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i 

Summary 
 
This study was carried out jointly by Cefas and JNCC under an overarching marine 
monitoring strategy in which monitoring options, within the context of fisheries management 
measures at the Dogger Bank Site of Community Importance (SCI), were investigated. The 
Dogger Bank SCI comprises the largest expanse of shallow sandbanks in UK waters; 
ranging depth from 20ï60m below chart datum, and represents more than 70% of the UK 
Annex I sandbank resource. It is located in the Southern North Sea, approximately 150km 
north-east of the Humber estuary and is comprised of sands and discrete areas of coarser 
sediments. The Dogger Bank is a geological feature and therefore differs from other UK 
sandbank features that are formed by hydrological processes and, as such, represents a 
variation of typical offshore Annex I sandbanks. The Dogger Bank feature was formed by 
glacial processes prior to submersion through sea level rise and extends across international 
maritime boundaries.  Separate SCIs have been designated in the Netherlands and 
Germany to incorporate the entire feature. Proposed fisheries management zones, currently 
for consideration under the common fisheries policy (CFP), were jointly submitted by the UK, 
the Netherlands and Germany and aim to regulate fisheries for the protection of the Habitats 
Directive Annex I habitat type 'sandbanks which are slightly covered by sea water all the 
time'. 
 
A survey was conducted within the Dogger Back SCI, on the Research Vessel Cefas 
Endeavour in the spring of 2014, employing fauna and sediment sampling and seabed 
imagery methods with stations located for use in one or all of the survey objectives. 
 
The aims of this study included three types of monitoring objectives: 
 
1. Sentinel Monitoring (Type 1) involved assessing the current spatial and temporal 

variability in benthic communities and sediment characteristics of the Dogger Bank 
SCI to enable any directional trends to be better understood within the context of 
natural variability. An additional aim, given the multinational interests of the SCI, was 
to understand how the choice of sediment sampling gear affects the various metrics 
applied to infer conservation status or ecological condition of the feature. A subset of 
stations, surveyed in the 1980s and/or 1990s with a Van Veen grab, were revisited 
with two sediment sampling gears (Mini Hamon and Van Veen grabs) to enable 1) a 
temporal comparison of faunal communities and 2) an investigation into how gear 
selection affects the derived metrics. 
 

Null hypothesis 1: 

Benthic communities and sediment characteristics of the Dogger Bank SCI do not change 
over time. 
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2. Operational Monitoring (Type 2) involved measuring the current state of benthic 
communities and sediment characteristics and relating observations to an abrasion 
pressure gradient. Abrasion pressure was calculated using data on fishing activity 
obtained from Vessel Monitoring Systems (VMS). VMS data were aggregated and 
gridded at 0.05 decimal degrees (dd). Ten areas representing five pressure levels, 
comprising two spatial replicates of each, were sampled to determine sediment 
characteristics and benthic community composition. 

Null Hypothesis 2: 

Benthic communities and sediment characteristics of the Dogger Bank SCI, subject to 
varying levels of abrasion pressure, do not differ. 

3. Investigative Monitoring (Type 3) involved assessing the benthic communities and 
sediment characteristics within and outside four proposed management areas as part 
of a longer term manipulative study into the response of benthic habitats to the 
cessation of bottom trawling. This survey is limited to the provision of data collected 
at the óBeforeô (management) stage of the óBefore-After-Control-Impactô (BACI) 
experimental design employed. 

Null Hypothesis 3: 

At T0, benthic communities and sediment characteristics do not differ between control and 
impact stations located within/out with the proposed fishery management areas. 

 
All three monitoring strategies complement each other and provide datasets against which 
future monitoring data may be compared to explore spatial and temporal change, and 
potentially infer causality of changes where they are observed (e.g. in relation to changes in 
spatial and temporal distribution of given pressures).  
 
Findings of the current study support historical observations that sediments and biological 
communities are both spatially and temporally variable across the Dogger Bank SCI. 
Therefore, in order to understand the effects of physical disturbance on benthic habitats, 
attributable to demersal trawling, it is vital to consider the wider ecosystem of the Dogger 
Bank SCI in the context of the prevailing, natural environmental regime. Additionally, the 
provenance of any historic data must be clearly understood to ensure that it is used and 
interpreted appropriately in combination with newly acquired data and evidence. 
 
Changes in community composition along the perceived gradient of increasing abrasion 
pressure were not detected from the univariate metrics or multivariate analyses. This may be 
due to a number of factors, including: 

1) the method used to calculate the pressure gradient may not be sufficiently spatially 
and/or temporally resolute to capture the direct effects of the trawling activity; 

2) additional pressure on the benthic habitats of Dogger Bank attributable to trawling 
may be within the envelope of natural, prevailing physical disturbance; 

3) status of benthic habitats across the study area may be equally impoverished as a 
result of sustained historical fishing activity; or  

4) there is no relationship in a mobile sedimentary habitat between the abrasion 
pressure and the benthic metrics used in this study. 
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The current study also included an experimental BACI element to allow the efficacy of future 
management measures to be assessed in terms of maintaining and/or recovering the habitat 
features to favourable condition. Results of the óBeforeô element of the data analysis 
indicated high levels of variability occur across the Control and Impact treatments of the four 
management areas proposed for the UK sector of the SCI, reflecting the dynamic nature of 
the study site. Therefore, it is suggested that these relatively high levels of variability 
observed across the SCI, in combination with patterns in the distribution of fishing activities 
and other offshore developments (offshore windfarms, oil and gas and telecommunication 
installatons), should be considered in informing the prioritisation and design of future 
monitoring campaigns (e.g. direct assessment of condition vs pressure based monitoring). 
 
The outputs of this study have resulted in a number of recommendations relating to the 
application of the monitoring approaches explored, both  in the context of the Dogger Bank 
Annex I sandbank feature, and also in the context of wider sentinel monitoring as part of an 
integrated, ecosystem based approach.  These recommendations are summarised below. 
 
Further development is required in relation to: 

1) the methods applied for assessing and illustrating spatial and temporal distribution of 
pressures and gradients in their intensity; and 

2) the selection of both responsive and ecologically meaningful measures/indicators which 
effectively describe the conservation status or condition of a given feature. 

In turn, operational testing of the indicators selected will allow thresholds of acceptable 
change to be identified in the context of natural variability, across the full range of prevailing 
conditions relevant to the feature of interest.  In adopting such an approach, the result will be 
an improved understanding of conservation status and efficacy of management at 
comparable sites and features that maximises scientific advances whilst at the same time 
achieves optimal efficiencies. 
 
In conclusion, it is recommended that, where possible, monitoring strategies employed 
across the MPA network should ensure that results from feature/site specific operational 
and/or investigative monitoring can be put in context of sentinel monitoring of the wider 
marine environment. This will require a concerted effort to be made in the short-medium 
term to coordinate and integrate current and future monitoring activities to provide a more 
ecosystem based approach to monitoring going forward.  This, in turn, will ensure that 
available survey and reporting budgets are spent in the most effective and efficient manner 
to allow common goals, across the full suite of relevant policy objectives, to be adequately 
met. 
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1 Introduction 
 

1.1 Project Background 
 
UK Governments have a requirement to monitor biodiversity across UK waters in order to 
fulfil their national and international obligations for marine biodiversity assessment and 
management. To address this, the UK Marine Biodiversity Monitoring R&D Programme (UK 
MBMP), a partnership between the Statutory Nature Conservation Bodies (SNCBs) including 
the Joint Nature Conservation Committee (JNCC) and the UK Marine Monitoring and 
Assessment Strategy (UKMMAS) community, was formed to develop options for an 
integrated monitoring scheme for all marine biodiversity across all UK waters. The overall 
aim of this scheme is to collect the evidence necessary to fulfil marine biodiversity 
obligations and provide timely and effective advice for marine management (for more 
information on UKôs marine biodiversity obligations see Hinchen 2014). The sheer scale and 
potential cost of monitoring all biodiversity across UK waters necessitated the development 
of an overarching strategy to ensure that monitoring is prioritised effectively and robust 
monitoring data are collected using standardised approaches (Kröger & Johnston 2016). 
 
The overarching strategy recognised that monitoring can be carried out to fulfil two broad 
objectives: firstly, to identify the need for management measures; and secondly to identify 
whether management measures have been effective (Kröger & Johnston 2016). Once the 
broad objectives have been clarified then monitoring approaches can be developed to 
address the specific requirements of the area in question. The strategy categorised 
monitoring approaches into three ótypes of monitoringô which are described below (Kröger & 
Johnston 2016). It should be noted that at this stage in the development of the UK MBMP, 
these approaches are used to detect change, but do not aim to assess current condition 
against established thresholds or targets. As such, the current focus of monitoring activities 
is to begin to develop robust indicators, investigate relationships, and establish datasets 
against which future data may be compared to identify whether a change has occurred. 
 
Sentinel Monitoring (Type 1): provides the context to distinguish directional, long-term 
trends from local and/or short-term variability. To achieve this objective efficiently, a long-
term commitment to regular and consistent data collection is necessary; this means time-
series must be established as their power in identifying trends is far superior to any 
combination of independent studies. To accurately interpret Type 1 data, precise information 
on the distribution and intensity of anthropogenic pressures is also required in the context of 
natural prevailing conditions. 
 
Operational Monitoring (Type 2): is intended to measure the state of a given feature and 
relate observed changes to possible causes. This objective compliments longer term trend 
monitoring and is best suited to exploring the likely impacts of pressures on habitats and 
species and the identification of emerging problems. It leads to the setting of hypotheses 
which relate processes to the underlying, observed patterns. It also relies on determining 
relationships between changes in biodiversity and variability in pressures in the context of 
the prevailing environmental regime. It provides inference but is not proof of cause and 
effect. 
 
Investigative Monitoring (Type 3): is intended to investigate the cause of observed 
change. It complements Type 1 and Type 2 monitoring by testing specific hypotheses 
through targeted manipulative studies. 
 
Sampling strategies and methods for seabed habitat surveys, both within and outside Marine 
Protected Areas (MPAs), are under development as part of the UK MBMP. In 2014, two 
case study monitoring surveys were undertaken to test the developing monitoring concepts, 
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sampling designs, monitoring methods and metrics/indicators for detecting meaningful 
change. These monitoring R&D surveys visited the Fladen Grounds Nature Conservation 
MPA (NCMPA) and the Dogger Bank Site of Community Importance (SCI). Whilst there will 
clearly be site and feature specific requirements for monitoring (to detect change in the 
range, extent and condition of different habitat types and conservation features subject to 
impact by different human pressures) the overarching concepts that underpin the purpose 
and approach to undertaking effective monitoring will be similar across all habitat types. This 
R&D report, therefore, forms part of the evidence base for the development of monitoring 
options for benthic habitats as part of the UK MBMP. 
 
This report describes the findings of a dedicated survey which was carried out between 17th 
May and 6th June 2014 on the RV Cefas Endeavour (cruise CEND 10/14) to collect evidence 
to support the development of monitoring options specifically for the Dogger Bank SCI and, 
more generally, for other comparable offshore shallow sand and coarse sediment habitats. 
 

1.2 Overview of Dogger Bank SCI 
 
The Dogger Bank SCI comprises the largest single continuous expanse of shallow sandbank 
in UK waters. It is located in the southern North Sea, approximately 150km north east of the 
Humber Estuary, and was formed by glacial processes before being submerged through sea 
level rise. Water depth across the feature ranges from 20m at its shallowest extent, sloping 
down to a maximum depth of 60m. The bank extends across international maritime 
boundaries, and therefore separate SCIs have been designated to incorporate the entire 
feature which extends into Dutch and German waters (Figure 1). 
 
Annex I sandbank habitats occur widely in both inshore and offshore UK waters. At the UK 
scale, sediments associated with sandbank features are classified within the EUNIS level 3 
categories: ósublittoral coarse sedimentô (A5.1); ósublittoral sandô (A5.2); ósublittoral mixed 
sedimentsô (A5.4); and ósublittoral macrophyte dominated sedimentô (A5.5), which include 
various constituent biotope complexes (Robson, 2014). The exposed location of the Dogger 
Bank prevents colonisation of the sediments by vegetation and therefore, the constituent 
biotopes of A5.5, namely ómaerl bedsô (A5.51) and ósublittoral seagrass bedsô (A5.53), are 
not present. 
 
The Dogger Bank differs to other UK sandbank features in that it derives from geological 
glacial processes as opposed to being formed by hydrological processes (Diesing et al 
2009). In this respect, Dogger Bank is representative of a different sub-type of the typical 
offshore Annex I sandbank feature (e.g. North Norfolk Sandbanks and Saturn Reef, Inner 
Dowsing, Race Bank and North Ridge SCI and Haisborough, Hammond and Winterton SCI) 
and, given that it comprises more than 70% of the UK Annex I sandbank resource, is 
particularly important in terms of its contribution as part of an ecologically coherent network 
of MPAs (JNCC 2013). 
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Figure 1. Location of the UK and international sectors of the Dogger Bank SCI. 

 
Sediments across the Dogger Bank and within the SCI range from shallow fine sands 
containing many shell fragments, to muddy sands at greater water depths, (Kröncke & Knust 
1995). The sedimentary habitats present across the bank are characterised by faunal 
communities which are considered to be typical of temperate sandbank features. These 
include both errant and sessile polychaetes, amphipods and bivalves, with typical motile 
benthic fauna comprising a variety of hermit crabs, flatfish, starfish and brittlestars (Wieking 
& Kröncke 2001). Sand eels are an important prey resource found at varying densities on 
the bank (Diesing et al 2009), and their population has been shown to support a range of 
fish, seabirds and cetaceans; in particular, the harbour porpoise Phocoena phocoena (Cefas 
2007). Occasional, discrete areas of coarser sediments (comprising cobbles and pebbles) 
have been recorded within the SCI. These localised patches of coarse sediment have been 
shown to be dominated by the soft coral Alcyonium digitatum, the bryozoan Alcyonidium 
diaphanum and serpulid worms (Diesing et al 2009). 
 
A number of factors have been identified which influence the spatial and temporal variability 
in benthic communities on the Dogger Bank. These include natural variables such as water 
depth, sediment type, climate variability, hydrographic regime, temperature and supply of 
organic matter (Kröncke 1990; Kröncke & Rachor 1992; Wieking & Kröncke 2001; Reiss & 
Kröncke 2005). In addition, there are also a number of historical anthropogenic influences, 
including commercial fishing activities, which have also been shown to affect both the 
structural and functional characteristics of the benthic communities found in association with 
the Dogger Bank feature (Kröncke 1990; Kröncke & Rachor 1992; Wieking & Kröncke 2001). 
 

1.2.1 Rationale for site designation 
 
In 2011, the Dogger Bank site was submitted to the European Commission (EC), due to the 
presence of the Annex I habitat H1110 óSandbanks which are slightly covered by sea water 
all the timeô. The site was approved as a SCI in 2012 with the UK Dogger Bank SCI 
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constituting the majority of the delineated international sandbank area, containing 66% of the 
feature and the remaining 9% and 25% located in German and Dutch waters respectively. 
 
The Dogger Bank SCI was delineated based on an analysis of physical and biological 
attributes (Figure 1), with reference to the Habitats Directive Annex I H1110 habitat definition 
(EC 2013). A slope analysis was conducted for the wider Dogger Bank area using the 
methodology described by Klein (2006), where a sandbank is defined by the change in slope 
from the bank to the surrounding plains. From this analysis, a clear delineation of the 
morphological bank feature was evident on the south and western edges, although the 
northern edge of the bank was indistinct (Cefas 2008). Sub-bottom profiles collected across 
the bank were used to confirm the delineation of the formation and to improve accuracy 
(Diesing et al 2009). 
 
While óSandbanks slightly covered by seawater all the timeô are typically associated with 
water depths of <20m below chart datum, characteristic sandbank assemblages have also 
been observed to extend below this depth (EC 2013). Infaunal and epifaunal data, acquired 
by JNCC and Cefas in 2008 (Diesing et al 2009), were analysed to verify the extent of the 
sandbank feature from an ecological perspective, with reference to the infaunal communities 
previously described by Wieking and Kröncke (2003). The composition of macrofaunal 
communities have been observed to gradually change across the bank with the main bank 
feature characterised by fauna typically associated with sandy and coarse sediments. The 
deeper slope area in the northern portion of the site was found to be characterised by 
assemblages more typical of muddy sediments (Diesing et al 2009). The spatial distribution 
of sand eel populations within the site was also taken into consideration in locating the site 
boundary. As such, the site boundary was defined to include the shallow biological 
communities associated with the delineated bank feature whilst excluding adjacent linear 
banks present to the north-west and south-west, which were not considered to be 
representative of the Annex I sandbank feature. 

 

1.2.2 Known human activities at Dogger Bank3 
 
Existing evidence suggests that the Dogger Bank Annex I sandbank feature and the 
associated biological communities are vulnerable to the following pressures (i.e. the 
designated features are both coincident with, and perceived to be sensitive to, a number of 
pressure categories) (JNCC 2012): 
 
¶ physical damage through physical disturbance or abrasion (mobile demersal fishing) 

at a moderate level; 
¶ biological disturbance through selective extraction of species (mobile demersal 

fishing) at a moderate level; 
¶ physical loss through obstruction (oil and gas industry infrastructure, wrecks and 

cables) at moderate levels and through removal (infrastructure development) and 
smothering (oil and gas drill cuttings) at low levels; 

¶ non-toxic contamination through changes in turbidity (cable laying) at low levels. 
 
However, the main pressure at the Dogger Bank SCI was identified as physical abrasion of 
the seabed resulting from mobile demersal fishing activities (JNCC 2012). The Dogger Bank 
area is regularly fished by a number of UK, Dutch and Danish vessels which predominantly 
target plaice and sand eels using mobile bottom trawling gear (primarily beam, otter and 
Nephrops trawls) (JNCC 2012). Demersal fishing may result in physical damage to the 
seabed, and is not currently subject to prior authorisation or licensing. These activities are, 
therefore, considered to pose a high risk of damage to the designated feature (JNCC 2012). 
 

                                                
3
 Activities information correct as of November 2015. 
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Physical damage to the seabed as the result of abrasion is listed in Table 2 of Annex III of 
the Marine Strategy Framework Directive (MSFD) as shown in Table 1 below. 
 
Table 1. Extract from the OSPAR Intersessional Correspondence Group on Cumulative Effects (ICG-
C) pressure list and descriptions (amended 25

th
 March 2011). 

 
The JNCC have produced a recommended method for the creation of a standard UK-wide 
geo-data layer showing the intensity of abrasion on substrata caused by fishing activities, 
focusing on the area beyond 12 nautical miles (nm) from the coast (Church et al 2016). It is 
intended that this method and the parameters used (fishing gear types and associated trawl 
widths and speeds), might be adopted as common approaches in the future. It should be 
emphasised here that the spatial distribution of abrasion pressure derived using this method 
does not necessarily translate into a perceived footprint of direct impact on the habitat 
features and associated species present. Subsurface abrasion pressure (2006-2013) within 
the UK sector of the Dogger Bank SCI is presented in Figure 2. This figure shows the 
changes in the spatial distribution of abrasion pressure over time, for the years where data 
were available. Please see Church et al (2016) for a detailed description of the production of 
the surface and subsurface physical abrasion data layers. Subsurface abrasion (hereafter 
referred to as abrasion) is presented as a swept-area ratio which is an estimation of the area 
of seabed impacted by fishing gear within a grid cell, divided by the area of that cell to 
produce a comparative swept-area ratio score. 
 

OSPAR ICG-C MSFD Annex III table 2 

Pressure theme Pressure Code Pressure 

Physical damage 
(Reversible Change) 

Penetration and/or disturbance of 
the substratum below the surface 
of the seabed, including abrasion 

D2 
Abrasion (e.g. impact on the 
seabed of commercial fishing, 
boating, anchoring) 
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Figure 2. Subsurface abrasion pressure (swept area ratio) within the UK sector of the Dogger Bank 
SCI 2006-2013. Abrasion scores are from the UK-wide layer (Church et al 2016), however the 
categories were determined on the local scale of the Dogger Bank SCI. 

 
The site contains a number of oil and gas developments including many fields, pipelines, 
wells and associated infrastructure. Four telecommunication cables also run through the site 
(Figure 3). 
 
In addition, four offshore wind farms have been granted consent by the Secretary of State for 
development within the site (i.e. Creyke Beck A & B and Teesside A & B), each with a 
capacity of up to 1.2GW (Figure 3). These wind farms will individually comprise up to 200 
wind turbines (depending on the size of turbines selected), offshore substations, export 
cables, onshore converter stations and associated infrastructure. N.B. None of the offshore 
windfarms had been granted consent when the current survey was designed. 
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Figure 3. UK Oil and Gas infrastructure, offshore windfarm development areas and 
telecommunications cables within the Dogger Bank SCI. 

 

1.2.3 Conservation Objectives 
 
A number of long-term, historical studies conducted within the Dogger Bank site have 
indicated that an increase in demersal fishing effort may have resulted in modified benthic 
assemblages (Kröncke 2011). Kröncke (2011) compared macrofaunal data from the 1920s, 
1950s, 1980s and 2000s, concluding that opportunistic species have increased whilst 
aggregations of the bivalves Spisula and Mactra (a key food resource for plaice) have largely 
disappeared. On the basis of the existing evidence, the current condition of the Annex I 
sandbank feature, for which the SCI was designated, is considered to be unfavourable. 
Therefore, the Conservation Objective proposed for the UK Dogger Bank SCI is to restore 
the Annex I óSandbanks which are slightly covered by seawater all the timeô to favourable 
condition (JNCC 2012), such that: 
 

¶ the natural environmental quality is maintained; 
 

¶ the natural environmental processes are maintained; 
 

¶ the physical structure, diversity, community structure and typical species, representative 
of sandbanks which are slightly covered by seawater all the time, in the Southern North 
Sea, are restored. 

 
Restoration to ófavourable conditionô will require assessment and management of activities 
likely to impact the natural environmental quality and environmental processes upon which 
the feature is dependent. 
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1.2.4 Management proposals within the site 
 
EC Guidance (2012), concerning the trans-boundary location of the Dogger Bank feature, 
stated that óeffective conservation of its benthic communities can best be achieved through 
the holistic view of the entire sandbank, through cooperation of the Member States 
concernedô. This coordination is achieved through the Dogger Bank Steering Group (DBSG), 
which has facilitated collaboration between Member States, and provided a forum for 
engagement with stakeholders. The group has produced a fisheries management proposal 
based on input from Member States, the fishing industry and conservation Non-
Governmental Organisations (NGOs). The DBSG works to: 
 

1) ensure a shared understanding of the conservation objectives in terms of the 
requirements of the Habitats Directive; and  

2) identify appropriate common indicators designed to assess the effects of the fisheries 
closures on the sandbank habitat and its benthic communities. 

 
In 2013 the UK, Germany and the Netherlands jointly submitted a proposal to the EC for four 
fisheries management zones within the UK Dogger Bank SCI based on proposals from the 
fishing industry, the NGO community and ICES advice, for consideration under the Common 
Fisheries Policy (CFP) (Figure 4). These aim to regulate fisheries in the SCI for the 
protection of the Habitats Directive Annex I habitat type 'sandbanks which are slightly 
covered by sea water all the time'.  

 

Figure 4. Proposed fisheries management zones for the Dogger Bank SCI (2014). 
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1.3 Survey aims and objectives 
 
There have been several relevant surveys of the Dogger Bank in recent years. In April 2008, 
JNCC and Cefas conducted a characterisation survey to acquire data to support the 
recommendation of Dogger Bank to the EC as a Special Area of Conservation (SAC). This 
characterisation survey incorporated acoustic multibeam echosounder (MBES) data 
collection, seabed imagery and sediment sampling.  A number of surveys have also been 
conducted in support of applications by Forewind (a consortium of four international energy 
companies) to develop offshore wind farms within the Dogger Bank area. These included 
extensive oceanographic and ecological survey work encompassing habitat mapping, 
hydrography, benthic ecology and fisheries.  In 2014, the JNCC and Cefas planned and 
carried out a monitoring R&D survey of the Dogger Bank SCI. Three survey objectives were 
identified for the survey: 
 
Sentinel monitoring (Type 1): to distinguish directional trends from short-term variability 
 
Monitoring long-term change and a posteriori attributing that change to natural or 
anthropogenic sources is a key aim of Sentinel monitoring within the UK Marine Biodiversity 
Monitoring R&D Programme. 
 
Data collection carried out during the current study will contribute an additional temporal 
sampling occasion to the infaunal time series dataset that exists for the Dogger Bank.  
Historically, a number of sentinel sampling stations across the bank feature have been 
visited on a regular basis by Wieking and Kröncke since the mid 1980s (Kröncke 1990; 
Wieking & Kröncke 2005). Therefore, in addition to allowing a temporal comparison of 
historical and current data, revisiting the historic sampling stations may also support the 
óType 1ô monitoring principles; specifically elucidating long term temporal patterns in benthic 
faunal communities across the site and ultimately, within the overall range of comparable 
habitat types across the UK. 
 
Historically, different equipment types have been used to acquire benthic samples within the 
various sectors of the Dogger Bank feature; in part due to variation in sediment composition 
across the bank. In future surveys, the three Member States also plan to use differing 
methodologies to meet their individual requirements for assessment and monitoring. The UK 
monitoring programme will acquire samples using a 0.1m2 Hamon grab, whilst the German 
programme intends to utilise a 0.2m2 Van Veen grab, and the Dutch programme will use a 
Reineck box corer (0.078m2). The infauna data used in the temporal comparison of the 
Dogger Bank infauna were collected using a Van Veen grab therefore, an additional 
objective of this element of the survey was to obtain directly comparable samples at 
specified sampling points to determine if historical samples can contribute to a time-series 
dataset for this site. As such, a subset of 12 stations (previously visited by Wieking and 
Kröncke during 1985-1987 and 1997-1998 (Kröncke 1992; Wieking & Kröncke 2005)) were 
selected for sampling with both a 0.1m2 Hamon grab (traditionally used in the UK for 
sampling coarse and sandy sediments) and a 0.2m2 Van Veen grab (traditionally used by 
the German Marine Research Department). N.B. Sampling gear intended to be used by the 
Dutch monitoring programme was not available for the current survey.  
 
The results of this study are intended to inform the comparability and compatibility of the 
datasets generated by the collective monitoring programmes implemented by individual 
member states and to inform the development of monitoring options for sedimentary habitats 
more widely. 
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Null Hypothesis: 
Benthic communities and sediment characteristics of the Dogger Bank SCI do not change 
over time. 

 
Operational monitoring (Type 2): to determine pressureïstate relationships 
 
Having identified seabed abrasion (resulting from mobile demersal fishing activities) as the 
primary pressure of concern for this site, the second objective of the survey was to conduct a 
pressure gradient study to develop a better understanding of how the infaunal and epifaunal 
communities of the Dogger Bank respond to different levels of this pressure. This element of 
the survey is particularly important for the ongoing development of condition indicators for 
sandbank features and other shallow sedimentary habitats, and also for defining meaningful 
thresholds of pressure beyond which the impacts on the sandbank features and associated 
biological communities are considered unacceptable. 
 
As such, this element of the study is designed to improve our understanding of the 
relationship between seabed abrasion (attributed to demersal fishing activities) and the 
conservation status of benthic communities.  This was achieved through the collection of 
targeted measurements along an abrasion pressure gradient, derived using Vessel 
Monitoring System (VMS) data. Acquisition of multiple samples per pressure level, along the 
pressure gradient, will allow testing of a number of relevant indicators currently under 
development to determine their sensitivity to abrasion pressure. This operational element of 
monitoring is intended to complement the objectives of the investigative monitoring, 
conducted to determine rates of recovery following exclusion of fishing (outlined below), by 
indicating which metrics will be most effective in determining the resultant trend in biological 
communities towards favourable conservation status. 
 

Null Hypothesis: 
Benthic communities and sediment characteristics of the Dogger Bank SCI subject to 
varying levels of abrasion pressure do not differ. 

 
Investigative monitoring (Type 3): to determine the effectiveness of proposed 
management measures 
 
The introduction of fisheries management zones within the Dogger Bank SAC is intended to 
regulate fisheries activities within the site via management zones which exclude use of beam 
trawl, bottom/otter trawl, dredges and semi-pelagic trawls. The establishment of a pre-
closure dataset, with sufficient replication from similarly sized areas inside and outside of the 
management zones, is essential for testing the efficacy of the closures, and to provide 
evidence of causality in the relevant pressure/state relationships. 
 
As such, the primary survey objective was to collect a set of data to comprise the óBeforeô 
element of a óBefore-After-Control-Impactô (BACI) experimental design intended to monitor 
and assess changes in benthic communities in response to proposed fisheries closures 
within the UK Dogger Bank SCI. 
 

Null Hypothesis: 
At time zero(T0), benthic communities and sediment characteristics do not differ between 
control and impact stations located within/out with the proposed fishery management 
areas. 
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1.3.1 Selection of Candidate indicators 
 
A major challenge in the management of the marine environment is the need to identify a 
simple method of assessment and monitoring which captures the inherent complexity of the 
ecosystem (Hering et al 2006; Romnouts et al 2013). Indicators, defined as measurable 
ecological parameters which effectively measure change, are frequently used as a way to 
distinguish between a healthy and degraded ecosystem (Van Hoey et al 2010). Indicators 
can be ñdescriptiveò i.e. related to ecosystem structure (e.g. diversity, species composition, 
abundance) or ñfunctionalò, i.e. measure ecosystem activities (e.g. productivity, nutrient 
cycling and ecosystem metabolism) (Van Hoey et al 2010; OSPAR 2012). It is generally 
accepted that an individual biological indicator will provide an over simplified view of the 
environmental complexity of a marine ecosystem, and therefore a combination of indicators 
should be employed at a given site (Van Hoey et al 2010). This flexible approach to indicator 
selection has been adopted in the development and testing of candidate indicators to 
support assessment and monitoring of Good Environmental Status (GES), in relation to the 
benthic habitat component of the biodiversity descriptor, under the MSFD (Frost et al 2013; 
Burrows et al 2014; Haynes et al 2014; Fariñas-Franco 2014). In doing this, there is an 
acceptance that indicators taken forward under MSFD should, as far as possible, be 
compatible with those more feature specific indicators applied in the assessment and 
monitoring of habitats of conservation interest within MPAs, e.g. both European Marine Sites 
(EMS) and national MPAs. However, whilst in practice, the selection of both holistic and 
effective indicators as part of a comprehensive and statistically robust monitoring 
programme is notoriously difficult (Jenkins et al 2015), the use of appropriate and pressure 
specific indicators remains the basis for effectively detecting meaningful change attributable 
to human activities as part of the UK MBMP (Franco et al 2015). Therefore, the current study 
is intended to contribute to wider indicator development and operational testing to support 
implementation of the UK MBMP and also the specific assessment and monitoring of 
condition of the sandbank feature and associated sedimentary habitats within the Dogger 
Bank SCI. 
 
Strong links between chronic trawling activities and observed changes in benthic 
communities have been reported.  For example, Hinz et al (2009) found reduced infaunal 
abundances and species richness with increasing otter trawling activity at a Nephrops fishing 
ground in the Irish Sea. However, many of the traditional ñdescriptiveò univariate metrics, 
such as species richness, are not necessarily a good reflection of subtle infaunal community 
responses to physical abrasion pressure (Jenkins et al 2015; Murray et al, in prep). For 
example, the magnitude of their response can vary significantly according to the type of 
fishing gear used, the naturally prevailing environmental regime of the habitat studied and 
also between the different taxa observed to be associated with the given habitat (Collie et al 
2000). Multi-metric indices such as the Infaunal Quality Index (IQI) (Phillips et al 2014) which 
incorporates the AZTI Marine Biotic index (AMBI) (Borja et al 2000) have been favoured over 
individual metrics as they reflect both the structure and function of benthic macrofaunal 
assemblages. The IQI was originally developed to assess change in ecological status of soft 
sediment habitats, in the inshore and coastal marine environment in response to gradients in 
organic enrichment and sediment contamination, and has been adopted for use under the 
Water Framework Directive (WFD). The AMBI component within IQI, which is based on the 
characteristic response of species to gradients of organic enrichment as described by 
Pearson and Rosenberg (1978), assigns taxa to each of five ecological groups (based on 
their relative sensitivity to the pressure). AMBI, Simpsonôs evenness (1-ɚô) and taxon 
richness (S) are combined in the IQI to generate an Ecological Quality Ratio (EQR) ranging 
from 0-1 (Bad-High ecological status). The EQR value delineating the boundaries between 
each habitat condition (Bad-High) is shown in Table 2. 
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Table 2. EQR values delineating each ecological condition (from Phillips 2012). 

 
Boundary EQR 

Bad/Poor 0.24 

Poor/Moderate 0.44 

Moderate/Good 0.64 

Good/High 0.75 

 
The IQI and AMBI have been suggested as suitable tools for assessing disturbance of 
benthic communities in offshore waters under the MSFD (Harrald & Davies 2009). However, 
it was acknowledged that for effective, wider application, the indicators would need to be 
adapted: 1) for application in inshore and offshore, coarse sedimentary habitats and 2) to 
accommodate effective assessment and monitoring of the status of biological communities in 
response to alternative pressure categories (e.g. physical disturbance). As such, the IQI is 
currently under development to expand its application in coarse and mixed sedimentary 
habitats in both inshore and offshore waters, and also to allow it to be effectively applied in 
the monitoring of infaunal community status in response to a broader range of pressure 
types. However, as the modified tool was not available for use at the time of the current 
study, the version available (IQI (v4)) was applied for analyses.  
 
Currently, no single univariate metric or multi-metric, has proven to respond consistently 
across the full range of pressure-habitat combinations tested. As such, there remains a level 
of uncertainty around their efficacy for monitoring benthic biological community responses to 
abrasion pressure resulting from demersal fishing activity across the full range of both 
inshore and offshore sedimentary habitat features of interest.  In light of this, there is the 
need to explore more novel approaches for detecting changes in ecosystem components in 
relation to abrasion pressure. Biological traits analysis (BTA) has been suggested as one of 
the most appropriate methods to detect benthic community response to trawling disturbance 
(Bremner et al 2003; Tillin et al 2006; De Juan et al 2007, 2009; De Juan & Demestre 2012; 
Lambert et al 2014; Jenkins et al 2015). This approach looks beyond taxonomic identity, 
focussing on aspects of a speciesô life history, morphology and behaviour that determine 
their sensitivity/resilience to specific natural or anthropogenic pressures. 
 
Demersal trawling is known to affect benthic communities in different ways and this is 
hypothesised to be influenced by the predominant traits exhibited by their component taxa.  
For example, demersal trawling has been observed to result in: 
 
1. Removal of larger species from the surface and top layers of the sediment: 

Traits such as position in sediment (e.g. epifaunal or infaunal), size and, to a lesser 
extent, mobility (as even the most mobile species have been caught by beam trawlers, 
see van Marlen et al 2014) may indicate sensitivity to this element of the pressure. 
 

2. Damage of larger benthic species through capture and release: 
Traits that are hypothesised as potentially effective indicators of sensitivity to damage 
through physical abrasion include fragility, flexibility, body design (i.e. whether animals 
have limbs (Depestele et al 2014)), along with a number of additional physiological traits 
not previously considered, e.g. temperature change tolerance, exposure time in air, 
tissue damage results in physiological stress responses. 
 

3. Increase of food for mobile predators and scavengers: 
Traits such as feeding type, mobility and size may indicate whether recent trawling has 
taken place. Dead/damaged organisms or smaller species re-suspensed during trawling 
may result in a short-term (days/weeks) increase of opportunistic mobile predators and 
scavengers taking advantage of increase food availability (Groenewold & Fonds 2000). 
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When using BTA as an indicator of response to a given pressure, it is essential that traits 
which are sensitive to that pressure are selected. In the case of physical abrasion pressure 
traits such as body size (i.e. smaller individuals are less affected by direct effects of trawling 
and have greater power to reproduce quickly, possibly thriving in an area which has had 
larger predators removed), position in sediment, fragility (as an indicator of resilience) 
mobility (speed of migration into the area after trawling) have been identified as important. 
Epifauna, sampled using gear such as beam trawls, are thought to be the most effective 
component of the benthic community to assess the direct effects of fishing impacts as the 
spatial extent and communities sampled represent those most vulnerable to fishing (Collie et 
al 2000). 
 
Size-frequency based approaches have also been identified as part of the MSFD indicator 
development process, and specifically, a candidate indicator titled ñsize-frequency 
distribution of bivalves or other sensitive/indicator speciesò was proposed to measure the 
number and/or biomass of individuals per size class. The basis for the indicator is that 
benthic communities typically consist of a mixture of long-living and short-living species. The 
short-living species are usually small in size with low individual biomass, whilst long-lived 
species can reach much larger sizes, with higher individual biomass. Under natural 
conditions, populations of large species consist of different size-classes representing 
different age-groups. The natural balance between both a) the large and small species within 
the community and b) the large and small specimens within the population of a single 
species can be affected by anthropogenic influences such as physical disturbance, e.g. 
caused by bottom trawling or sediment extraction (Basset et al 2012; Hiddink et al 2006; 
Pearson & Rosenberg 1978; Tyler-Walters et al 2009). The proposed metric is a comparison 
of the current population structure with a (theoretical) natural population structure resulting in 
a value for the ñdegree of naturalnessò of the population structure. 
 
Large bivalves are of particular interest as candidate taxa for the development of size-
frequency based indicators as they can play a pivotal role in ecosystem functioning (Norkko 
et al 2013) but are known to generally suffer greater mortalities following a trawl event, 
compared to smaller species, as they are crushed by the path of the net or are caught in the 
net and subsequently discarded (Jennings et al 2001). It should be noted that bivalves are 
well known for having years of ógoodô spat fall and other years of poor recruitment which can 
make determining the size-frequency histogram for a particular geographical area, difficult. 
 
Through the testing of a number of candidate indicators, this study will contribute to the 
evidence base required to inform the further development and validation of indicators which 
are most appropriate for ongoing monitoring of the Annex I sandbank feature at the Dogger 
Bank SCI and also in relation to the assessment and monitoring of comparable sedimentary 
habitats present across the wider environment. 
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2 Sentinel monitoring of long-term trends in biological 
communities 

 

Null Hypothesis: 
Benthic communities and sediment characteristics of the Dogger Bank SCI do not change 
over time. 

 

2.1 Methods 
 

2.1.1 Survey design 
 
Data collected with a 0.1m2 Hamon grab, for the purposes of the Sentinel, Operational and 
Investigative monitoring objectives, were used to gain an understanding of sediment and 
infaunal benthic community characteristics and variability across the SCI. As this report aims 
to focus on a site/habitat scale, replicates were not collected at each station to mitigate the 
risk of spatial autocorrelation and pseudoreplication. These data could, in the future, inform 
wider scale Sentinel monitoring across a fully representative range of sand and coarse 
sediment habitat types at the UK scale. This would allow potential changes attributable to 
human pressures to be better understood within the context of natural variability over larger 
spatial and temporal scales. 
 
Seventeen historical sampling stations, previously surveyed by a number of institutes, 
namely Senckenberg Research Institute and Senckenberg Natural History Museum (Wieking 
& Kröncke 2001) and JNCC (Cefas 2008), were selected for sampling with both a 0.1m2 
Hamon grab and a 0.2m2 Van Veen grab (Figure 5). In addition, ten stations within the 
Operational Monitoring Survey cell 0a were also sampled using both gear types (the number 
of stations being dictated largely by time constraints). Underlying seabed habitat maps 
indicated that the seabed sediments within cell 0a comprised a relatively uniform area of 
subtidal sand containing a small, uniform patch of coarse sediment. This area of seabed was 
selected intentionally to allow assessment of both the effectiveness of different sampling 
gears (to acquire a valid sample in different sediment habitats) and also to explore and 
compare the effect of different sampling gears on the metrics derived from the infaunal 
abundance and biomass data they generate.  
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Figure 5. Stations selected for the spatial variability (includes all samples taken in 2014 using a a 
0.1m

2
 Hamon grab) (top) and data comparison study using a 0.1m

2
 Hamon grab and a 0.2m

2
 Van 

Veen (bottom). 
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