional contact with the ROV is lost during the deployment, recovery can be difficult. 
• It is not possible to use ROVs in strong tidal conditions, low visibility or during rough weather. 

Consequently, this limits the window of opportunity for their use. 
• If excess ROV cable is paid out, it can lie on the seabed in loops and become snagged on upstanding 

features (e.g. reef structures). When the ROV moves off, the loop of cable can be dragged through the 
feature. 

• ROVs cannot be deployed as rapidly as drop or towed systems reducing the number of sites that can be 
sampled in a given time. 

Recommendations 
Small ROVs may be suitable for sampling reefs under suitable conditions and can produce excellent results. 
However, they have yet to be tested on a full-scale survey under varied conditions. Large ROVs may prove 
very effective under suitable conditions, but their expense and requirement for specialist operators means that 
they are unlikely to become a routinely used tool for mapping and monitoring reefs. 

DIVERS 
Advantages 
• Divers are able to make extensive investigations of features of interest. They can collect still images or 

video footage to serve specific objectives. 
• They can collect samples of sediments or biota using a variety of hand-held equipment. 

• Diver-biologists can thoroughly search a habitat and record a more comprehensive list of conspicuous 
species than other means of sampling. 

• They can gain a good overview of a habitat at a scale suitable for linking to acoustic remote images (tens of 
metres). 

• They are generally a non-destructive technique. 

Disadvantages 
• Of little use in conditions of poor visibility, strong tides or deep water (> 30 m). 

• Relatively expensive to hire commercial dive teams. 
• Only a limited number of locations can be dived in a working day. 

Recommendations: 
It is unlikely that divers would be used for habitat mapping surveys. However, their versatility may make divers 
the ideal choice for monitoring surveys if conditions permitted, especially where detailed counts and a variety of 
measurements are required. 

 

4.4.2 Survey design 
 
The techniques to detect and map S. spinulosa reef features have been described 
individually in previous sections, although the examples used to illustrate their use has 
necessarily combined remote sensing and sampling. It is clear that the various remote 
sensing and sampling techniques have their advantages and disadvantages and benefits 
could result from combining many of these techniques into a single survey design. Since the 
costs of vessel and crew forms a large part of the expense of a survey, the additional costs 
of combining complementary techniques may prove to be an effective way of getting the best 
from a survey. On the other hand, deploying too many systems will add to cost and increase 



Best methods for identifying and evaluating Sabellaria spinulosa and cobble reef 

115 

 

the logistic complexity of a survey. It may even have implications for the size and space 
requirements of the survey vessel. 
 
It is entirely feasible to run sidescan, multibeam and AGDS concurrently without interference 
between systems. However, there may be other demands for survey equipment, such as 
magnetometers and sub bottom profilers and these may require some prioritisation of 
techniques that can be accommodated. Assuming that these three acoustic systems (AGDS, 
sidescan and multibeam) can be accommodated, sidescan may prove to be the more 
limiting in terms of vessel speed and conditions for operation (e.g. sea state, static fishing 
gear, orientation of shallow sandbanks). The surveyor in charge may well be faced with the 
choice of aborting sidescan survey whilst continuing with multibeam and AGDS or stopping 
the survey altogether until all systems can be safely deployed. An assessment needs to be 
made whether the information lost will be critical to the habitat map outputs and the desired 
confidence of detecting and mapping particular habitats, such as biogenic reefs. If mapping 
the extent of biogenic reefs is high on the list of priorities of the survey, then deploying 
sidescan at low altitude and slow vessel speed is important. If biogenic reefs are suspected, 
but their location is not known, then a less demanding sidescan survey might be justified 
with a back-up of a second phase of detailed survey if a sufficiently well-developed reef is 
found. 
 
Multibeam may suffice to rule out particular bottom types that are unsuitable for reef 
development but these systems have not been proven to be able to detect ground likely to 
have reefs. 
 
The selection of suitable ground truthing techniques and the strategy for their deployment in 
a sampling program presents more complex choices. Visual confirmation is the only means 
of confirming well-developed reef at specific locations. However, there are two caveats to 
their use: Firstly, visual observation is difficult in conditions of poor visibility and, secondly, 
visual observation may not be enough to detect reefs that are less well developed, but still 
be regarded as of conservation significance. There are two choices for surveyors: Firstly, will 
visual confirmation always be required and, secondly, are other sampling techniques also 
required as a standard part of the survey design? If visual confirmation is critical, then the 
survey design will need to consider low visibility options should conditions demand them. 
These would include the availability of techniques such as water curtain cameras or adopting 
a strategy of using only suitable weather windows. It should be stressed that low visibility 
techniques should be used only if conditions dictate and not be used under all conditions 
since the data they provide are inferior to normal towed/drop-down systems. 
 
The choice of a complementary sampling device (usually a grab) will depend on the 
threshold required for reef status. If the area being surveyed is known to be of potential 
importance for reefs, then an assessment of less developed reef might be important since 
these could represent vital stages in the growth of reefs. A suitable strategy might be for 
visual confirmation and, where no large structures are seen, the deployment of a grab might 
be used to detect smaller agglomerations of S. spinulosa. An on-board inspection of the grab 
for tubes may be enough rather than expensive infaunal analysis. Deployment on well-
developed reef may not be justifiable unless population and biodiversity data are required for 
a specific purpose. 
 
If the area is considered to be of low potential for reef and, consequently, of a lower level of 
interest for its conservation value, then a negative visual result (i.e. no large reef structures 
seen) may be enough to satisfy the demands of the survey. 
 
Surveys that are likely to encounter biogenic reefs vary widely in their aims and this will 
determine what techniques are deployed. Aims of the survey may range from general survey 
of broad areas for geophysical and environmental purposes, through more specific survey of 
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reefs to detailed monitoring of known areas of reef. Four possible scenarios are outlined 
below to illustrate the full range of survey strategies in which reef detection may form one of 
the aims.  
 

4.4.2.1 Extended linear survey 
 
Some surveys follow the proposed route of a cable or pipeline and will collect full coverage 
along the route but limited coverage away from the route. The aims might be twofold: to 
collect geophysical data necessary for planning engineering works and for environmental 
impact assessment. Unless there is prior evidence that biogenic reefs occur in the area, it is 
unlikely that a systematic search will be conducted for these particular habitats and, 
therefore, the chances of detecting reefs with certainty are greatly reduced. 
 
It is probable that sidescan and multibeam will be used as standard (apart from other 
techniques not covered in this report, such as sub bottom profiler and magnetometer). 
Geophysical interpretation requires little ground truthing since the images are interpreted 
directly on the basis of obvious features. Operators may also see patterns in the images that 
do not readily accord with identifiable features and these might be investigated through 
ground truthing. This is not an adequate strategy for habitat mapping since the linkage 
between geophysical features and biota is not straightforward: classes of biota are not 
exclusively found on particular seabed features or even sediment types. Thus, inferring 
habitat distribution based purely on seabed features is unsafe. 
 
Nonetheless, ground truthing unusual patterns may turn up interesting features, such as 
biogenic reefs and the information gained in this way, although not systematic, adds to our 
knowledge of the distribution of unusual habitats. It does mean that, once detected, the 
distribution along the surveyed route cannot be inferred with any certainty. If the habitats are 
considered of particularly conservation importance, further more detailed and targeted 
survey may be required. 
 

4.4.2.2 Systematic survey with incomplete coverage 
 
Surveys of very large areas in which reef habitats may be suspected to be present, but with 
no certainty as to location, may be surveyed with a systematic layout of lines and cross-lines 
but without full coverage. This strategy may be unavoidable if the resources are not available 
for a full coverage survey and yet still provide a broadscale overview of an area that is useful 
for management. 
 
The systematic deployment of the equipment improves the likelihood of detection through 
adoption of best-use practises (see below), but the incomplete coverage leaves scope for 
missing patches of habitat that fall between lines/grid. The design of the survey lines may be 
regular (e.g. a grid with equally spaced lines) or based on a desktop study of the marine 
‘landscape’ and positioned to cover different sea bed types and/or focussed on areas of 
greatest heterogeneity. Ground truthing can likewise be targeted based on a desktop study 
and/or the results of the remote survey. The general guidance (see above) on sample 
numbers and distribution throughout the survey area should be followed. 
 
It should be pointed out that detailed habitat mapping (such as might be possible along the 
survey lines) cannot be done by interpolation between lines, especially if lines are widely 
spaced. The data along the lines are representative of the area interpolation between lines 
can only connect broadly similar habitats or suites of habitats where the ground is 
heterogeneous. There is no guarantee that habitats of interest will not be missed by 



Best methods for identifying and evaluating Sabellaria spinulosa and cobble reef 

117 

 

‘escaping’ between adjacent lines. The chances of this happening are greatly reduced if the 
lines are closely spaced and the minimum size of the target habitat is set high. 
 

4.4.2.3 Systematic survey with complete coverage 
 
Smaller focussed areas may be surveyed with full coverage or even overlapping coverage. 
The purpose might be to increase the certainty of the detection and mapping of reef habitats 
(i.e. remove the chance that significant habitats fall into gaps between adjacent survey 
lines). It may be a requirement to map boundaries of habitats and/or quantify patchiness and 
coverage. General guidance on the number and position of ground truth samples should be 
followed. It may be that simply confirming the presence of particular habitats (such as well 
developed reef) is sufficient without the need for costly infaunal analysis. This will depend 
upon the purpose of the survey. 
 

4.4.2.4 Monitoring and reef evaluation survey 
 
High precision and detailed acoustic and sampling survey may be required for condition 
monitoring purposes where changes in boundaries and coverage need to be measured. The 
findings of this report suggest that high frequency sidescan flown at low altitudes and low 
speeds with a small swath range increases the resolution and performance of the system for 
detecting small topographic reef features. The best geographic registration of images will be 
obtained if the sidescan is deployed under favourable conditions reducing the effect of yaw. 
Even taking these precautions it may not be possible to map the distribution and extent of 
reefs with certainty and more specialised remote sensing systems might be contemplated. 
 
Sampling may need to detect the full range of S. spinulosa communities from very low 
density to well developed reef, necessitating the use of visual and quantitative grab 
sampling. Care will need to ensure that the sampling program will be able to produce data 
that can be used to detect the required effect size (scale of change considered important) 
and track trends. 
 
Clearly, the way in which the sample data relate to the remotely sensed data become more 
critical with the intensity of the survey. With all survey strategies, uncertainty will be 
introduced through the combined positional error of the remotely sensed data and the 
sample location. If this is critical, then steps must be taken to get the best positional 
accuracy as possible. 
 

4.4.3 Conclusions  
 
The different sampling and survey techniques suitable for the detection and mapping of S. 
spinulosa reef features have been described and assessed in previous sections. From this it 
is clear that there is no single best choice of equipment or survey strategy to detect and map 
S. spinulosa reef. It is important that an appropriate compromise is reached that matches the 
aims of the survey to the survey strategy and choice of equipment.  
 
However, as a general guidance, sidescan is likely to remain the system of choice for the 
detection of S. spinulosa reef, although the way the system is deployed (low altitude, low 
speed, small swath range) is critical for reef detection. Multibeam may be useful for 
broadscale survey and focussing detailed survey on areas likely to support reefs, but they 
are unlikely to detect reefs with a confidence that matches sidescan. AGDS is a useful 
addition to sidescan since it returns values on bulk sediment properties difficult to estimate 
from sidescan backscatter. It may also be useful as a check on multibeam backscatter, but 
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this has not been investigated thoroughly. Since AGDS is inexpensive and easy to run in 
conjunction with other systems, it would seem that this would be a useful addition to any 
survey. However, AGDS require setting up correctly and performance should be monitored 
periodically during the survey by an operator. Without this level of commitment, AGDS data 
may be difficult or impossible to analyse.  
 
The importance of a good sampling program cannot be overstated. An expensive survey can 
be compromised if the ground truth data are inadequate for interpretation. This requires 
sample numbers to be high enough to sample the full range of habitats. It is difficult if not 
impossible to map habitats that have not been sampled purely on the basis of the remotely 
sensed images. Large areas may exhibit broad geographic trends in habitat composition and 
it is also important that samples are spread throughout the survey area. 
 
Visual observation of reef structures remains the only certain way of confirming their 
presence. This confirmation may be enough for many survey purposes. Video and stills may 
not be able to detect lower agglomerations of S. spinulosa and other sampling techniques 
must be used of which grab sampling remains the most effective. This may also be needed if 
poor visibility rules out the use of visual observation. Grab samples are expensive to 
process, but on-board examination of the sample for worm tubes may be sufficient for many 
survey purposes.  
 

5 Methods for identifying, mapping and evaluating 
cobble reef habitats 

 

The focus of this study has been on the best methods for identifying, mapping and 
evaluating reef structures created by agglomerations of the tubeworm S. spinulosa. 
However, this project also considered which techniques might be best utilised when 
attempting the same aims for cobble reef habitats. 
 
A cobble, as defined in the Folk classification system (Folk, 1980), is a particle which is 
between 64 mm and 256 mm in diameter. For the purposes of this project we have chosen 
to test our methodology on substrates which are made up largely of cobbles but which have 
other sediments as either a matrix, or which are present as discrete patches within the 
cobble habitat. This is in line with the latest interpretation of cobble reefs by the statutory 
nature conservation agencies, which consider that to qualify as a cobble reef under the 
Habitats Directive, 10% or more of the seabed substratum should be composed of particles 
greater than 64 mm across, while the remaining supporting matrix could be of smaller sized 
material (Irving, 2009). The reef may be consistent in its coverage or it may form patches 
with intervening areas of finer sediments. As with S. spinulosa reefs, the quality of a cobble 
reef should be assessed using a range of factors, including its physical structure, associated 
epibiota, stability and functionality (see also Section 2.1.2). 
 

5.1 Effective survey and sampling techniques 

5.1.1 Case study 1: Cefas Eastern English Channel survey -
2006 

 
Initially, the BGS regional seabed sediments map for the English Channel was consulted to 
identify a part of the Eastern English Channel which might be a suitable test ground for 
evaluating the effectiveness of a number of tools for surveying and sampling cobble habitats 
(Figure 81). Then a number of video sledge tows were used to confirm areas of cobble 
habitat in the wider region. The images from each tow were analysed, and the percentage 
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cover of cobbles along each track was quantified. The video tows were used to select a 
small area of seabed where the cobble coverage varied to a known extent (Figure 82). This 
meant that subsequent survey tools could then be tested over seabed of known and varying 
cobble coverage. 

 
Figure 81. BGS seabed sediments map for the Eastern English Channel showing the location of the 
study area (red box) in relation to sediment type (based on Folk Classification).  

 
Figure 82. This figure shows the video tow (orange and yellow line) overlain on 100 kHz sidescan sonar 
data collected as part of the same survey. Cobble coverage is enumerated and plotted as different 
colours along the track. The position of selected still images (1-3) presented in Figure 83 are indicated in 
red along the tow. The blue line shows the track of a 2 m beam tow. 
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A towed sledge was used to collect video and still images of the seabed along a pre-
determined route. This technique is covered in detail in Section 4.3.1.3. Excellent water 
clarity allowed high quality still and video images to be produced. The images were analysed 
to establish the nature of the biological and physical habitat along the tow. The photographic 
data were used to describe and enumerate the larger epifauna present. It was also possible 
to make an assessment of the nature and distribution of sediments along the tow. Still 
images selected from areas of high and lower cobble coverage are shown in Figure 83. 

 

  

 

 
 
 
 
 
 
Figure 83. Still images taken along the video sledge 
tow shown in Figure 82. A - This image is taken from 
the eastern end of the tow and is within an area of 
16-30% cobble coverage. B - Coarser substrates 
from the central part of the video tow judged to have 
31-60% cobble coverage. C - This image was 
collected from the western end of the tow and shows 
a change to finer sediments (16-30% cobble 
coverage). All images are approximately 1 m across. 

 
This survey demonstrates that video data can be an extremely effective tool for assessing 
cobble habitats. It should be noted that the ability to resolve and identify smaller epifaunal 
species will depend of the quality of the image. This will in turn depend on a number of 
factors such as the quality of the camera, water clarity, nature of the recording medium and 
speed of the towed sledge across the seabed. 
 

5.1.1.1 Sidescan sonar 
 
A 100 kHz sidescan survey was conducted over the area surveyed using the video sledge 
(Figure 84 and Figure 85). Although there is some variation in the backscatter across the 
sidescan sonar image, there does not appear to be a noticeable change in backscatter 
associated with the change in cobble density determined from the video data. This may be 
because the sidescan is simply not able to differentiate between the varying relatively hard, 
rough substrates. However, there is some oversaturation of the sidescan image in the centre 
of the record and this may obviate the detection of some subtle changes in sediment type. It 
is also possible that a more comprehensive survey approach using differing towfish heights, 
tow speeds and survey line orientations may have been more effective in discriminating 
cobble habitats in this case. This is worthy of further attention in future projects. 
 

B 

C 

A 
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Figure 84. 100 kHz sidescan sonar image of the same piece of seabed that was surveyed by the video 
sledge. The orange and yellow lines show the location of the video tow (see also Figure 82).  

 

 
Figure 85.  Zoomed in image of Figure 84. There is no obvious link between the backscatter from the 
sidescan and the changes in sediment type observed from the video sledge tow. The tracks of demersal 
fishing gear can be seen running roughly parallel to the video tow. 

 

5.1.1.2 Multibeam backscatter  
 
Although it was unlikely that the bathymetric component of swathe multibeam would be able 
to detect cobble habitats, it was possible that the backscatter from this system (Kongsberg 
Simrad EM3000D) might discern varying quantities of cobble. The images in Figure 86 and 
Figure 87 below show that in this instance, this is not the case. There is little variation in the 
backscatter over the entire image and there does not appear to be any change in 
backscatter that could be linked to a change in cobble density. 
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Figure 86. Image of the backscatter component of the multibeam system collected over the area 
surveyed using the video sledge. The orange and yellow lines show the location of the video tow. 

 

 
Figure 87. Zoomed in image of Figure 86. There is no apparent change in multibeam backscatter, which 
coincides with the changes in sediment type that were observed from the video sledge. The orange and 
yellow lines show the location of the video tow. 
 

5.1.1.3 Hamon grab 
 
The 0.1 m2 Hamon grab is the recognised tool for quantitatively sampling infauna from 
coarse habitats in the UK (Boyd, 2002). A full description of this grab and its method of 
operation are provided earlier in this report. This grab has limitations in the size of particle it 
is able to sample effectively (Boyd et al., 2006a) and it does not sample the cobble fraction 
very efficiently. It is likely that larger Hamon grabs (e.g. 0.25 m2) will sample the cobble 
fraction more effectively. However, larger grabs will collect larger samples and this may have 
implications for the time and cost of sample processing. For the purposes of this survey we 
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used the 0.1 m2 Hamon grab to provide consistency with other surveys in the area. 
Examples of the type of sample that this grab was able to collect in cobble habitats are 
provided in Figure 88. 
 

  
Figure 88. Examples of the type of sample that the 0.1 m2 Hamon grab is able to collect in cobble 
substrates. The plastic lid in the sample bin is 12 cm x 12 cm. 

 

5.1.1.4 2 m beam trawl 
 
A description and rationale for the use of 2 m beam trawls is provided earlier in this report in 
Section 4.3.3.5). Whilst its widespread use in the conduct of surveys in areas, which hold S. 
spinulosa reef, may not necessarily be recommended, its use is more appropriate in cobble 
habitats. The 2 m Jennings beam trawl was used in this survey to collect samples of the 
epibenthos in areas of cobble habitat. An example of the type of samples that were collected 
is shown in Figure 89A. It is clear from the image that the Jennings beam trawl is certainly 
capable of collecting cobble sized particles, but it is likely that the sample is, at best, semi-
quantitative. 
 

5.2 Other tools of potential use for sampling cobble habitats 

5.2.1 Hydraulic grabs 
 
The aggregate industry routinely uses large hydraulic clamshell grabs for collecting physical 
samples for prospecting purposes. These grabs are effective for the collection of bulk 
sediments from coarse substrates but they have not been assessed for their effectiveness 
for collecting quantitative samples of biota. There may be potential for using this type of grab 
for faunal surveys but their efficacy for such sampling would need to be thoroughly tested 
before it could be recommended for use. 
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5.2.2 Rock dredge 
 
The Rock dredge (Nalwalk et al., 1961) is a robust sampling tool, which is specifically 
designed to collect cobble sized rocks (Boyd, 2002). The diameter of the mouth of the 
dredge (595 mm x 400 mm) prevents the inclusion of very large rocks. A mesh sampling bag 
of heavy duty metal rings allows particles of approximately 20 mm to pass through. The 
dredge is deployed from the vessel and towed very slowly for a short distance across the 
seabed. The samples collected using this dredge should be treated as semi-quantitative at 
best. An image of the Rock dredge being emptied on deck is shown in Figure 89B. 
 

  
Figure 89. A - Image of a sample collected from a 2 m Jennings beam trawl. The plastic lid in the sample 
bin is 12 cm x 12 cm. B - Rock dredge sample being emptied onto the deck of a survey vessel. Note the 
heavy-duty rectangular metal rim and the collection bag consisting of interlaced metal rings. 

 

5.2.3 Rallier-du-Baty dredge 
 
This dredge was used successfully in the survey of the coarse sediments of the English 
Channel which was carried out by Cabioch in the 1960’s (Cabioch, 1968). It consists of a 
circular metal mouth to which a collection bag of a chosen mesh size can be attached 
(Figure 90A). The dredge is towed across the seabed for a pre-determined time and 
recovered on deck. A full account of the recommended operation of this dredge can be 
found in Boyd (2002). 
 

5.2.4 Anchor dredge 
 
This dredge has also been used for the collection of relatively coarse sediments in the 
English Channel and elsewhere (Holme, 1966). Its early form is described in Holme and 
McIntyre (1984) and modifications to this dredge are presented in Boyd (2002). In short, the 
dredge consists of a steel box attached to a hinged arm (Figure 90B). When deployed to the 
seabed the dredge acts as an anchor as it digs into the sediment to collect the sample. As 
with the other types of dredge described above, the sample that is collected with this dredge 
can only be considered to be semi-quantitative at best and often only provides an indicative 
impression of the fauna present. 

 

A B 
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Figure 90. A - Image of a Rallier-du-Baty dredge. B - Image of a modified Anchor dredge. 

 

5.3 Summary 
 
Methods for the identification, mapping and evaluation of cobble habitats are not well 
established. To a degree this is because this habitat is notoriously difficult to sample. A 
number of tools have the potential to discriminate between this and other substrates but they 
have not been rigorously tested. Until such a time as a set of sampling and survey tools is 
properly trialled and evaluated, this habitat will prove difficult to assess routinely with great 
confidence. 
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