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Executive summary
The scallop sector is one of the highest value commercial fisheries in the UK and supports a highly
productive catch sector and processor businesses (Cappell et al. 2018). Yet, management of the UK scallop
fisheries lagged other fisheries in the UK and at present the UK scallop fishery would not meet the
sustainability standards such as those set out by the Marine Stewardship Council (MSC). Efforts are being
made by the fishery to move towards a more sustainable fishing practice and towards net zero. Technical
gear modifications are one of several management measures and industry actions that can be taken to
reduce impacts on target stocks and the environment, while maintaining an acceptable level of commercial
viability for the fishery.
The LISIG project is an industry-science collaboration project working towards an economically viable gear
innovation that aims to reduce environmental impacts associated with the spring-toothed Newhaven
dredge (aka standard dredge) that is commonly used by the UK scallop fishery to catch king scallops (Pecten
maximus). The proposed modification involves adding ‘skids’ to the bottom of the belly bag to lift the belly
bag off the ground and thus reduce the contact and drag of the belly bag with the seabed. Data on the
retained catch and bycatch, catch selectivity and damage, seabed fauna damage, fuel consumption and
gear wear were collected during scientific field trials and commercial practice with fishermen to assess the
environmental impact and commercial viability of the modified skid dredge relative to the standard dredge.
The innovation supports the UK's move towards sustainable fisheries and responds to the industry's everincreasing need for sustainably sourced seafood.
The project was split into 5 work packages (WPs) with the following objectives:
• WP1 – Development of the modified skid dredge
• WP2 - Comparison of the catch yield for marketable and undersize scallops, bycatch species
and stones, scallop size selectivity and scallop damage between the skid and standard dredge
in different ground types in Scottish and Welsh waters.
• WP3 - Comparison of fuel usage and efficiency in terms of fuel consumption rate (litres / hour
of fishing) and fuel burned per 10 kg of scallop meat landed (litres / 10 kg scallops landed)
between the skid and standard dredge
• WP4 – Comparison of the degree of physical damage to fauna that are not caught but remain
on the seabed in dredge tracks between the two dredges
• WP5 – Investigation of the economic feasibility of the skid dredge measured as a function of
the profitability of fishing with the skid dredge gear once the initial cost of buying the gear, the
associated maintenance costs, fuel costs and revenue from landings are taken into account.
Project findings and recommendations for future work in terms of further gear development and / or
additional data collection are summarized below.
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Skid dredge catches relative to standard dredge catches
Site variability
(more or less are given only for when the difference between the two
dredge types are significant, ns implies no significant differences between
the 2 dredges, = implies no differences in scallop damage rates)

Wales

Scotland

W_CB

W_NEA

MF_A

MF_B

more

ns

more

ns

more

ns

ns

less

Above MLS

more 120 –
140 mm

ns

more 105 – 110
mm

ns

Below MLS

ns

more 95 –
110 mm

more 95 – 105
mm

ns

=

=

=

=

(> 90% of catch
spider crabs)

ns

more crabs, flatfish,
starfish

ns

ns

more stone

Marketable scallops catch
(kg/ha)
(above MLS)

Undersized scallops catch (kg/ha)
(below MLS)

Scallop size
selectivity
Minimum landing
size (MLS) in
Scotland 105 mm,
in Wales 110 mm

Damage to scallop catch
Bycatch biomass (kg/ha)
Stones & debris (kg/ha)

more

less rays & skates

more debris

ns

Conclusions
• Catches of marketable king scallop (Pecten maximus above the minimum landing size, MLS)
were on average 15% higher in skid dredge than in standard dredge at two of the four sites
studied
• Catches of undersized scallops, bycatch, stones and debris were more variable among sites,
with ground type, quantity and size of stones potentially playing a role in this
• The recoded damage levels of scallops in the catch were very low and did not differ
significantly between the two dredge types
• The impact on organisms caught as bycatch in the dredges and their survivability is speciesspecific
Recommendations for further gear development
• Although lifting the belly bag off the seabed might increase riddling of organisms smaller than
the size of the belly rings, reductions of undersized scallops might be best achieved by using
alternative dredge teeth such as N-Virodredge or by increasing the spacing between the
dredge teeth or the size of the belly rings (evidence provided in Lart et al. 2003). Issues related
with the durability of larger rings will need to be addressed.
• Additional innovation in gear design such as addition of artificial lights on the tow bar and/or
chain bridles to reduce bycatch of highly mobile species such as flatfish, rays and skates should
be considered and tested.
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Recommendations for further data collection
• Further gear comparison trials to study how gear performance differs with seabed rugosity and
topography and sea state are recommended to strengthen the evidence base for commercial
viability of the skid dredge.
• Bycatch survival rates are generally poorly quantified for scallop dredging and future work to
fill this knowledge gap is recommended.

Damage to seabed organisms
Mixed sediment

Soft sediment

Conclusions
• Initial results indicate a higher proportion of the seabed fauna experience more damage in
standard dredge tracks relative to skid dredge tracks
• Organism damage was more severe in soft than mixed sediments for both gears as the gear is
expected to penetrate more in the sediment.
• Asteroids (e.g Asterias rubens, Astropecten irregularis, Crassoster papposus) and gastropods
(e.g Buccinum undatum) were more resistant, whereas echinoids (e.g. Echinocardium
cordatum) and crabs (e.g. Liocarcinus depurator) experienced the highest fishing-induced
damage. Ultimately, the degree of environmental damage to seabed communities will be
dictated by species composition which determines how quickly species populations recover
after the fishing disturbance.
Recommendations for further data collection
• Skid dredges result in a lower gear footprint on the seabed as the contact area of the belly bag
is reduced from 9265 cm2 to 600 cm2, however further work to study the gear footprint and
seabed impact for different belly bag fullness (i.e. gear penetration in the seabed) and tow
length is recommended
• collection of further evidence to study mortality and damage in sites with different community
composition is recommended. A cost-effective technique would be to use remote operated
vehicle or a towed benthic sledge equipped with high resolution video camera.
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Fuel consumption (mean values are presented)
Fuel usage

Fuel efficiency

[Fuel burned per hour of fishing
(ltrs/hr)]

[Fuel burned per 10kg of
scallop meat landed (ltrs/10
kg meat)]

Skid vs. standard dredge
(towards the end of fishing season,
March & April in Cardigan Bay waters)

Skid: 32.46
Standard: 31.06

Skid: 44.63
Standard: 33.54

Start vs. end of fishing season
(dredging at start (Nov, Dec) vs. end of
season (March, April) with skid dredges
in Cardigan Bay waters)

Start: 32.74
End: 32.46

Start: 15.03
End: 44.63

Dredging at different sites
(fishing with skid dredges in Cardigan
Bay vs. Isle of Man waters towards the
end of the fishing season, April - May)

CB: 32.46
IoM: 29.77

CB: 44.63
IoM: 20.03

Conclusions
• Fuel usage (ltrs/hr) did not differ significantly between the skid and standard dredges but
increased with size of tide and was higher in rougher sea conditions. The increased weight
appears to be offset by a reduction in drag as the dredge travels over the seabed
• Fuel usage (ltrs/hr) did not differ significantly between different sites and between start and
end of fishing season for the skid dredges.
• Scallop landings are determined by gear catch efficiency, but also by the number and size of
scallops on the ground. The environmental impact in terms of fuel efficiency (ltrs / 10kg meat
landed) is significantly higher towards the end of the fishing season than at the start of the
season when scallop population abundance on the ground is lower or composed of smaller
individuals (i.e. lower meat yield per individual).
Recommendation for further gear development
• A future gear improvement to provide fuel savings and reduced CO2 emissions is to look at
lighter weight materials. The cost of such materials, however, may make these options
commercially non-viable. A more cost-effective solution to reduce drag would be to attach
floatation foam to add buoyancy to the gear
Recommendation for further data collection
• collect monthly fuel usage data throughout the fishing season, in different ground types and
using different vessel sizes (i.e. engine power) to allow more accurate estimation of fuel
consumption.
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Operation and wear

Wear on belly
bags
(Images show
belly bag wear
after 20 hours
of fishing)

Less

Belly bag on skid dredge: no wear
observed on belly bag

Skid wear

Ease of
operation
when fishing

Belly bag on standard dredge:
shiny metal on belly side
indicating wear where the
steel has been in direct
contact with the seabed

removable
skid soles
lasted for
377 ± 68
hours in
Cardigan
Bay
fishing
New skid frame and skid soles
ground
=

Skid soles at the end of their
lifetime
No difference in ease of operation of the skid and standard dredge
was observed on vessel using automatic tipping doors to empty the
catch on deck

Conclusions
• Initial observations indicated that the addition of skids reduces belly bag wear and almost
doubles belly bag life (but this is expected to differ for different ground types)
• Use of skids under business-as-usual conditions in Cardigan Bay fishing ground (composed
of a mixture of coarse sand, gravel, pebbles and cobbles) suggested that skid soles last for
377 ± 68 hours of fishing before needing replacement. The skid soles are bolted on to the
skid frame to facilitate replacement of the soles without having to change the entire skid
frame.
Recommendations for further data collection
• Collection of further evidence on gear wear in different types of grounds is recommended
to model wear and maintenance costs more accurately.
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Economic feasibility assessment

Trip level financial assessment of the gear was used to scale up the longer-term financial impacts
(such as annual financial gains or losses) from using the skid gear for hypothetical ‘modelled’
scenarios. Given that ground type, time of the year and gear type influence fuel consumption and
landings, profit margins were calculated separately for each of the three scenarios:
(A) the skid gear relative to the standard gear,
(B) the skid gear at the start and end of the fishing season, and
(C) the skid gear in different fishing grounds.
The profitability of fishing was calculated by subtracting fuel and gear costs from the value of
landings:
fishing profit = Mean value of landings – costs (fuel use + gear set-up + gear replacement)

Skid vs. standard dredge
Conclusions
• Skid dredges were more profitable than the standard dredge when catches of marketable
scallops are higher than that of the standard dredge, and because of reduced belly bag
replacement costs, rather than because of reduced fuel consumptions.
• Reducing the manufacturing cost of skids (e.g. if ordered in bulk by several fishers) or
increasing the durability of skids could reduce skid maintenance costs and potential
increase profit margins
Recommendation for further data collection
• Profitability is likely to vary with ground type and seastate conditions. It is therefore
advisable to undertake further field trials to determine how gear wear, fuel use and
dredge catch efficiency change under different conditions between the two gear types.

Start vs. End of season and different ground types (CB vs IoM)
Conclusions
• important temporal differences in revenue projections, with the start of the season
showing considerably higher profitability than the end of the season
• important spatial differences in profitability as highlighted with the difference between
the fishing profit between the IOM scallop grounds and the Cardigan Bay grounds
example.
Recommendation for further data collection
• To take advantage from the increased scallop numbers following a period of fishery
9

closure, effort will need to be monitored so that it is not exceeding returns in catch.
Fishing past a breakeven point implies that increased effort would no longer reap profits
for the fishery. It would be beneficial to collect high-resolution (bi-weekly) data on profit
margins across the year to look at how and to what extent profits decrease as grounds
become increasingly fished. This requires more detailed data on temporal patterns in
catch per unit effort (CPUE) as well as fixed versus variable costs associated with the
different months when the fishery is open.

Management considerations
Technical gear modifications are one of several management measures and industry actions that can be
taken to reduce impacts on target stocks and the environment. This project has shown that skid dredges
are a step forward in the evolution of lower impact scallop dredges. However, unless these are part of an
effective fisheries management system, any improvement in catch efficiency or environmental impact
from the modified gear will not necessarily lead to a reduction in the overall impact. In the absence of
appropriate fisheries management measures that promote economic and harvesting efficiency, fishing
becomes a frantic overcapitalized race for fish. The sessile nature of scallops makes them more
vulnerable to overfishing and can result in significant decreases in catch efficiency and profitability for the
industry. Input controls (such as licensing and effort management through marine protected areas,
rotational area closures or temporary closures, Territorial User Rights Fisheries - TURFs) and output
controls (such as quota) are part of a suite of management tools. None can be expected to be effective if
they are applied in isolation without a comprehensive management framework. The skid dredge
generally shows higher catch efficiency for marketable scallops, therefore if used under a quota-based
system there may be environmental benefits to using the skid dredge, as a reduced level of effort would
be required to catch the quota (McConnaughey et al. 2019).
The current variety and complexity of dredge gear specifications across UK devolved administrations
creates an overly complicated scene where gear innovation technology to create gear that is less intrusive
and therefore less damaging to the benthos is disincentivized. A simplification and harmonisation of
technical regulations on scallop gear used across the UK’s devolved administrations would go a long way to
avoid confusion and constraints on gear innovation linked to improving stock status and/or minimising
environmental footprint.
Scallop fisheries management has generally lagged behind other fisheries in the UK and industry reputation
continues to be affected by environmental impacts and ethical responsibility issues. Leaving the Common
Fisheries Policy allows a re-prioritization of fisheries management, the 2018 Fisheries White Paper and the
Fisheries Act 2020 show the UK’s commitment to develop effective methods for sustainable management
of non-quota stocks.
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1

General introduction

Wild capture scallop fisheries contributed 811,000 tonnes to global fisheries landings in 2019 (FAO 2021),
of which 26,000 tonnes with a value of £60 million were landed in the UK alone (MMO 2020). Many of
these fisheries use towed dredges that are designed to have direct physical contact with the seabed and
have been reported to significantly alter seabed faunal communities (Hiddink et al. 2017, Sciberras et al.
2018), community production, trophic structure and function (Tillin et al. 2006, Sciberras et al. 2016,
Epstein et al. 2021). The UK king scallop (Pecten maximus) industry uses spring toothed (or ‘Newhaven’)
dredge, the design of which is regulated by the relevant jurisdictions across the country. A typical ‘gang’ of
Newhaven dredges is made up of a heavy steel tow bar to which spring-loaded toothed dredges, generally
each carrying 8-9 teeth, and a steel collector bag comprising of a belly section made up of interlocking
metal rings are attached (Figure 1.1). Despite the fact that dredge teeth have significant impact on the
biota as they dig in the seabed (Szostek et al. 2017), the contact of the steel belly bags with the seabed also
has a large negative impact on sediment suspension and benthic fauna (Hinz et al. 2012). The effect on the
seabed and organisms present typically increase with the length of the tow as the build-up of catch and
stones can substantially increase the weight of the bag to between 16 – 78 kg (Lart et al. 2021). Gear
modifications that reduce the surface contact between the fishing gear and the seabed could potentially
reduce the environmental effects associated with the use of scallop dredges. Reduction of physical contact
of components of fishing gear with the seabed has been used in other fisheries such as the introduction of
the pulse trawl which replaces tickler chains by lighter electrodes in beam trawl fisheries, the use of semipelagic doors in otter trawl fisheries and the addition of cookie cutter disks to sweeps on demersal otter
trawls (e.g. Suuronen et al. 2012).

Figure 1.1. Spring-toothed Newhaven dredge used to catch king scallop, Pecten maximus, in the UK (left).
Gangs of several dredges are towed behind towing bars propped on rubber wheels at the end of the bars
(right). Images taken from Lart et al. 2003.
In recent years a number of alternative scallop dredge designs have been tested in the UK, involving
modifications either to the dredge teeth (Hydrodredge (Shephard et al. 2009), N-Virodredge (Stewart and
Howarth 2016)) or the collector bag (Oban dredge (Catharall and Kaiser 2014)). These have given mixed
results as to catch efficiency and selectivity, reduction in bycatch, gear durability and maintenance
(Appendix A). Several other prototypes replacing dredge teeth by rotating cylinders (Magnus effect
dredge), a hydrofoil and water jets (hydraulic dredge) have been described - for a more comprehensive
review of alternative measures that minimize mortality of unwanted catch in UK king scallop fisheries the
reader is referred to Lart et al. 2003, 2021. None of these alternative designs have been taken to market
primarily due to low catch efficiency or inconsistency in catch performance or practicality and none have
been rigorously tested for their environmental impact on benthic fauna.
11

The LISIG project is a gear innovation project aimed at improving the environmental performance of the
scallop dredge gear, while maintaining the profitability of the fishery through sustained or improved
catches, and reduced maintenance costs of the dredge. The proposed modification involves adding ‘skids’
to the bottom of the belly bag to lift the belly bag off the ground and thus reduce the contact of the belly
bag with the seabed. Evidence of the environmental and economic benefits of the LISIG gear (skid dredge)
were collected during scientific field trials and commercial practice with fishermen. The data collected
assessed:
• Scallop catch and selectivity (WP2),
• Fauna by-catch composition and stone (WP2),
• Fuel consumption (WP3)
• Damage on fauna on the seabed (WP4)
• Economic feasibility (taking into account gear wear, cost of replacement, fuel and profits from
scallop landings) (WP5)
between the LISIG gear and the standard Newhaven dredge. The innovation supports the UK's move
towards sustainable fisheries and responds to the industry's ever-increasing need for sustainably sourced
seafood.
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2

WP1 – LISIG skid dredge design

The LISIG skid dredge builds on a prototype collector bag design developed through previous feasibility
project by Bangor University and in consultation with the fishing industry (FCF Project FE254, Cyclone
Marine Ltd 2011, 2012). The prototype design consisted of two sets of supporting skids, one set 28 cm long
by 7.5 cm wide, the other 30 cm long by 7.5 cm wide (Figure 2.1a). Durability and wearability were a major
concern with the prototype design. The new LISIG design consists of a skid frame (57 cm W x 59 cm L) with
a pair of skids made (40 cm long by 7.5 cm wide) of harder wearing steel (Figure 2.1b, c). The skid frame is
attached to the rear end of the belly bag and reaches halfway up the belly bag (Figure 2.1d). Preliminary
tests with the prototype dredge showed that the dredge functions equally well without skids towards the
front of the bag. This was maintained in this design to maintain the weight of the dredge, the area of
seabed contact and the costs of manufacturing as low as possible.

(b)

(a)

(c)

57 cm (20 mm solid bar)

7.5 cm

(d)

40 cm

59
cm
30.5 cm

Figure 2.1. (a) Original prototype scallop collector bag with metal skids developed under FCF Project FE254,
showing two sets of metal skids, one 28 cm long by 7.5 cm, the other 30 cm long by 7.5 cm wide, (b) the
13

LISIG modified belly bag, (c) design of the skid modification – dimensions provided are for a 7 x 9 row 85
mm (internal diameter) belly bag with 7 row back, (d) skid is shackled onto the back end of the belly bag
(i.e. furthest away from the mouth of the dredge).

2.1 Skid gear specifications
1. Reduced seabed contact: The skids lift the bag about 10 – 11 cm off the seabed (Figure 2.2). The
height of the skids is restricted by length of dredge teeth. The use of the skid dredge under
standard commercial practice and on-board vessels that utilize tipping doors to flip the dredges
upside down to empty the catch showed that the skids do not present any hazards to personnel
handling them or increase handling time.
2. Composition of material: The skid is made of two components
• a skid frame that is made of mild steel (S235 steel, S275 steel)
• a pair of skid soles that are made of harder wearing steel (BS3100 BW10 – mild steel S355
JO+AR with 10 – 13% Manganese, heat treated and quenched in water to harden). Total
weight of skids = 27 kg
3. Ease of operation and maintenance: The dredge has been shown to perform better when the skids
are attached by D-shackles onto the belly rings than when skids are welded onto the belly bag. This
gives fishermen the flexibility of adapting their gear depending on the ground type. The sole of skid
is bolted on to the frame so that as the soles wear away, the fishermen will only have to replace
the soles and not the entire frame (Figure 2.2).

Skid frame
11 cm

Skid sole

2 cm

Figure 2.2. (a) The skid is shackled onto the belly bag rather than welded on and (b) lifts the bag by about
10 – 11 cm off the seabed. (c) Skid soles are bolted on to the skid frame for reduced cost of replacement
once worn.
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2.2 Future improvements
Results from fuel consumption comparisons between the skid and standard dredges indicate no differences
in fuel usage (litres of fuel burned per hours of fishing, ltrs/hr). The fact that the addition of skids that
increases the overall weight of the gear (each skid 27 kg, therefore for a 7-aside a total of 378 kg) does not
increase fuel consumption when the gear is towed at similar speed, suggest that the skids seem to reduce
the drag as the dredge travels over the seabed. Reducing fuel consumption would provide both fuel savings
for the industry and benefits to the environment from reduced CO2 emissions. Going forward, a number of
options could be considered to reduce further the gear drag with the seabed:
•

Use different materials in dredge construction to result in lighter belly bags or skids
This is no small feat as the harsh operating conditions in the dredge fishery, most notably the
severe abrasion which the dredges are subjected to when towed across the seabed, limit the type
of material that can be used to replace steel. A review by Abrams (2009) comparing the properties
of various possible polymer materials for use in dredge construction to replace standard carbon
steel and hardened and tempered carbon steel, found that polymer material such as HDPE, ABS
and polycarbonate have much lower hardness and tensile strength than steel, and in this respect
are no comparison (Table 2.1). Composites are stronger than polymers but still not comparable to
steel (Figure 2.3). Technical ceramics such as Ni alloys have comparable strength to steel but the
cost of this material is likely to be astronomically high and hence a non-commercially viable option
for the fishery (Figure 2.3).
In a standard setting the ‘top-sheet’ for the belly bag typically consists of a section composed of
steel rings and another of nylon mesh. One possible solution to reduce belly bag weight, is to make
the entire ‘top-sheet’ of nylon mesh. However, observation by fishers indicate that when the entire
‘top-sheet’ is replaced with nylon mesh the dredges catch more debris such as algae and broken
shell. It appears thus that as the dredges are pulled across the seabed the tension stretches the
nylon mesh (i.e. decreased mesh size) reducing riddling of debris. Using a material that does not
deform at the dredge is pulled forwards appears to be key. During this project we carried
preliminary observations using a geogrid material to replace the nylon and chain mail in the ‘topsheet’ (Figure 2.4). The geogrid material is a geosynthetic material commonly used to reinforce
retaining walls, as well as sub-bases below roads, working platforms and reinforced foundation.
The geogrid material was supplied by https://www.tensar.co.uk/. The geogrid was cable-tied to the
‘turn-up’ rings and using during normal fishing practice. The material was observed to stretch and
deform easily round the edges where the geogrid is connected to the chain mail with cable ties
(Figure 2.4), hence it was not deemed as a practical replacement for the nylon mesh and rings.
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Table 2.1. Mechanical properties of two types of steel most used by the industry for construction of scallop
dredges in the UK and those of various polymers. UTS = ultimate tensile strength. The Brinell hardness scale
is a description of the resistance a material exhibits to permanent deformation by penetration of another
harder material (from Abrams, 2009).
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Figure 2.3. Material property chart comparing material strength between different materials (top) and the
relative cost for these materials (bottom). Chart source:
https://www.grantadesign.com/education/students/charts/
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Figure 2.4. Geogrid material used to replace the ‘top-sheet’ made of chain mail and nylon mesh. Geogrid
mesh cable-tied to ‘turn-up’ rings of bottom half of belly bag (left), geogrid wear after 20 hours of fishing
(right).
•

Increase gear buoyancy to reduce drag on seabed (Figure 2.5)
The addition of buoyancy to reduce drag and friction with the seabed is worth exploring as this
could be a cost-effective solution to reduce fuel consumption and environmental impact. If drag is
reduced, then changes in operation mode by the fishers such as reducing towing speed (currently
around 2.7 knots) could result in fuel savings and lower CO2 emissions. Composite foam buoyancy
systems
are
one
example.
A
number
of
suppliers
in
the
UK
(e.g.
https://www.balmoraloffshore.com) offer bespoke material which can be cast using dedicated
mould tooling. The material would have to be rated for specific operating depths to result in a
strong, lightweight composite formulation.

Figure 2.5. Examples of different buoyancy floats. Images thanks to Simon Marr, Heriot-Watt University
(left) and Balmoral Solutions https://www.balmoraloffshore.com/solutions/buoyancy/rov-auv-buoyancy
(right)
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3

WP2 – Comparison of catch between LISIG and standard dredge

3.1 Objective
Assessment of the catch and bycatch retention of the LISIG gear relative to the standard Newhaven dredge.

3.2 Methods
3.2.1

Survey location and vessel characteristics

Two scallop dredging experiments were carried out within two scallop fishing grounds: one in Welsh waters
between 15 – 21 April 2021 on board the MFV Harmoni, the other in Scottish waters between 22 – 29 June
2021 on board the MFV Evening Star (Table 3.1). At each location fishing was carried out in two areas with
different ground hardness. In Wales fishing trials were performed outside of the 12 nm limit in Cardigan
Bay (W_CB) and along the Northeast coast of Anglesey (W_NEA), in Scotland trials were carried out in the
Moray Firth (MF_A, MF_B) (Figure 3.1).
Table 3.1. Scallop dredge vessel and scallop dredge characteristics used in the experiment, and regionally
relevant legislation.
MFV Harmoni M147

MFV Evening Star PD1022

14.9

21.34

41.77 (120 tonnes)

160

214

466

7

8

Dredge width (cm)

85

76.2

Belly rings (internal diameter, mm)

85*

75

Teeth

8 teeth, max length 110 mm

9 teeth, max length 122 mm

Top sheet

Net with mesh size 100 mm

Net with mesh size 100 mm#

The Scallop Fishing (Wales)

The Regulation of Scallop

(No.2) Order 2010

Fishing (Scotland) Order 2017

Length of vessel (m)
Gross registered tonnage
Engine power (kW)
Number of dredges per
side

Relevant legislation

*Belly rings replaced with 92 mm rings on one of the 7 dredges.
#

Top sheet replaced with geogrid with 75 mm internal diameter on one of the dredges.
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Figure 3.1. Location of the fishing grounds where fishing trials comparing the standard and LISIG dredge
took place. Fishing trials took place in Scottish waters in two areas within the Moray Firth (Moray Firth A,
Moray Firth B) and in two areas in Welsh waters (Northeast Anglesey, Cardigan Bay). Sixteen (fifteen in
Moray Firth A) 30-minute replicate tows were carried out within each area (inset).
3.2.2

Experimental design

The experiment adopted a paired tow design, whereby the ‘standard’ dredge was towed on the starboard
side of the vessel and the ‘skid’ dredge towed on the port side of the vessel (Figure 3.2). This design was
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adopted to avoid introducing confounding effects in the data due to variation in sea-state and tidal
conditions, towing speed and warp length between different tows and different survey days. To avoid
entanglement of the gear when fishing on the seabed, fishers typically paid out more cable (ca. 5 m) on one
side than the other. The longest side is reported to fish more than the short side. To minimize bias and
errors in catch data associated with warp length, cable length was alternated between port and starboard
between successive hauls. Fishing was undertaken in line with regional legislation (Table 3.1).

Figure 3.2. Paired tow design fishing with skid and standard dredges simultaneously to avoid introducing
bias in catch data due to variable sea state conditions, towing speed and warp length between successive
tows. Only 4 dredges aside are shown in the figure for ease of depiction – actual number of dredges are
given in Table 3.1. Warp length was alternated between tows to minimize bias.
In Wales, the vessel towed 7 dredges aside (i.e. 7 skid dredges vs. 7 standard dredges), and belly bags were
made of a bottom sheet made of chain mail with 85 mm (internal diameter) steel rings and a top sheet
made of chain mail and nylon mesh. Belly ring size has been reported to influence catch selectivity (Lart et
al. 2003, Foucher et al. 2019), we have thus replaced one of the 7 dredges with 92 mm (internal diameter)
steel rings. In Scotland, the vessel towed 8 dredges aside (i.e. 8 skid dredges vs. 8 standard dredges), and
belly bags were made of a bottom sheet made of chain mail with 76.2 mm (internal diameter) steel rings
and a top sheet made of chain mail and nylon mesh. To reduce the overall weight of the belly bag, the
chain mail and nylon mesh on the top sheet was replaced by a geogrid material (square mesh with 75 mm
internal diameter) (Figure 3.2).
We performed 16 replicate tows on each ground type, with the exception of Moray Firth B (15 tows). Tows
were ~ 30 minutes duration at a mean speed of 2.7 knots (Table 3.2). Start and end positions of each tow
were recorded using GPS at the point when the gear reached the seabed to the point the winches started
to retrieve the gear. The catch was emptied onto the conveyor belts and moved below decks for sorting.
The catches from the standard and skid dredges (and the dredge modified with geogrid and 92 mm belly
rings) were kept separate and the catch was split into scallops, bycatch species, stones and other debris.
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A subsample of 90 scallops from each tow were measured for length frequency analysis and scored for shell
damage following Jenkins et al. (2001). Shell damaged was classified as: 4 when the scallop appeared dead
or shell crushed, 3 when the shell had large cracks or the hinge was broken, 2 when the edge of the shell
appeared chipped, and 1 for no damage. The number and weight of scallops above and below the
maximum landing size (> MLS and < MLS, respectively) was determined for each tow. MLS for scallops is
110 mm and 105 mm shell height in Welsh and Scottish waters, respectively. All bycatch was identified to
the lowest possible taxonomic level, weighed, and counted. The weight of stones and other debris
(predominantly shell material) was recorded to the nearest gram.
Table 3.2. Scallop dredge tow characteristics at each of the four study areas, showing mean ± SE tow length
and water depth
Survey

Area

Number of

Towing speed

Tow length

Depth

hauls

range (knots)

(nm)

(fathoms)

W_CB

16

2.8 – 2.9

1.5 ± 0.07

36.03 ± 2.21

W_NEA

16

2.7 – 2.8

1.55 ± 0.13

44.68 ± 2.32

MF_A

16

2.6 – 2.7

1.42 ± 0.16

39.81 ± 6.13

MF_B

15

2.6 – 2.7

1.48 ± 0.05

47.31 ± 3.64

Wales

Scotland
(W_CB: Cardigan Bay, W_NEA: Northeast Anglesey, MF_A: Moray Firth area A, MF_B: Moray Firth area B)

3.2.3 Statistical analyses
All statistical analyses were conducted using ‘R’ (Version 4.1.2). The data from the two surveys (Scotland
and Wales) were analyzed separately due to differences between vessels and fishing operation.
Analysis of environmental characteristics of sampling areas
A principle component analysis (PCA) of the four survey areas was undertaken in R, using the ‘stats’ and
‘biplot’ packages, to investigate the difference in environmental characteristics between the areas within
the different surveys. The following environmental variables were included: water depth, the amount
(WPUA) of debris and stones landed, seastate and tidal speed.
Comparison of scallop catch per unit effort
Scallop data was separated into below minimum landing size (MLS; 105mm in Scotland and 110mm in
Wales) and marketable scallops (above MLS). The biomass data per tow was standardized to wet weight
per unit area (WPUA), using weight (kg) per swept area (ha). The analysis was also performed for number of
scallops caught, as there was a strong correlation between biomass and numbers (Appendix B - Figure B1)
only biomass results are presented here for brevity. The WPUA for the skid dredge was divided by the
WPUA for the standard dredge, for each paired tow, to create a relative response ratio, lnRR. Tows with
zero scallops caught in either the skid or the standard dredge were removed.
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𝑊𝑃𝑈𝐴 𝑠𝑘𝑖𝑑

𝑙𝑛𝑅𝑅 = 𝑙𝑛 (𝑊𝑃𝑈𝐴 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑)

The lnRR quantifies the relative change in WPUA due to the modifications to the dredge, for each skid
dredge tow relative to the ‘paired’ standard dredge tow. Positive lnRR values indicate higher WPUA in skid
dredges compared to standard dredges, negative lnRR values indicate lower WPUA in skid dredges.
Generalized linear models (GLMs) were used to assess whether environmental or gear parameters
influenced the relative WPUA (lnRR) of scallops. Initially global models were fitted as Gaussian distributed
GLMs, which incorporated all the potential modifier variables that could affect the catch:
(i) Ground type. The amount (kg) of debris (WPUA of debris) and stones (WPUA of stones) landed were
used as an indicator of the ground type at each tow location. For each tow, we calculated the
standardized mean WPUA (kg ha-1) (average of weight of stones collected by skid and standard
dredges) and used this value in the GLM model to describe ground type for each haul
(ii) Sea state. This was included as it can affect fishing efficiency (Lart et al. 2003) and was determined
from wind speed and wave height observations made by the skippers of the vessels
(iii) Tooth length of the dredges was measured by the skippers before each tow. Tooth length of the
dredges can affect the catch efficiency over different ground types (pers. comm. M Roberts & G
Buchan)
(iv) Tidal speed at seabed was provided by the skipper
(v) Warp length (short or long). This factor was included in the model to determine whether scallop catch
by the two gears was influenced by the amount of cable paid out.
(vi) Depth: the water depth (m) in which the fishing operation took place
(vii) Area: to compare the two areas surveyed in Welsh (W_CB vs. W_NEA) and Scottish (MF_A vs. MF_B)
waters.
Tooth length and tidal speed at seabed were not measured during survey in Wales, hence it was not
possible to include these variables in the model for the Welsh data.
The parameters 𝛽0 − 𝛽𝑛 were estimated and the unexplained variation in the model was represented by 𝜀.
Available environmental variables differed for the two surveys.
i)
Scotland:
𝑙𝑛𝑅𝑅 = 𝛽0 + 𝛽1 × 𝑑𝑒𝑝𝑡ℎ + 𝛽2 × 𝑊𝑃𝑈𝐴 𝑜𝑓 𝑑𝑒𝑏𝑟𝑖𝑠 + 𝛽3 × 𝑊𝑃𝑈𝐴 𝑜𝑓 𝑠𝑡𝑜𝑛𝑒𝑠
+ 𝛽4 × 𝑠𝑒𝑎𝑠𝑡𝑎𝑡𝑒 + + 𝛽5 × 𝑡𝑜𝑜𝑡ℎ𝑙𝑒𝑛𝑔𝑡ℎ + 𝛽6 × 𝑡𝑖𝑑𝑎𝑙 𝑠𝑝𝑒𝑒𝑑 𝑎𝑡 𝑠𝑒𝑎𝑏𝑒𝑑
+ 𝛽7 × 𝑎𝑟𝑒𝑎 + 𝛽8 × 𝑤𝑎𝑟𝑝 𝑙𝑒𝑛𝑔𝑡ℎ + 𝜀
ii)

Wales:
𝑙𝑛𝑅𝑅 = 𝛽0 + 𝛽1 × 𝑑𝑒𝑝𝑡ℎ + 𝛽2 × 𝑊𝑃𝑈𝐴 𝑜𝑓 𝑑𝑒𝑏𝑟𝑖𝑠 + 𝛽3 × 𝑊𝑃𝑈𝐴 𝑜𝑓 𝑠𝑡𝑜𝑛𝑒𝑠
+ 𝛽4 × 𝑠𝑒𝑎𝑠𝑡𝑎𝑡𝑒 + 𝛽5 × 𝑎𝑟𝑒𝑎 + 𝛽6 × 𝑤𝑎𝑟𝑝 𝑙𝑒𝑛𝑔𝑡ℎ + 𝜀

All combinations of the explanatory variables were tested and compared, before being ranked by the
Akaike Information Criterion (AIC). The best ranked model, and all models within 2 AICc values, were
selected. Using the R packages ‘arm’ and ‘MuMIn’, each set of models were averaged. The suitability of the
models was assessed by plotting the model fit to the respective data. All models were inspected for
normality of residuals using the Kolmogorov–Smirnov test and a Q-Q plot. Cook’s distance plot was used to
check for outliers. Heteroscedasticity was tested using the Levene’s test and scatter plots of the
standardized residuals, fitted values and all covariates were assessed.
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Comparison of scallop catch quality
The degree of physical damage that might reduce the commercial value of the marketable scallops and the
survivability of undersized scallops was examined by calculating the proportion of marketable and
undersize scallops within each damage score category for each tow. Scallops were assessed as: score 1 - no
damage; score 2 - edge of shell chipped; score 3 - hinge broken / large cracks; score 4 - crushed / dead
(Jenkins et al. 2001). The lowest damage scores (categories 1 and 2) were combined into one category to
account for observer variation/categorical bias, as it was often difficult to determine whether damage was
score 1 or 2. Chi-squared analysis was carried out in R to determine whether the different dredge designs
resulted in different damage scores.
Comparison of scallop size selectivity
To determine if the skid dredge caught significantly more or less scallops of any given length class a catch
comparison analysis was undertaken using the ‘selfisher’ package in R (Brooks et al. 2020). The scallop
length data was binned into 2mm categories to increase the numbers within each size class at the extreme
ends of the size-class spectra examined. The number of scallops of each length class; the proportion of
scallops of each length class caught in the skid dredge versus the standard dredge and the sampling fraction
were calculated.
The catch comparison analysis modelled the relative retention as a 4th-order polynomial, plus a spline with
5 degrees of freedom using the ‘splines’ package. Model selection was performed using AIC values to
determine the best fit. Area was included in the model as an explanatory variable to determine if there
were differences in catches among the different ground types. Response ratios were predicted, with
bootstrapped confidence intervals using the ‘predict’ and ‘bootSel’ functions from ‘selfisher’ (Brooks et al.
2020).
Comparison of bycatch numbers and composition
Bycatch refers to the accidental capture of non-target marine organisms or undersized target species,
which can result in discarding of the unwanted catch that are often dead (Kelleher, 2005).
The biomass of all bycatch species combined and of different taxonomic classes and species collected from
each tow was standardized to wet weight (kg) per unit area (ha) (WPUA). As for the scallop data the WPUA
for the skid dredge was divided by the WPUA for the standard dredge, for each paired tow, to create a
relative response ratio (lnRR). Generalized linear models (GLMs) were carried out to assess whether
environmental parameters influenced the relative WPUA (lnRR) of bycatch of each taxonomic class. The
weight of stones in the skid and standard dredges was treated and analyzed similarly to the bycatch data.

3.3 Results
3.3.1 Survey sites
A total of 63 tows were conducted across the four sites. The principal component analysis (PCA) examining
the environmental characteristics recorded at each site showed clear differences among the sites surveyed
in Wales and in Scotland (Figure 3.3). The areas surveyed differed primarily in bottom hardness; the fishing
grounds surveyed in Northeast of Anglesey (W_NEA) was on average 1.65 times stonier than in Cardigan
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Bay (W_CB), and site A in the Moray Firth (MF_A) was on average 2.6 times stonier than site B in the Moray
Firth (MF_B) (Table 3.3). Sea state was relatively mild at W_CB, W_NEA, MF_B at the time of survey, but
was rougher at MF_A (Table 3.3).

Figure 3.3. Principle component analysis of the environmental variables experienced during the survey in
Wales (left) and Scotland (right) showing the clear differentiation in environmental conditions at each of
the two survey sites. The angle between the arrows reflects the correlation between the variables they
represent, the smaller the angle the higher the correlation. The first axis (PC1) accounted for 41.0% of the
explained variance in the Wales sites (W_CB and W_NEA) and 33.9% in the Scotland survey sites (MF_A and
MF_B). The second axis (PC2) accounted for 27.1% in Wales and 27.4% in Scotland. Thus, the first two axes
explained 61.3% of the total variance in Scotland and 68.1% in the Wales sites.

Table 3.3. Environmental variables (mean ± SE) for the four sites Moray Firth A (MF_A); Moray Firth B
(MF_B; Cardigan Bay (W_CB) and Northeast Anglesey (W_NEA). nd = not determined.

Scotland

Wales

MF_A

Mean ± SE

Seastate
(Beaufort
scale)
3.7 ± 0.3

39.9 ± 1.5

WPUA
debris
(kg ha-1)
54.4 ± 22.8

MF_B

Mean ± SE

2.1 ± 0.2

47.3 ± 1.0

17.1 ± 3.9

85.8 ± 42.3

0.3 ± 0.01

W_CB

Mean ± SE

2.1 ± 0.2

35.9 ± 0.3

2.8 ± 0.4

65.4 ± 9.8

nd

W_NEA

Mean ± SE

1.4 ± 0.1

46.9 ± 0.7

2.8 ± 0.2

107.0 ± 11.9

nd

Depth (m)

WPUA stones
(kg ha-1)

Tidal
speed

226.2 ± 56.8

0.2 ± 0.01
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3.3.2 Scallop catch yield
The catch of marketable (>MLS) scallops was significantly higher in skid dredges compared to standard
dredges in Cardigan Bay (W_CB) and Moray Firth A (MF_A) (Figure 3.4). On average, the skid dredges
caught 15% more scallops relative to the standard dredge at these two sites, with a minimum and
maximum range of 1 to 33% more scallops caught by skid dredges in MF_A and 6 to 25% more scallops in
skid dredges in W_CB. Conversely, catch yield did not differ significantly between skid and standard dredge
for marketable scallops in Northeast Anglesey (NEA) and site B in the Moray Firth (MF_B), although skid
dredges appeared to catch 9% less scallops than standard dredges at MF_B (Figure 3.4). The catch of
undersized scallops (< MLS) was generally higher in the skid dredges relative to the standard dredges (on
average 28% more), although this difference was significant only in Cardigan Bay (Figure 3.4). Undersized
scallop catches in Moray Firth site B were significantly higher (on average 21% more) for the standard
dredge.

Figure 3.4. The relative catch (response ratio (lnRR) of WPUA, kg ha-1 ±95% CI) of scallops caught in the skid
and standard dredges in each area for under the minimum landing size (<MLS) and above the minimum
landing size (>MLS). The dashed horizontal line (0) represents equal catches between skid and standard
dredges (i.e. no difference between the dredges). Positive lnRR values indicates higher WPUA in skid
dredges compared to standard dredges, negative RR values indicates lower WPUA in skid dredges. A
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significant difference occurs when the 95% CI overlaps lnRR = 0. The right-hand axis gives the % change for
ease of interpretation. The number of tows included in the analysis is given below each error bar.
There were no significant effects of environmental variables on the relative WPUA of marketable and
undersize scallops in the Welsh survey areas (Table 3.4a, b). There was a significant effect of area (MF_A or
MF_B), warp length and depth on relative WPUA (lnRR) for marketable scallops at the Scottish sites (Table
3.4c, Figure 3.5) and a significant effect of area and depth of tow on relative WPUA (lnRR) for undersize
scallops at the Scottish sites (Table 3.4d, Figure 3.6). A significantly higher biomass of undersized and
marketable scallops was caught with skid dredges at site A compared to site B in the Moray Firth (Table
3.4c, d). Site A was characterised by stonier ground and rougher sea state conditions at the time of the
survey (Table 3.4).

Table 3.4. The estimated parameters, standard error, T and p values for the best fit generalised linear
models describing the relationship between the environmental parameters and the relative catch (lnRR of
WPUA, kg/ha) of scallops.
Survey
(a)Wales

Size of
scallops
>MLS

(b)Wales

<MLS

(c)Scotland

>MLS

(d)Scotland

<MLS

Parameters
(Intercept)
Area
Depth
WPUA of stones
WPUA of debris
(Intercept)
Area
Seastate
(Intercept)
Area
Warp length
Depth
Tooth length
(Intercept)
Area
Depth
Sea state

Estimate

Std. Error

T value

P

1.523
0.275
-0.036
-0.001
-0.031
0.746
-0.169
-0.201
-0.288
-0.394
0.181
0.243
-0.060
-1.648
-0.644
0.04
0.048

0.629
0.204
0.018
0.001
0.046
0.332
0.226
0.142
0.641
0.105
0.085
0.008
0.055
0.349
0.130
0.009
0.043

2.420
1.341
-2.022
-0.708
-0.687
2.400
-0.750
-1.409
-0.450
-3.789
2.122
2.863
-1.085
-4.718
-4.875
4.760
1.120

0.022*
0.191
0.053
0.485
0.503
0.033*
0.459
0.169
0.657
0.0008*
0.043*
0.008*
0.287
7.07e-05*
4.68e-05*
6.33e-05*
0.273
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Figure 3.5. The relative catch (response ratio (lnRR) of WPUA, kg ha -1 ±95% CI) of scallops caught in the
Welsh survey in the skid and standard under the minimum landing size (<MLS) and above the minimum
landing size (>MLS) for different environmental variables recorded. The dashed horizontal line (0)
represents equal catches between skid and standard dredges. Positive lnRR values indicates higher WPUA
in skid dredges compared to standard dredges, negative lnRR values indicates lower WPUA in skid dredges.
A significant difference occurs when the 95% CI does not overlap lnRR = 0. The right-hand axis gives the %
change for ease of interpretation. The number of tows included in analysis is given below the error bar in
the Area plots.
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Figure 3.6. The relative catch (response ratio (lnRR) of WPUA, kg/ha ±95% CI) of scallops caught in the
Scottish survey in the skid and standard under the minimum landing size (<MLS) and above the minimum
landing size (>MLS) for different environmental variables recorded. The dashed horizontal line (0)
represents equal catches between skid and standard dredges (i.e. no significant difference between the
dredges). Positive lnRR values indicates higher WPUA in skid dredges compared to standard dredges,
negative lnRR values indicates lower WPUA in skid dredges. A significant difference occurs when the 95% Ci
does not overlap lnRR = 0. The right-hand axis gives the % change for ease of interpretation. The number of
tows included in the analysis is given below the error bar in the Area plot.
3.3.3 Scallop catch quality
Scallops caught with the skid dredges did not experience any increased damage to the shell. The
proportions of marketable and undersize scallops with different damage scores (1&2, 3, 4) did not differ
significantly between the skid and the standard dredge (Figure 3.7, Table 3.5). This is not surprising as the
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most damaging impact to scallops is likely to occur when the dredge teeth dig into the sediment rather
than when inside the belly bag.

Figure 3.7. Proportion of scallops with low (scores 1 and 2) and high (3 and 4) damage caught (A) over the
minimum landing size and (B) under the minimum landing size in each tow for each area sampled, for the
skid dredge (left) and standard dredge (right).
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Table 3.5. Number of scallops with damage scores 1 & 2, 3 and 4 with chi-squared analysis to examine the
impact of dredge type on damage score.
Number of scallops
Survey
Scotland

Area
MF_A

Size of
scallops
>MLS

<MLS

Scotland

MF_B

>MLS

<MLS

Wales

W_CB

>MLS

<MLS

Wales

W_NEA

>MLS

<MLS

Damage score

Skid

Standard

1&2
3
4
1&2
3
4
1&2
3
4
1&2
3
4
1&2
3
4
1&2
3
4
1&2
3
4
1&2
3
4

873
32
41
363
12
4
485
19
15
301
7
6
993
11
34
387
5
7
869
5
31
105
0
6

822
31
35
324
12
4
548
13
13
351
4
5
964
22
38
310
6
10
880
5
33
67
0
1

Chisquared

p-value

0.19002

0.9094

0.09883

0.9518

1.9946

0.3689

1.16115

0.4468

4.2238

0.121

1.7936

0.4077

0.03898

0.9807

0.84807

0.3571

3.3.4 Scallop size selectivity
Scallop catch sizes ranged between 85 and 192 mm for W_CB, 83 – 161 mm for W_NEA, 63 – 182 mm for
MF_A and 43 – 153 for MF_B, indicating that smaller individuals are retained more effectively by belly bags
with 76 mm belly rings used in Scotland compared to those with 85 mm belly rings used in Wales.
Catch comparison modelling (Figure 3.8) indicated that there were differences in scallop size selectivity
between the skid and standard dredges. As the scallop population size composition might be different in
different fishing grounds due to varying natural recruitment patterns, we discourage direct comparison of
number of scallops in different size classes among the 4 areas. Further, there is low confidence in the
modelled response ratio at either end of the size spectrum due to the low numbers of very small and very
large scallops that were caught, hence lnRR values at the extreme ends of the size spectrum should be
interpreted with caution. The skid dredge caught significantly more marketable scallops in the 120 –
140mm size range in Cardigan Bay (W_CB) and in the 105 – 110 mm in Moray Firth site A (MF_A) (Figure
3.8). However, the skid dredge caught significantly more undersized scallops in the 95 – 110 mm size range
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in the Northeast of Anglesey (NEA) and in 95 – 105 mm size range in the Moray Firth Area A (MF_A) (Figure
3.8; CI does not overlap the lnRR of 0). There was no significant difference in the size of scallops caught
between the skid and standard dredge in Moray Firth Area B (MF_B).

Figure 3.8. The modelled ln response ratio (± 95% CI) curve (left) showing difference between the skid
dredge and standard dredge across scallop size classes from the four survey areas. Bubbles represent
number of scallops of each size class. The dotted horizontal line (0) represents equal catches, by
abundance, between skid and standard dredges (i.e. no significant difference between the dredges).
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Positive lnRR values indicates higher numbers of scallops of that size class in skid dredges compared to
standard dredges, negative lnRR values indicate lower numbers in skid dredges. Significant differences
between the catches of the two dredges occur when the confidence interval (grey shading) does not
overlap the horizontal dotted line (lnRR = 0). Size frequency of catch distributions (right) of scallops caught
in the skid and standard dredge plotted for each survey area. The dashed vertical line in all plots represents
the minimum landing size in Scotland (105mm) and Wales (110mm).
3.3.5 Bycatch and stones
The catch composition differed across sites but not between dredges within a site, reflecting different
benthic community compositions at the four survey areas (Appendix B, Figure B2). The proportion of
bycatch (excluding stones and debris) of the total catch biomass ranged between 9 – 45% and varied across
fishing grounds (Moray Firth A 9.5%; Moray Firth B 14.3%; Cardigan Bay 46%; Northeast Anglesey 23.3%)
Skid dredges caught higher bycatch biomass relative to the standard dredges at Cardigan Bay and Moray
Firth sites A and B, however these differences were significant only at W_CB and MF_A (Figure 3.9a, b). On
average, bycatch biomass was 26% and 70% higher in skid catches in W_CB and MF_A, respectively. The
bycatch at Cardigan Bay was primarily made up of the spider crab, Maja squinado, which made up more
than 90% of total bycatch biomass; on average skid dredges caught 23% more spider crab (Figure 3.9c). The
bycatch at Moray Firth site A was more varied and was primarily composed of asteroids, malacostracans
and fish (Appendix B - Figure B2). Skid dredges caught significantly more fish primarily the European plaice
(Pleuronecta platessa) and starfish species such as Crassoster papposus, Stichastrella rosea and Porania
pulvillus (Appendix B - Figure B3). The standard dredge caught 17% more bycatch biomass in Northeast
Anglesey, primarily driven by more catches of starfish (Crassoster papposus and Ophiothrix fragilis),
however this difference was not significant (Figure 3.9e, Appendix B - Figure B3). Interestingly, the standard
dredges caught more Chondrichthyes (skates and rays) relative to the skid dredges on stonier grounds at
the Scottish study areas (lnRR ± SE = -0.03 ± 0.01, t = -2.811, p = 0.01, Appendix B - Table B2), and more
malacostracans and echinoids than the skid dredges in deeper waters (Appendix B - Table B2). In general,
the two dredges did not differ in their catches of different taxa at the Northeast of Anglesey and Moray
Firth site B (Figure 3.9).
In general, stone and debris catches did not differ significantly between the two dredge types, except for
Northeast of Anglesey (NEA) where the skid dredges caught 23% and 27% more stone and debris,
respectively, and at Moray Firth site A where the skid dredges caught 57% more debris (Figure 3.10). Debris
was primarily composed of broken shells.
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Figure 3.9. The relative catch (ln response ratio (lnRR) of WPUA, kg ha -1 ±95% CI) in skid and standard
dredges of (a, b) all bycatch species combined and of (c, d, e, f) different taxonomic groups caught at Welsh
and Scottish sites, respectively. The dashed horizontal line (0) represents equal catches by WPUA of
bycatch between skid and standard dredges. Positive lnRR values indicates higher WPUA of bycatch in skid
dredges compared to standard dredges, negative lnRR values indicates lower WPUA of bycatch in skid
dredges. The right-hand axis gives the % change for ease of interpretation. Significant differences are
indicated by confidence intervals not overlapping the lnRR= 0 line. ACT = Actinopterygii; AST = Asteroidea;
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BIV = Bivalvia; CEP = Cephalopoda; CHO = Chondrichthyes; ECH = Echinoidea; GAS = Gastropoda; MAL =
Malacostraca; OPH = Ophiuroidea.

Figure 3.10. The relative catch (ln response ratio (lnRR) of WPUA, kg ha -1 ±95% CI) of debris and stones
landed in the skid and standard dredges in each area. The dashed horizontal line (0) represents equal
catches by WPUA between skid and standard dredges. Positive lnRR values indicates higher WPUA in skid
dredges compared to standard dredges, negative lnRR values indicates lower WPUA in skid dredges. A
significant difference occurs when the 95% CI does not overlap RR = 0. The right-hand axis gives the %
change for ease of interpretation.
3.3.6 Preliminary observation of belly ring size on scallop and bycatch catches
In general, the skid dredge with a belly bag made of 92 mm rings caught less undersized and marketable
scallops, less shell debris and stones and less bycatch fauna (e.g. starfish, crabs, sea urchins) than a belly
bag made of 85 mm rings, although most differences were not significant (Figure 3.11). These results
should be treated as preliminary due to small sample sizes (only one out of seven dredges had 92 mm belly
rings), but certainly merit further investigation going forward.
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Total bycatch

Figure 3.11. The relative catch (ln response ratio (lnRR) of WPUA, kg/ha ±95% CI) of undersized (<MLS) and
marketable (>MLS) scallops, debris and stones, and total bycatch fauna landed in skid dredges with 92 mm
and 85 mm belly rings in the two study areas in Welsh waters. The dashed horizontal line (0) represents
equal catches between skid dredges with 92- and 85-mm belly rings. Positive lnRR values indicates higher
catch in 92 mm compared to 85 mm belly bags, negative lnRR values indicates lower WPUA in 92 mm
compared to 85 mm belly bags. A significant difference occurs when the 95% CI does not overlap RR = 0.
The right-hand axis gives the % change for ease of interpretation.
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4

WP3 – Comparison of Comparison of fuel consumption between LISIG and
standard dredge

4.1 Objective
Assessment of the fuel consumption of the LISIG dredge gear relative to the standard Newhaven dredge.

4.2 Methods
Data on fuel consumption was collected on board the MFV Harmoni in Welsh and Isle of Man waters. Seven
5-day trips were conducted between the 5 March and 19 May 2021, 3 trips using standard dredge gear and
4 trips using skid dredges (Table 4.1). The same gear type was used on both port and starboard of the
vessel during a trip to avoid creating an unbalanced drag which affects gear performance and fuel
consumption. Six trips were undertaken in Cardigan Bay, Wales, and one trip took place in Isle of Man
waters. Data collection took place prior to the scallop dredging closed season, which runs from 1 May to 31
October in Welsh waters, and between 1 June to 31 October and permitted only between 06:00 – 18:00 in
Isle of Man waters.
4.2.1 Data collection
Fuel consumption data was recorded using a fuel flowmeter (AIC 908 flowmeter with BC3034 display)
installed on the MFV Harmoni. Throughout the trip the skipper recorded fuel consumption (i) during
steaming between port to fishing ground and back to port, (ii) during fishing with the dredges (i.e. from the
moment the dredges hit the seabed to when they are retrieved), (iii) in-between hauls (i.e. from moment
dredges are hauled back on to the deck, catch emptied and deployed back into the sea). The skipper noted
the following parameters for each trip and haul:
• time and distance between port and fishing ground and back
• duration of haul (hrs)
• distance dredged (nm)
• vessel speed whilst steaming and fishing (knots)
• sea state (using Beaufort scale). Sea state was recorded on the Beaufort scale, where a range was
given, it was converted to a numerical value for analysis (e.g. 4-5 = 4.5)
• tide range (sea level above chart datum, m). Size of tide was obtained from the Liverpool tide table
book.
These characteristics are summarized for each trip in Table 4.1.
Fuel used (litres) and the average bag weight and meat yield per bag of the landed catch was used to
calculate (i) fuel consumption (litres / hour), and (ii) fuel burned per 10 kg of scallops landed by the two
gears.
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Table 4.1. Descriptive statistics (mean ± SD) for the fishing and environmental parameters for each of the seven trips. Fuel consumption is for fuel used during
fishing activity only (i.e. not during steaming or in-between hauls).
Mean ± SD

Standard dredge

Skid dredge

Trip 1

Trip 2

Trip 3

Trip 1

Trip 2

Trip 3

Trip 4

Location

Cardigan Bay

Cardigan Bay

Cardigan Bay

Caernarfon Bay

Cardigan Bay

Caernarfon Bay
(outside 12 nm)

Outside Douglas
Bay, Isle of Man

Dates

5 – 8 March

15 – 19 March

21 – 24 March

30 Mar – 3 Apr

11 – 13 April

5 – 8 May

12 – 19 May
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37

29

42

26

30

71

Haul duration (hrs)

1.75 ± 0.02

1.74 ± 0.17

1.89 ± 0.12

1.82 ± 0.22

1.75 ± 0.09

1.71 ± 0.18

0.95 ± 0.17

Distance dredged
per haul (nm)

4.74 ± 0.15

4.69 ± 0.25

4.86 ± 0.46

4.5 ± 0.72

4.8 ± 0.27

4.49 ± 0.68

2.57 ± 0.34

Vessel speed whilst
fishing (knots)

2.71 ± 0.08

2.71 ± 0.19

2.58 ± 0.26

2.36 ± 0.52

2.73 ± 0.12

2.50 ± 0.57

2.68 ± 0.41

Sea state (Beaufort
scale)

2.71 ± 1.11

2.76 ± 0.45

4.25 ± 1.06

3.31 ± 0.86

2.5 ± 0.0

3.33 ± 0.76

3.82 ± 1.49

Tide (m)

9.66 ± 0.42

9.15 ± 0.05

7.79 ± 0.17

8.26 ± 0.46

8.05 ± 0.34

8.99 ± 0.30

7.06 ± 0.17

Fuel consumption
(ltrs/hr)

30.54 ± 2.55

31.92 ± 3.41

30.35 ± 2.07

33.33 ± 5.26

33.24 ± 3.88

33.28 ± 3.47

30.34 ± 5.87

Fuel used per 10 kg
scallops landed

4.20 ± 1.02

5.20 ± 1.58

4.47 ± 2.27

6.12 ± 2.75

4.43 ± 0.79

6.06 ± 1.64

3.31 ± 0.87

Number of hauls
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4.2.2 Data analysis
Global mixed models were fitted to examine the effect of several environmental variables (assumed to
affect the amount of fuel used) on three different response variables: Fuel consumption in litres per hour
[FLH]; fuel per 10kg scallops caught [FU10kgS]). The factor ‘Trip ID’ was used as a random effect to
incorporate environmental variation between sites. Whilst a significant main term such as ‘seastate’, would
imply that fuel consumption is influenced by seastate condition, a significant interaction term such as
‘gear*seastate’ indicates that the influence of seastate on fuel consumption is gear-specific.
FLH / FU10kgS = Gear*seastate + gear*sizeoftide + gear*toothlength, random=~1|Trip
All models were inspected for normality of residuals using the Kolmogorov–Smirnov test and a Q-Q plot.
Cook’s distance plot was used to check for outliers. Heteroscedasticity was tested using the Levene’s test
and scatter plots of the standardized residuals, fitted values and all covariates were assessed. The random
effect was dropped from the model if it was found to be non-significant. Model residuals were checked for
equal distribution. A backwards selection process was used, and the least significant interactions and model
terms were removed using a stepwise selection process. All model combinations of variables were ranked
using the Akaike information criterion (AIC) value.

4.3 Results
4.3.1

Comparison of fuel consumption between gear whilst fishing (i.e. hauling along seabed)

Fuel consumption did not differ significantly between the skid and standard dredges (Figure 4.1, 4.2). On
average, the fuel consumption for skid dredges was 32.6 litres per hour of fishing and 4.9 litres per 10kg of
scallops landed, whereas that for the standard dredges was 30.9 litres per hour of fishing and 4.6 litres per
10kg of scallops landed (Table 4.1). Fuel usage was more variable among the four trips where the skid
dredges were used (size of error bars in Figure 4.1, 4.2), and this is likely attributed to location and
conditions. Whereas the trips using standard dredges were all carried out in Cardigan Bay, some of the skid
dredge trips occurred north of Bardsey (which is characterised by higher tidal conditions) and around the
Isle of Man.
Fuel consumption expressed in litres per hour and fuel burned per 10kg of scallops landed increased
significantly with sea state and size of tide (Table 4.2, Figure 4.3, Figure 4.4). Gear type (skid vs. standard)
was not a significant factor (p=0.731) and none of the interaction terms were significant.
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Figure 4.1. Mean fuel consumption (litres used per hour of fishing, ltrs hr-1) per trip. Four trips were
conducted using skid dredges, three trips were using standard dredges.

Figure 4.2. Mean fuel burned per 10kg scallops landed per trip. Four trips were conducted using skid
dredges, three trips were using standard dredges.
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Table 4.2. Output from the final generalised linear model of the relationship between (a) fuel burned per
10kg scallops caught and environmental variables, and (b) fuel consumption (ltrs per hour of fishing) and
environmental variables.
(a) Fuel burned per 10kg scallops caught
Value

Std.Error

t-value

p-value

(Intercept)

14.863

3.534

4.206

0.000

sea state
size of tide

0.933
1.642

0.295
0.356

3.167
4.618

0.002
0.000

(b) Fuel consumption (litres per hour)
(Intercept)
sea state
size of tide

Value
14.724
0.960
1.649

Std.Error
3.537
0.299
0.355

t-value
4.162
3.217
4.642

p-value
0.000
0.002
0.000

Figure 4.3. Plot of fuel burned per 10kg scallops caught against sea state, with trip ID as a random factor.
Different colours represent different trips with individual trip regression lines shown.
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Figure 4.4. Plot of fuel burned per 10kg scallops caught against size of tide, with trip ID as a random factor.
Different colours represent different trips with individual trip regression lines shown.
4.3.2

Comparison of fuel consumption for the two gears during steaming

A generalised linear model was used to investigate fuel consumption (ltrs/hr) whilst steaming (to/from Port
or between fishing sites) in relation to the environmental variables and interactions with gear type. There
was no significant difference (p=0.999) in the models with or without the random effect of trip, therefore it
was not included in the final model. The model indicated that none of the variables (sea state, p=0.969; size
of tide, p=0.856; speed, p=0.461) or interactions with gear type were significant (Table 4.3).
Table 4.3. Output from the full model of fuel consumption during steaming in relation to the environmental
variables and interactions with gear type.
Value

Std.Error

t-value

p-value

(Intercept)

32.629

15.074

2.165

0.044

Gear(standard)

-5.760

52.609

-0.109

0.914

sea state

0.048

1.226

0.039

0.969

size of tide

-0.244

1.324

-0.184

0.856

speed

0.651

0.864

0.754

0.461

Gear*sea state

-0.341

3.762

-0.091

0.929

Gear*size of tide

1.167

2.767

0.422

0.678

Gear*speed

0.044

4.704

0.009

0.993
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5

WP 4 – Comparison of epibenthic fauna depletion and damage for the two gear
types

5.1 Objective
SCUBA diver surveys were carried out in dredged and non-dredged transects to estimate the percentage
depletion of benthic fauna, changes in species composition and damage to macrofaunal individuals left in
dredge tracks.

5.2 Methods
5.2.1

Experimental design

Conspicuous faunal abundance was assessed by Underwater Visual Census using SCUBA at eight sites in the
inner Moray Firth between 15 and 20 m below chart datum. Sites were surveyed in June 2021. In all cases,
conspicuous fauna > 30mm, including demersal fish were quantified. Sites were located in ground type that
would typically be commercially fished for scallops (Pecten maximus). Sites were selected based on acoustic
classification of seabed using the fishing vessel’s echosounder and the local knowledge of the skipper of the
Evening Star.
Dredging disturbance plots (500 m long by 15 m wide) were created by MFV Evening Star following the
experimental design shown in Figure 5.1. The vessel carried 8 skid dredges on the port side and 8 standard
dredges on the starboard side, so that half of the dredged plot was fished using skid dredge and the other
half using the standard dredge. Two surface buoys were attached to the middle of each tow bar to show
the location of the dredges in the water. On each dredging lane the diving rib dropped buoys immediately
behind the fishing vessel as dredging was being carried out to mark the position of the skid and standard
dredges (impacted). Two other buoys were dropped outside the impacted lane, about 50 m away, to mark
the non-disturbed (control) sites. A total of 32 survey dives were carried out.
Diving scientists were trained in typical species identification using data from similar surveys conducted in
the north of Scotland. All surveys covered a 60 m2 area, delineated by a 20 m transect tape deployed from
a shot-line. Based on Kent et al. (2017), surveyors used a 3 m pole to ensure the transect width remained
consistent (Figure 5.2). All species were counted within the survey area and damage to individual organisms
reported based on a 4-point damage scoring system reported in Jenkins et al. 2001 (Table 5.1). Where
colonial organisms occurred in a clump, the number of clumps was recorded. In some cases, Ophiuroids
were too numerous to count and were therefore counted in a series of random 1m 2 areas within the
transect, averaged, and then numbers scaled-up to estimate the total in the transect area. Habitats were
classified in situ by surveyors according to the proportion of boulders, cobbles, pebbles, gravel, sand and
mud (see classification by Hiscock 1996). As the survey pole was advanced along the survey transect,
measurements were repeatedly made of the depth of penetration by the dredge gear in the sediment.
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A

D
C

B

Area fished with skid dredge
Area fished with standard dredge
Marker buoy placed by diving rib (follows fishing vessel to mark dredge tracks)
Diver transect (depth 18 – 20 m | Data collected: count scallops & epifauna, damage level
of epifauna, depth of furrows). Total 32 dive transects
Diver transect A: Control for standard dredge gear (Standard – Control, StC)
Diver transect B: Fished with standard dredge gear (Standard, St)
Diver transect C: Fished with skid dredge gear (Skid, Sk)
Diver transect D: Control for skid dredge gear (Skid – Control, SkC)
Figure 5.1 Experimental design adopted for the SCUBA diver survey to measure epibenthic fauna depletion
and damage from skid and standard scallop dredge.
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Figure 5.2. (a) Diving scientists used a 3 m pole to ensure the transect width remained consistent. The
distance between the left-hand side of one tape band to the left-hand side of the next one is 10cm – this
was used to aid habitat classification (e.g. to split rocks into gravel, pebbles, cobbles, boulders categories)
and the counting of undersized scallops (< 105 mm) and MLS scallops (> 105 mm). (b) Diving recording
sheet used by divers to records species, their count and damage level.

Table 5.1. Damage scores for megafauna (Jenkins et al. 2001).
1
Crabs

5.2.2

No damage

2
Legs missing /
small carapace
cracks

Starfish

No damage

Arms missing

Urchins

No damage

< 50% spine loss

Whelks

No damage

Bivalves

No damage

Edge of shell
chipped
Edge of shell
chipped

3

4

Major carapace
cracks

Crushed / dead

Worn and arms
damage / minor
disc damage
> 50% spine loss
/ minor cracks
Shell cracked or
punctured
Hinge broken /
large cracks

Major disc
damage /
crushed / dead
Crushed / dead
Crushed / dead
Crushed / dead

Data analysis

Habitat classification: Sediment composition for each of the 32 diver transects was analyzed using CLUSTER
analysis in PRIMER to group transects into two main ground types, soft and mixed sediments.
Species community composition: Multivariate analysis was carried to examine if gear type (skid dredge,
standard dredge) and ground type (soft and mixed sediment) had a significant effect on the distribution of
epibenthic macrofauna. The similarity between each pair of samples was calculated using the Bray-Curtis
similarity index, after a square root transformation of the data was performed to reduce the influence of
highly dominant species. The response of the multivariate epifaunal assemblage to the 2-factor (‘Gear type’
and ‘Ground type’) sampling design was examined using permutational multivariate analysis of variance
(PERMANOVA in PRIMER-E v6 statistical package). Each factor in the model was tested through
permutation tests based on 9999 permutations of residuals under a reduced model to obtain p-values. The
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analysis was repeated using (i) the full dataset, (ii) a reduced dataset including only those species that
occurred in at least 40% of all transects sampled (i.e. in 13 out of 32 transects).
Epifauna depletion between the two gear types:
The change in epifauna abundance between dredged and non-dredged (control) area was calculated as:
𝑐𝑜𝑢𝑛𝑡 𝑖𝑛 𝑠𝑘𝑖𝑑 𝑑𝑟𝑒𝑑𝑔𝑒𝑑 𝑎𝑟𝑒𝑎, 𝑆𝑘
𝑅𝑅𝑆𝑘𝑖𝑑:𝑐𝑜𝑛𝑡𝑟𝑜𝑙 = (
)
𝑐𝑜𝑢𝑛𝑡 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑎𝑟𝑒𝑎, 𝑆𝑘𝐶

𝑐𝑜𝑢𝑛𝑡 𝑖𝑛 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑟𝑒𝑑𝑔𝑒𝑑 𝑎𝑟𝑒𝑎, 𝑆𝑡
𝑅𝑅𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑:𝑐𝑜𝑛𝑡𝑟𝑜𝑙 = (
)
𝑐𝑜𝑢𝑛𝑡 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑎𝑟𝑒𝑎, 𝑆𝑡𝐶

The change in epifauna abundance between standard dredge and skid dredge was calculated as:
𝑐𝑜𝑢𝑛𝑡 𝑖𝑛 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑟𝑒𝑑𝑔𝑒𝑑 𝑎𝑟𝑒𝑎, 𝑆𝑡
𝑅𝑅𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑:𝑆𝑘𝑖𝑑 = (
)
𝑐𝑜𝑢𝑛𝑡 𝑖𝑛 𝑠𝑘𝑖𝑑 𝑑𝑟𝑒𝑑𝑔𝑒𝑑 𝑎𝑟𝑒𝑎, 𝑆𝑘

For reporting and ease of interpretation depletion, RR values were converted to response (%) = (RR − 1) ×
100. Depletion is defined as a negative response. As an illustration, a RR value of 2 represents a response of
+100% (i.e. abundance is twice higher in numerator than in denominator), an RR of 1 represents 0% change
(i.e. same abundance in numerator and denominator), and 0.7 represents a response of -30% (i.e. a 30%
reduction in numerator relative to the denominator).
These pairwise comparisons were calculated for each of the 8 diving sites and was only calculated for; (i)
sites where sediment composition was comparable among the dredged and control pair or among the two
dredges, and (ii) taxonomic groups that occurred in both impacted and control transects as RR is not
possible to calculate when count = 0 (i.e. species not recorded and not present in the transect). The mean
depletion (RR) ± 95% CI was calculated when sample size permitted. A significant positive or negative effect
of fishing occurs when the 95% confidence interval (CI) does not overlap 1 (or 0% after converting to %
change). The H0 tested here is whether mean RRSkid:Control is equal to RR = 1 (0% change). It was not possible
to statistically assess differences in RRSkid:Control between the two different ground types due to insufficient
sample size.

5.3 Results
5.3.1

Habitat type classification

Diver transects were grouped into two main types of ground types:
i.
Soft sediment ground type composed of > 85% muddy sand with shell debris (St1, StC1, Sk1, St2,
StC2, Sk2, SkC2, St3, StC3, Sk3) or > 85% medium sand with shell debris (St6, StC6, Sk6, SkC6, St7,
StC7, Sk7, SkC7) (Figure 5.3, Appendix C)
ii.
Mixed sediment ground type composed of between 40 – 80% gravel, pebbles and cobbles and 5 –
30% of muddy sand (StC4, Sk4, SkC4, St5, StC5, Sk5, SkC5, St8, Sk8, SkC8) (Figure 5.3, Appendix C)
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Figure 5.3. Cluster analysis of sites based on their sediment composition using Group average linkage and a
resemblance matrix based on Euclidean distance. The larger the Euclidean distance between sites the more
different the sediment composition is.

5.3.2

Species community composition

The most common species present at more than 40% of the sites surveyed were the decapod species
Pagurus bernhardus, Liocarcinus depurator, Atelecyclus rotundatus and Munida rugosa, the asteroid
species Asterias rubens and Astropecten irregularis, the ophiuroid Ophiura albida, the echinoid Echinus
esculentus, the gastropod Buccinum undatum, the polychaete Lanice conchilega, the bryozoan Alcyonium
digitatum, the hydroids Halecium sp. and Kirchenpauria sp., and the fish species Pholis gunnelus. The
epibenthic community composition differed significantly between the two ground types but not among
impacted and control sites irrespective of whether the skid dredge or standard dredge was used to create
the disturbance (Table 5.2).
Table 5.2. PerMANOVA analyses based on Bray-Curtis dissimilarities using (a) count data for all species
encountered along the transects, (b) count data for species that were present in more than 40% of the sites
sampled, in relation to ground type, G (soft sediment vs. mixed sediment) and treatment type, Tr (St, StC,
Sk, SkC).
(a) Predictor variables
Treatment (Tr)
Ground type (G)
Interaction (Tr : Gr)
Residual
Total

Df
3
1
3
21
28

Sum Sq
3603.7
7879.4
2620.1
46866
61466

Pseudo-F
0.54
3.53
0.39

p-values
0.96
0.01
0.98
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(b) Predictor variables
Treatment (Tr)
Ground type (G)
Interaction (Tr : Gr)
Residual
Total

Df
3
1
3
21
28

Sum Sq
2455.9
4223.5
1642.2
27063
35962

Pseudo-F
0.63
3.27
0.42

p-values
0.74
0.03
0.91

Df – degrees of freedom (1 for numeric variables), Sum sq – sum of squares, Pseudo-F – F value and p-values based on 999
permutations.

5.3.3

Comparison of epifauna depletion between the two gear types

RRStandard:Control - In general the standard gear appears to have a more negative effect (i.e. less fauna in
standard relative to non-dredged transects) on epibenthic fauna in mixed sediment than in soft sediment.
However, samples sizes in mixed sediment are inadequate to allow any robust conclusions (Figure 5.4 a, d).
RRSkid:Control - Conversely, the skid gear appears to have less of a negative effect on epibenthic fauna in mixed
sediment than in soft sediment, however none of the differences were significant (Figure 5.4 b, e). Samples
sizes in mixed sediment are inadequate to allow any robust conclusions.
RRStandard:Skid – Mean response appears more negative (i.e. less fauna in standard relative to skid) in mixed
sediment for all taxonomic groups apart from Asteroidea (Figure 5.4 f). Conversely, mean depletion
appears less negative for echinoids and crustaceans in soft sediments dredged with standard relative to
skid dredge (Figure 5.4 c). Note however, that none of these differences are significant. Reasons for this
include a very low sample size, high variability in the ground type and very low abundance of fauna present
at the study sites is likely to have resulted in high variance and no detection of fishing effect.
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Figure 5.4. Relative change (mean RR ±95% CI) in epibenthic fauna abundance between areas dredged with
the standard dredge and non-dredged areas (RRStandard:Control); between areas dredged with the skid dredge
and non-dredged areas (RRSkid:Control) and between areas fished with standard and skid dredge (RRStandard:Skid).
The response to fishing is given for different ground types, soft and mixed sediment, and for total
epibenthic abundance (TOT) and for different taxonomic groups; AST – Asteroidea, BIV – Bivalvia, CRU –
Crustacea, ECH – Echinoidea, HYD – Hydrozoa, OPH – Ophiuroidea. Data is presented only for taxonomic
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groups that occurred in more than 40% of samples collected. The right-hand axis gives the % change for
ease of interpretation. The number of transects included in each estimate of depletion is given below each
error bar.
5.3.4

Comparison of epifauna damage inside dredge tracks

Epifauna damage is reported for all epifauna combined (‘Total epifauna’) and for different taxonomic
groups (Figure 5.5). Data was pooled over the 5 transects in soft sediments and the 3 transects in mixed
sediments, and the proportion of organisms in the four damage categories were compared between areas
fished by skid dredge and those fished by the standard dredge.
A higher proportion of epifauna experienced higher levels of damage (i.e. levels 2, 3, 4) in standard dredge
tracks compared to skid dredge tracks (Figure 5.5A). Organism damage was less severe in mixed sediment
than in soft sediments, and the proportion of level 2 (minor) and 4 (fatal) damage was higher for areas
fished with standard dredge (Figure 5.5A).
Asteroids and gastropods experienced very low levels of damage and damage proportions were very similar
among both gear types and ground types (Figure 5.5B, 5.5H). Bivalves and echinoids experienced the
highest damage (scores 3 and 4). The proportion of crushed or dead echinoids was higher for skid dredge
tracks than for standard dredge and this difference was more pronounced in soft sediment than in mixed
sediment (Figure 5.5D). Conversely, crustacea experienced higher damage in standard dredge tracks than in
skid (Figure 5.5G). Ophiuroids experienced higher damage in mixed sediment (note: they were more
abundant in this habitat) in areas dredged using the standard dredge, although the damage was not fatal
but rather resulted in loss of arms, level 2 (Figure 5.5E). Hydroids experienced similar damage across
ground types and gear types (Figure 5.5F).
Note that although the proportion of fatally damaged organisms (level 4) between skid and standard
dredge tracks was generally higher for standard dredges, these differences were not significant (Table 5.3),
most likely due to the low number of replicates and very low and patchy abundance of organisms that
might have led to poor detection of an effect.
Table 5.3. Kruskal Wallis test examining proportion of damage score 4 between skid and standard dredge
for different taxonomic groups.

Total epifauna
Asteroidea
Bivalvia
Crustacea
Echinoidea
Hydroids
Ophiuroidea

Soft sediment
Kruskal Wallis
pChi-squared
values
0.01
0.92
0.02
0.88
0.02
0.88
0.05
0.82
3.72
0.05
na
na
0.98
0.32

Mixed sediment
Kruskal Wallis
p-values
Chi-squared
0.2
0.66
na
na
0.2
0.66
2.61
0.11
na
na
2.4
0.12
0.07
0.79
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Figure 5.5. Proportion of epibenthic organisms recorded in each of the 4 damage categories (1: no damage,
2: minor damage, 3: medium damage, 4: fatal damage – definition in Table 5.1) in the dredge track for skid
and standard dredge in soft sediment (pooled counts from 5 transects) and for skid and standard dredge in
mixed sediment (pooled counts from 3 transects). The total number of individual organisms recorded
across the pooled transects is given in brackets underneath each bar.
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Dredge marks on the seabed for skid dredges in soft sediment

Figure 5.6. In-between - skids penetration depth of gear in sediment is close to negligible (left image),
furrows created by skids – maximum penetration depth recorded was 5 cm (right image).

Dredge marks on the seabed for skid dredges in mixed sediment

Figure 5.7. Furrows created by skids in mixed sediment, maximum skid penetration varied between 2 – 4
cm.
Dredge marks on the seabed for standard dredges

Figure 5.8. Furrows created by belly bag of standard dredges. Maximum penetration ranged between 2 – 4
cm. Width of furrows created by standard dredge are larger than those created by the skids, as the
standard dredge furrow width is equal to the width of a belly bag (ca 80 cm) and that of skid dredge is
equal to width of 2 skids (ca 15 cm).
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6 WP 5 – Economic feasibility of the LISIG skid dredge
6.1 Objective
To assess the economic feasibility of fishing with (i) the skid dredge relative to the standard dredge, (ii) the
skid dredge at the start relative to the end of the fishing season, and (iii) the skid dredge in two different
ground types. Economic feasibility is assessed as a function of the profitability of fishing with the LISIG gear
(revenue and cost analysis), the initial cost of buying the gear and the associated maintenance costs.

6.2 Methods
6.1.1

Overview

Economic viability was assessed as a function of the profitability of fishing with:
(A) the skid gear relative to the standard gear,
(B) the skid gear at the start and end of the fishing season, and
(C) the skid gear in different fishing grounds.
The profitability of fishing for each of these 3 scenarios was calculated by subtracting fuel and gear costs
from the value of landings. The equation below illustrates these revenue calculations.
Mean value of landings – costs (fuel use + gear set-up + gear replacement) = fishing profit
Catch landings of marketable scallops and fuel costs per fishing trip were obtained from WP2 and WP3.
Data on gear wear and estimate of the frequency of replacing gear components such as the skids and bag
for the two dredges were based on a sample of 2 skippers who noted variable costings for the different
dredge set-ups. The trip level financial assessment of the gear was used to scale up the longer-term
financial impacts (such as annual financial gains or losses) from using the modified gear for a hypothetical
‘modelled’ scenario. It is important to note that monthly and annual monetary and catch values in these
calculations should not be interpreted as absolute values, rather one should focus on the proportion or
percentage of change between (A) skid vs. standard dredge, (B) start and end of season, (C) different
ground types.
6.1.2

Defining revenue and costs

Costs associated with setting up new gear
Gear cost estimates were provided by gear manufacturing company (Deeside Marine) for a typical dredge
used in Welsh waters1 and by the skipper of the Evening Star (G. Buchan) for a typical dredge used in
Scottish waters2. Estimates of the unit price for each of the different gear component (tooth bar, belly bag,
dredge frame) are provided in Table 6.1. To reduce variability between the cost estimates in different
national jurisdiction areas, the mean was calculated for each component of gear and summed to calculate
the “full gear cost” value. The cost of the skids used in this economic analysis is £250, consisting of £120 for
the skid frame, £120 for a set of bolted skid soles, £10 for shackles (Table 6.1). Assuming economy of scale
the unit price for the skids could be substantially reduced when the skids are ordered in bulk (Table 6.1,
1
2

gear specs specified in The Scallop Fishing (Wales) (No.2) Order 2010
gear specs specified in The Regulation of Scallop Fishing (Scotland) Order 2017
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pers comm with R. Gidney from Deeside Marine). Our analysis is thus conservative, and higher profit
margins might be expected if the unit cost of the skid is reduced when manufactured and bought in bulk.
Total gear costs per dredge for standard and skid dredge are as follows:
Standard dredge
[cost of one standard set up = £607.9 to £645.9 (Welsh vs. Scottish waters)]
Mean “full gear cost” of standard gear = £626.90 (one dredge frame, tooth bar, belly bag)
For a 7-aside scallop dredger, total gear costs at set-up = £626.90 x 14 = £8,776.60
Skid dredge
[cost of one Skid set up = £857.9 to £895.9 (Welsh vs. Scottish waters)]
Mean “full gear cost” of skid gear = £876.90 (one dredge frame, tooth bar, belly bag, skid frame, pair of
skid soles, shackles)
For a 7-aside scallop dredger, total gear costs at set-up = £876.90 x 14 = £12,276.60
Table 6.1. Cost estimates for different gear components.
Gear

Cost per
unit (£)

Number

Total cost (£)

Source

Notes

Skids

250 ϯ

1

250

D&W William
and Sons

£120 for frame, £60 for each
sole (£120 per set) + £10 for
shackles

Skids

140 ϯ

10

1,400

R.Gidney,
Deeside Marine

ND

Skids

120 ϯ

100

12,000

R.Gidney,
Deeside Marine

Assume economy of scale
“ceiling” does not surpass
this

262ϯ

1

262

R.Gidney,
Deeside Marine

Typical dredge used in Welsh
waters by 15 m vessel

7 x 9 85 mm
Belly Bag with
7 row back
Hardened 13
row chainbag
x 8 row
halfback with
catcher panel
Belly Bag

Typical dredge used in
Scottish waters by a 21 m
vessel

300*

1

300

G.Buchan,
skipper of
Evening Star

Tooth Bar

23.50*

1

23.50

G.Buchan,
skipper of
Evening Star

ND

Dredge frame
fitted with
springs, rod
system, paws
& pivots

322.4*

1

322.4

G.Buchan,
skipper of
Evening Star

ND

ϯ

price as on 27 October 2021
* price as on 25 October 2021
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Costs associated with maintenance of gear
Belly bag wear
Belly bag wear was not measured directly but estimated by skippers involved in the gear trials (M. Roberts
and G. Buchan) based on their observations and knowledge of their practice.
Standard belly bags are typically replaced every 3 – 5 months, depending on ground type.
Skids were observed to at least double the belly bag life.
Mean cost of belly bag = £281 (Table 6.1)
For a 7-aside scallop dredger, total cost of replacing belly bag = £281 x 14 = £3,934.00

Figure 6.1. Belly bag wear after 20 hours of fishing. Left image shows the underside of the belly bag on a
standard dredge, right image shows the underside of the belly bag on a skid dredge. The shiny metal
indicates wear where the steel has been in direct contact with the seabed. No wear is seen on the
underside of belly bag of skid dredge, rather wear is seen for the skid soles. Wear of steel rings and washers
on belly bag of standard dredge is clearly visible.

Skid wear
The number of hours of fishing before the skid soles should be replaced (Figure 6.2) were recorded by the
skipper of Harmoni (M. Roberts) who used the skid dredge gear over a period of several months (April –
May 2021, Nov – Dec 2021, Jan – Feb 2022) in fishing grounds of Cardigan Bay and around Isle of Man
(outside Ramsay Bay). The ground type was a mixture of coarse sand, gravel, pebbles and cobbles, and
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generally described as ‘stony’ or ‘stony gravel’ by the skipper. On average it was found that the removable
skid soles lasted for 377 ± 68 hours (mean ± SD) in this ground type.
Cost of skid sole replacement = £120 per dredge (Table 6.1)
For a 7-aside scallop dredger, total cost of replacing belly bag = £120 x 14 = £1,680.00

Figure 6.2. Skid sole wear over a period of ca. 350 hours of fishing. Left image shows the skids at the start
of their lifetime, right image shows the skid wear after ca. 350 hours of fishing. Skid soles are bolted on so
that the skipper would only need to replace the soles and not the entire skid frame (assuming fishing stops
once the skid soles are worn).
Costs associated with fuel use
Fuel consumption (ltrs/hr) data was obtained from WP3. Data was collected for a total of 21 fishing trips;
16 trips where fishing was conducted using skid dredges (339 transects, 548 hours of fishing), and 3 trips
using standard dredges (99 transects, 175 hours of fishing) (Appendix D, Table D1). Fishing with skid
dredges was conducted in two different fishing grounds (Cardigan Bay and around Isle of Man) and at two
different times during the fishing season (Appendix D, Table D1). Note: the scallop dredging closed season
in Wales (out to 12 nm) runs between 1 May – 30 October, and between 1 June – 30 October in the Isle of
Man.
Given that ground type, time of the year and gear type may influence fuel consumption, fuel costs were
calculated separately for each of the three scenarios:
A. Skid (3 trips) vs. Standard (3 trips) dredge trips in Cardigan Bay (CB) fishing grounds towards the
end of the fishing season (March – April 2021)
B. Skid at the start of fishing season (7 trips, Nov-Dec 2021) vs. Skid at the end of the fishing season
(3 trips, April 2021) in Cardigan Bay (CB) fishing grounds
C. Skid in Isle of Man (IoM) fishing ground (8 trips, May 2021) vs. Skid in Cardigan Bay (CB) fishing
ground (3 trips, April 2021) at the end of season
To calculate fuel costs, the price of fuel was assumed to be at £1 per litre. A fuel consumption value of 32
litres / hour, would thus cost the skipper £32 / per hour of fishing. Fuel cost calculations do not include the
cost associated with travelling from port to fishing ground as this was the same irrespective of whether the
vessel was carrying skid dredges or standard dredges on board (M. Roberts pers comm).
The hourly fuel costs were converted to monthly fuel costs assuming a fishing pattern where fishermen fish
for 240 hours a month (based on 12 hr fishing days, 5 days per week, 4 weeks per month) (Table 6.2).
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Table 6.2. Hourly fuel consumption and monthly fuel costs associated with a scenario where fishing occurs
for a total of 240 hours over a one-month period.
A. Gear type comparison (skid vs. standard)

Fuel consumption (ltrs/hr)
Monthly fuel expenditure assuming £1
per litre and a total of 240 hours of
fishing per month (£ / month)

Skid dredge (end of
season)
32.46 ltrs

Conventional dredge
(end of season)
31.06 ltrs

£7,790.40

£7,454.40

B. Start vs. end of fishing season comparison (using skid dredges)
Fuel consumption (ltrs/hr)
Monthly fuel expenditure assuming £1
per litre and a total of 240 hours of
fishing per month (£ / month)

Skid start of season (CB)
32.74 ltrs

Skid end of season (CB)
32.46 ltrs

£7,857.60

£7,790.40

C. Fishing ground comparison (IoM vs CB using skid dredges)
Skid IoM (end of season)

Skid CB (end of season)

Fuel consumption (ltrs/hr)

29.77 ltrs

32.46 ltrs

Monthly fuel expenditure assuming £1
per litre and a total of 240 hours of
fishing per month (£ / month)

£7,144.80

£7,790.40

Revenue from marketable scallop landings
Total scallop meat landings (kg landed) for each of the 21 trips were obtained from sales data from seafood
processing company (Appendix D, Table D1). Total scallop meat landings per trip were standardized to
landings per hour of fishing (kg/hr). The total landings value per hour of fishing (£ / hr) was calculated using
a standardised price at £10.71 per kg of meat landed (price is an extrinsic factor not determined by fishing
efficiency but determined by external market forces – we maintain a constant price for comparability
between trips). The revenue associated with scallop landings was calculated for each of the three scenarios
as follows:
A. Skid vs. Standard dredge trips in Cardigan Bay (CB) fishing grounds towards the end of the fishing
season (March – April 2021)
Based on data from the seafood processing company, the total weight of scallop meat landed per hour of
fishing using the standard dredge was 9.36 kg / hr, which is equivalent to a total landings value of £100.25 /
hr. Gear comparison trials conducted in WP2 showed that the mean skid gear catchability of marketable
scallops (> MLS) ranged between +19% and -6% relative to standard gear (Figure 3.4). Therefore, we
calculate revenue for two scenarios, where (i) skid dredge catches 19% more marketable scallops relative to
conventional dredges and (ii) skid dredge catches 6% less marketable scallops. The scallop meat landings
and landings value per hour of fishing under these two scenarios are provided in Table 6.3A.
This approach was taken in preference to using data from processor company for skid dredge trips to avoid
the confounding effect on scallop landings data that may result from fishing at different time of the year,
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fishing area, sea state and number of scallops on the ground. In the future this could be partially addressed
by increasing the number of trips for which data is provided.
B. Skid dredge at the start vs. end of the fishing season in Cardigan Bay (CB) fishing grounds
C. Skid dredge in Isle of Man (IoM) vs. Cardigan Bay (CB) fishing ground at the end of fishing season
Gear trials in WP2 were undertaken only in April in Wales and in June in Scotland. Therefore, it was not
possible to evaluate differences in catchability due to fishing season and ground type accurately. In this
case, the total weight of scallop meat landed and total landings value per hour of fishing for scenarios B and
C were calculated using data from processor company for skid dredge trips at different times of the year
(start vs. end of season) and at different fishing ground (IoM vs. CB). Due to the caveats highlighted above,
the results from the economic analysis for scenarios B and C should be interpreted with caution and should
serve as an indication of potential differences. Future controlled trials would be necessary to confirm the
initial observations provided by results for scenarios B and C.
The hourly revenue was converted to monthly revenues assuming a fishing pattern where fishermen fish
for 240 hours a month (based on 12 hr fishing days, 5 days per week, 4 weeks per month) (Table 6.3).
Table 6.3. Hourly and monthly landings (kg/hr) and landings value (£/hr) associated with three scenarios
where fishing occurs for a total of 240 hours over a one-month period.
A. Gear type comparison (skid vs. standard)
Skid dredge (end of season)
Total weight of scallop meat
landed per hour of fishing (kg /
hr)
Total landings value per hour
of fishing (£ / hr) (£10.71/kg)

+19% in marketable catch, 11.14 kg
-6% in marketable catch, 8.79 kg
+19% in marketable catch, £119.29
-6% in marketable catch, £94.14

Total monthly landings value
assuming a total of 240 hours
of fishing per month (£ /
month)

+19% in marketable catch,
£28,629.60

Standard dredge (end of
season)
9.36 kg

£100.25

£24,060.00

-6% in marketable catch, £22,593.60

B. Start vs. end of fishing season comparison (using skid dredges)

Total weight of scallop meat
landed per hour of fishing (kg /
hr)
Total landings value per hour
of fishing (£ / hr) (£10.71/kg)
Total monthly landings value
assuming a total of 240 hours
of fishing per month (£ /
month)

Skid start of season (CB)

Skid end of season (CB)

22.02 kg

7.32 kg

£235.83

£78.39

£56,600.21

£18,813.60

C. Fishing ground comparison (IoM vs CB using skid dredges)
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Total weight of scallop meat
landed per hour of fishing (kg /
hr)
Total landings value per hour
of fishing (£ / hr) (£10.71/kg)
Total monthly landings value
assuming a total of 240 hours
of fishing per month (£ /
month)
6.1.3

Skid IoM (end of season)

Skid CB (end of season)

15.83 kg

7.32 kg

£169.54

£78.39

£40,689.60

£18,813.60

Annual cost-profit analysis of a hypothetical ‘modelled’ scenario

The annual profit for each of the 3 scenarios (A, B, C described above) was calculated by subtracting fuel
and gear costs from the value of landings per year. The equation below illustrates these revenue
calculations.
Mean value of landings – costs (fuel use + gear replacement) = fishing profit
To calculate annual profit, we modelled a standard scenario of a scallop vessel operating over the course of
12 months (Table 6.4). The working assumptions used for calculating the annual revenue are as follows:
• Fishing pattern: fishermen fish for 240 hours a month (based on 12 hr fishing days, 5 days per
week, 4 weeks per month).
• Setting up new gear: It is assumed that new gear (belly bag + dredge frame + tooth bar + netting) is
bought at the start of the year
• Belly bag wear: The belly bag on a standard dredge is replaced every 3 months, whereas the belly
bag on a skid dredge is replaced every 7.5 months
• Skid wear: Skid soles on skid dredges are replaced every 1.5 months
• Dredge frame and tooth bar wear: The cost of replacing the dredge frame and tooth bar is not
taken into consideration in these calculations, and it is assumed that wear rate of these gear
components is comparable among the two dredge types, ground type and time of the year.
• Catch landings: In this calculation, it is assumed that the catch landings per hour of fishing (kg / hr)
remains constant throughout the year. This is unlikely to be the case as catch will vary depending
the number of scallops on the ground, which in turn is influenced by the time when fishing is taking
place during the fishing season and the type of ground.
• Operation efficacy: assumed to be equal between the two gear types (personal communication
with M. Roberts indicated that there is no increase in operation time [gear retrieval, emptying of
catch] for the skid dredged relative to the standard dredge.
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- £7,454.40
- £7,454.40

- £7,454.40

- £7,454.40

- £7,454.40

- £7,454.40
- £7,454.40
- £7,454.40

- £7,454.40

- £7,454.40

- £7,454.40

- £7,454.40
- £89,452.80

Landings value
for
standarddredge

- £24,060.00
- £24,060.00

- £24,060.00

- £24,060.00

- £24,060.00

- £24,060.00
- £24,060.00
- £24,060.00

- £24,060.00

- £24,060.00

- £24,060.00

- £24,060.00
+ £288,720.0

Skid gear set up
cost

new set up
(- £12,276.60)

Fuel cost for
skid gear

- £7,790.40

- £7,790.40

- £7,790.40

- £7,790.40

- £7,790.40
- £7,790.40
- £7,790.40

- £7,790.40

- £7,790.40

- £7,790.40

- £7,790.40
- £93,484.80

Landings value
for skid dredge
at 19% more
scallop catch
(Scenario Ai)

- £28,629.60

- £28,629.60

- £28,629.60

- £28,629.60

- £28,629.60
- £28,629.60
- £28,629.60

- £28,629.60

- £28,629.60

- £28,629.60

- £28,629.60
+ £343,558.8

7
8
8.5
9
10

new skid soles
(- £1,680)

6
new belly bags
(- £3934)

5.5

new skid soles
(- £1,680)

5

new skid soles
(- £1,680) + new
belly bags
(- £3,934)

4
new belly bags
(- £3934)

3

new skid soles
(- £1,680)

2.5

new skid soles
(- £1,680)

2

new skid soles
(- £1,680)

new belly bags
(- £3934)

new set up
(- £8,776.60)

Fuel cost for
standard gear

- £7,790.40

1

new skid soles
(- £1,680)

Standard gear
set up cost

- £28,629.60

Table 6.4. Hypothetical ’modelled’ annual timeline scenario of gear events for standard versus skid gears for a vessel operating a 7-aside dredges (Scenario A). For
comparing fishing profits for skid dredges at different time during the fishing season (Scenario B) and in different fishing grounds (Scenario C), fuel and landings
data in this table should be substituted by the relevant data from Tables 6.2 and 6.3.
Month
11
11.5
12
Annual cost
/ revenue

- £20,578.60

- £27,970.60
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- £22,593.60

- £22,593.60

- £22,593.60

- £22,593.60

- £22,593.60

- £22,593.60

- £22,593.60

- £22,593.60

- £22,593.60

- £22,593.60

- £22,593.60

- £22,593.60

Landings value
for skid dredge
at 6% less
scallop catch
(Scenario Aii)
+ £271,123.2
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6.2 Results
Under the modelled scenarios, it is estimated that fishing with skid dredges produce an annual profit of
between £149,667 and £222,099 (-6% versus +19% scenarios, respectively), whereas fishing with standard
dredge generates a profit of £178,688 (Figure 6.). This suggests that skid dredges earned between 0.83 and
1.24 times (-6% versus +19% scenarios, respectively) the profit of standard dredges (Figure 6.4). Skid
dredges generated 24% more profit when scallop catches were 19% higher than those of standard dredges,
and skid dredges consistently produced higher landings per distance fished (£45 per nm versus £37 per nm)
and per hour of fishing (£119 versus £100) (Figure 6.3, 6.4). Conversely, annual profit was 16% lower when
catches were 6% lower in skid dredges than those of standard dredges (Figure 6.3, 6.4). The skid gear did
not outperform the standard gear in terms of fuel efficiency. For example, the skid gear used 32 liters of
fuel per hour versus the conventional gear’s 31 liters (Figure 6.5).
Dredging with skid dredges at the start of the season (November) would result in an annual profit of
£556,940 compared to £104,307 at the end of the season (April), suggesting that fishing with skid dredges
at the start of the season was 5.3 times more profitable than fishing with skid dredges at the end of the
season (Figure 6.3, 6.4).
Dredging with skid dredges in the Isle of Man fishing ground in May resulted in an annual profit of £374,567
compared to £105,987 in Cardigan Bay (April), suggesting that fishing with skid dredges in the IOM was 3.5
times more profitable than fishing on the Welsh (Cardigan Bay) scallop grounds (Figure 6.4).

£600,000.00

Annual profit

£500,000.00

Skids

Standard

£400,000.00

£300,000.00

£200,000.00

£100,000.00

£0.00

Skids + 19% vs
standards (Wales)

Skids - 6% vs
standards (Wales)

Start vs End of
season

IOM vs Wales
grounds

Figure 6.3. Bar chart showing the annual profits derived from dredging using skids (solid blue) versus
conventional (orange) gear, at the start (dotted blue) versus end of the season (solid blue) and in the IOM
(hatched blue) versus Wales (solid blue).
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6

times more profitable

5
4
3
2
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Figure 6.4. Bar chart showing how many times more profit is earned under different scenarios; Scenario Ai when skid dredges catch 19% more marketable scallops than conventional dredges, Scenario Aii - when skid
dredges catch 6% less scallops than conventional dredges, Scenario B – when skid dredge catches are
compared at the start and end of season, and Scenario C – when skid dredge catches are compared in
different ground types (Isle of Man IOM vs. Cardigan Bay CB). The orange line represents 1, indicating no
differences in profit. Bars above this line indicate that the skid dredge is more profitable than the
conventional gear, or that the skid dredge is more profitable at the start of the season compared to the end
of season, or that the skid dredge is more profitable in the IOM than in CB.
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Figure 6.5. Bar chart comparing some key statistics of skid versus conventional gear (skids +19% and -6% of
standard).
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7 Discussion
The scallop sector is one of the highest value commercial fisheries in the UK and supports a highly
productive catch sector and processor businesses (Cappell et al. 2018). Efforts are being made by the
fishery to move towards a more sustainable fishing practice and towards net zero. At present, the UK
scallop fishery would not meet the sustainability standards such as those set out by the Marine
Stewardship Council (MSC), partly due to a lack of mechanism to effectively control fishing effort (Principle
1, Sustainability of the stock) and to minimize environmental impact (Principle 2, Minimizing environmental
impact) (Nimmo et al. 2019). Technical gear modifications are one of several management measures and
industry actions that can be taken to reduce impacts on target stocks and the environment, while
maintaining an acceptable level of performance for the fishery.
The dragging of the steel chain mail belly bag over the seabed can have a serious abrasive effect on the
seabed, breaking up surface dwelling biota and causing physical alteration of the seabed. The present
study investigated the effect of using skids to lift the belly bag off the seabed by about 10 cm, with the aim
of reducing seabed fauna damage and fuel gas emissions due to reduced area of contact and drag with the
seabed.
During this project, evidence of the environmental and economic benefits of the LISIG skid dredge were
collected during scientific field trials and commercial practice with fishermen in terms of the retained catch
and bycatch, catch selectivity and damage, seabed fauna damage, fuel consumption and gear wear. The
performance of the LISIG skid gear was compared to that of the spring-toothed Newhaven dredge that is
most used by the scallop dredging industry in the UK.

7.1 Retained scallop catches
The weight per unit area of catch and bycatch caught in the skid dredges was generally higher compared to
the standard dredge, the effect, however, was site- and context-specific. There were no significant losses in
the catch of marketable king scallop (Pecten maximus above the minimum landing size, MLS), and at two of
the four sites studied catches of marketable scallops were significantly higher in the skid dredges than in
the standard dredges (on average 15% higher at W_CB and MF_A, Figure 3.4). However, the skid dredge
also caught significantly more bycatch and more undersize scallops at these two sites (Figure 3.4, 3.9).
The results demonstrated that the performance of the two dredges was site specific, with differences in the
relative catch of scallops (marketable and undersize) and bycatch seen across the study areas. For instance,
catches were highest for Cardigan Bay (W_CB) and Moray Firth site A (MF_A), which sit at opposite ends of
a spectrum in terms of ground type. As it was not possible to carry out a survey of the seabed topography
and composition, the standardized weight of stones and shell debris caught in the dredges was used as an
indicator of ground type. The fishing ground surveyed at MF_A was on average 3.5 times stonier than at
W_CB. Studies have shown that spring-toothed scallop dredge efficiency is influenced by substrate type
(Beukers-Stewart et al. 2001, Miller et al. 2019) with finer substrates generally having higher catch rates
than coarser substrates (Miller et al. 2019). The skid dredges appeared to outperform the standard dredges
on both clean and stony grounds, possibly because the increased weight from the skids results in better
contact of the dredge teeth with the seabed. Interestingly, the catch composition at Northeast Anglesey
study site (W_NEA) differed from W_CB and MF_A in that there was no difference in marketable scallop
catch for skid and standard dredges but lower bycatch in skid dredges. One notable difference among these
sites was the size of the stones that were retained in the catch. Stones retained at W_NEA were ca 20 – 30
67

cm in diameter, whereas those retained at MF_A were on average 10 – 15 cm in diameter (personal
observation M. Sciberras). This result suggests that there may be a threshold for size of stones beyond
which the LISIG gear may be no more efficient at catching marketable scallops than the standard gear. The
skid dredges did however catch significantly less bycatch than the standard dredge at W_NEA; the elevated
belly bag off the ground due to skids together with the increased surface rugosity provided by the bigger
stones might thus provide more shelter for some epifauna organisms relative to the standard dredges at
this site. Further trials to test the gear performance in difference ground types is recommended.
The skid dredges were found to retain significantly higher scallop catches than the standard dredges with
increasing water depth and heavier sea state. Dredges have been observed to bounce across the seabed
apparently mediated by resonance building up in the springs (Lart et al. 2003). In rough conditions the gear
is likely to bounce more on the seabed, which could lead to a lower catch rate with the standard dredge (M.
Roberts and G. Buchan personal communication). The additional weight of the skids on the belly bag is
likely to stabilize the dredges better in rough sea and thus results in more contact time with the seabed and
higher catches.

7.2 Scallop size selectivity and damage
The size selectivity of the two dredges was also site-specific. The skid dredge caught significantly more
marketable scallops in the 120 – 140mm size range in W_CB and in the 105 – 110 mm in MF_A, but it also
caught more undersized scallops in 95 – 110 mm size range in the W_CB, W_NEA and MF_A (Figure 3.8).
The increase in catches of undersize (<MLS) scallops is concerning as although direct damage to undersize
individuals was low (1.2% damage score 4 (fatally damaged); 1.2% damage score 3) there is evidence to
suggest that cumulative stress events (e.g. being repeatedly caught and returned) reduces the reproductive
output of individuals as the organism directs energy towards repair (Kaiser et al. 2007). Maguire et al.
(2002) observed reduced righting and recessing speed of scallops after dredging, which is important as the
longer scallops remain un-recessed the more vulnerable they are to predation. The exploitation of a scallop
population can change the age structure of the population, to one dominated by younger scallops, resulting
in the dependence of the fishery on the strength of the recruiting year-class (Beukers-Stewart et al. 2003).
Any increase in mortality of young scallops or reduction in reproductive output could therefore have
negative implications for the fishery.
It was hypothesized that lifting the bag off the seabed would increase catch selectivity by increasing
riddling of fauna and other debris through the belly rings. Ultimately however, the increased riddling and
reduction of undersized scallops is likely best achieved by changing the size of the belly rings and the
spacing between the dredge teeth (refer to results from Ecodredge project Lart et al. 2003). We have also
observed lower catches of undersized scallops in W_CB and W_NEA when using belly bags with 92 mm
internal diameter ring compared to 85 mm ring. This observation is only preliminary and future trials with
adequate replication and sampling design would be required to confirm this initial observation. The main
benefit which would accrue from increasing selectivity of the dredges would be to reduce the time the
scallops spend in the gear and on deck, which are known to result in increased stress levels in scallops (Lart
et al. 2003). There are, however, issues with the durability of larger rings.
The recorded damage levels of scallops in the catch were very low and did not differ significantly between
the two dredge types. Much of the lethal damage to scallops occurs at the first point of contact with the
dredge’s teeth with the damage rates related to shell strength and varying between grounds (Jenkins et al.
2001; Lart et al. 2003). Although severe damage was low, it would be beneficial to improve the catch
68

selectivity to reduce the quantity of undersized scallops being caught in the first place. Preliminary results
of gear modification trials using the N-VirodredgeTM, where the sprung tooth bar is replaced by individually
sprung tines around 17 cm long and 8 mm wide, indicated “a virtual absence of chipped or broken shells
and less off size scallops (presumably small scallops) captured” (Filippi 2013).

7.3 The retained bycatch
On average, the proportion of bycatch (excluding stones and debris) of the total catch biomass ranged
between 9 – 45%, which reflected differences in catch efficiency but also community abundance and
composition on the ground at the four sites.
Differences in bycatch biomass among the two dredges were both site- and taxon-specific, and patterns
were not consistent. Skid dredges caught more crabs, Maja squinado in W_CB and Cancer pagurus in MF_A,
and more plaice (Pleuronecta platessa) and starfish (Crassoster papposus, Stichastrella rosea, Porania
pulvillus) at MF_A. The standard dredges, on the other hand, caught significantly more Chondrichthyes
(Dipturus laevis, Leucoraja naevus, Raja montagui) on stonier grounds at the Scottish study areas and more
malacostracans (Cancer pagurus) and echinoids (Echinus esculentus) than the skid dredges in deeper
waters.
The impact of the bycatch species caught will vary depending on the survivability of the species, which for
epifauna typically varies with morphology and fragility. Echinoids in the catches were often crushed and
crabs were missing limbs and experienced cracks in these shells. Kaiser and Spencer (1995) found that all
crabs caught in trawl nets with cracked carapaces or missing over 50% of their limbs died within 48 hours.
Boussarie et al. (2020) reported higher survival for Asterias rubens, Aphrodita aculeata, Buccinum undatum
and Pagurus sp (>93% survival), but lower survival for crabs such as Maja brachydactyla and Atelecyclus
undecimdentatus, within 100-130 hours following capture by an otter trawl. 100% mortality occurred when
carapace was cracked and appendages were missing for these crab species. Bycatch survival rates are
generally poorly quantified for scallop dredging, hence future work to fill this knowledge gap is
recommended.
Although chondrichthyes (skates and rays) and flatfish species did not dominate dredge catches for either
dredge type, their catch is still a concern for the fishery, and for the conservation of Endangered,
Threatened, Protected (ETP) species. The blue skate (Dipturus batis) is also considered a Priority Marine
Feature (PMF) in Scotland. Information on the survivability of these species post-capture is required to
determine the real implications of scallop dredging on these populations in the UK. Survival experiments of
rajid species caught in the New England scallop dredge fishery recorded reduced survivability for several
species due to capture, handling and air exposure on deck; 54% survival for the winter skate (Leucoraja
oceallata), 37% survival for the little skate (Leucoraja erinacea) and 0.1% for the barndoor skate (Dipturus
batis) (Knotek et al. 2018). Although flatfish species appear to be physically more resilient to capture,
Anderson et al. (2021) found that dredge capture and handling factors proved stressful, and resulted in
immediate mortality, physiological disturbances, or reflex impairment for species such as yellowtail
flounder (Limanda ferruginea), windowpane (Scophthalmus aquosus), and fourspot flounder (Paralichthys
oblongus) caught in the Atlantic sea scallop (Placopecten magellanicus) dredge fishery.
Going forward, additional innovation in gear design and operation should be considered to reduce capture
of highly mobile species such as fish, skates and rays. One method that has been demonstrated to reduce
capture of fish is the use of artificial light to elicit a startle and flight reaction in groundfish ahead of the
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gear or to guide fish out of nets. Southworth et al. (2020) reported lower catches of haddock and flatfish for
standard otter trawl fitted with a square mesh panel fitted with LEDs in the queen scallop fishery. McIntyre
et al. (2006) reported lower catches of cod, yellowtail flounder and skate in the Georges Bank scallop
fishery for scallop dredges where the deflector rake was fitted with high intensity lights and sound pingers.
Hannah et al. (2015) were able to reduce the capture of somefish species by up to 90% with no loss of
ocean shrimp (Pandalus jordani) by placing LED lights on the fishing line of their shrimp trawls. The addition
of lights on the tow bar and/or chain bridles to startle fish could thus be an option to reduce bycatch of
highly mobile species. The reaction and behaviour of species to artificial light is species specific, so any such
method to reduce bycatch would need to be tested. Furthermore, technical parameters such as colour,
intensity, wavelength and strobing need to be considered (Marchesan et al. 2005; O’Neill et al. 2019), as
well as environmental conditions such as depth and ambient light levels that influence fish behaviour would
also need to be examined.

7.4 Seabed fauna damage
The impact of scallop dredging on benthic megafauna was assessed by direct observation of damage in
organisms encountering the dredges on the seabed but not captured. It was not possible to assess the
damage of fauna, other than scallops, caught in the dredges due to time constraints during the field
campaigns. We therefore report on the damage caused by the passing dredges to organisms (greater than
30 mm in size) on the seabed, rather than damage whilst retained in the belly of the dredge.
The results demonstrated that the level of fishing-induced damage to individual organisms in dredge tracks
differed between the two dredge types and was both ground type- and taxon-specific. Most of the species
that appeared to be more resistant to dredging were relatively robust Asteroids such as Asterias rubens,
Astropecten irregularis, Crassoster papposus and the gastropod Buccinum undatum. These species
experienced low levels of damage. Most species with the highest vulnerability were fragile, such as the
echinoid Echinocardium cordatum and crustaceans such as Pagurus bernhardus and Liocarcinus depurator
experienced the highest fishing-induced damage.
Overall, the proportion of fatally damaged organisms (damage level 4) was more severe in soft sediment
compared to mixed sediment, and damage was higher in the standard dredge tracks than in the skid dredge
tracks (Figure 5.5A), which may reflect a deeper penetration of the dredge into a softer seabed and a larger
area of contact with the seabed for the standard dredge. Whilst it is acknowledged that the mortality of the
benthos in the path of the skids is likely to be high due to increased penetration depth associated with a
smaller contact area and higher pressure, a large proportion of animals that escape the impact of the
dredge teeth and skids will escape damage. Skid dredges have a reduced gear footprint (surface area in
physical contact with the gear) on seabed relative to the standard dredge, as the area of seabed in direct
contact with the dredge is reduced by c. 94% (from 9265 cm2 to 600 cm2) relative to standard dredge. Our
observations were carried out following a 500 m long dredge pass, therefore the dredges were not full. The
build-up of catch and stones, will substantially increase the weight of the bag (16-78 kg per bag have been
estimated, the amount dependent on the number of stones and catch picked up from the seabed, Lart et
el. 2021) hence its effect on the seabed and the organisms present is likely to vary with the length of the
tow. Further investigations to test seabed impact for different belly bag fullness are recommended.
We have attempted to quantify depletion (in terms of loss of fauna numbers) inside and outside the dredge
tracks (i.e. non-dredged control areas), and inside the dredge tracks from skid dredges and standard
dredges. The results from depletion measurements have been inconclusive, mainly due to factors such as
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low replicate number of diver transects, low and patchy abundance of fauna present at the study sites and
high variability in the ground type which resulted in removing several impact-control pair comparisons from
the analysis to avoid confounding due to non-comparable habitat types. These factors have resulted in high
variance and poor detection of a fishing effect. Diver transects is a standard technique for studying seabed
fauna and has benefits such as more accurate detection of small fauna and degree of fauna injury, and
accurate positioning of the diver transects within the dredge tracks. However, this method is limited by
relatively short dive time due to safe diving limits at specific depths, which translates to relatively short
transects (25 m in this study). Divers were also restricted by tidal currents at seabed, and although divers
attempted to get in the water within 1 or 2 hours after the fishing vessel dredged the experimental plot,
occasionally the divers had to wait 3 – 4 hours until the tidal currents on the seabed subsided (high currents
resulted in unsafe diving in poor visibility). Studies have shown that an influx of predatory and scavenging
species such as Asterias rubens, Pagurus bernhardus, Ophiura ophiura and Buccinum undatum in recently
fished areas typically occurs within hours (Ramsay et al. 1998, Bergmann et al. 2002) as they are attracted
to dead or damaged organisms. This influx of immigrants from neighbouring non-dredged areas might bias
the actual fishing effect by increasing the number of individuals inside the dredge tracks. It is advised that
for future gear trials taking place in study areas with heterogenous habitat and patchy or sparse fauna
abundance such as in this study, use techniques such as remote operated vehicle or a towed benthic sledge
equipped with high resolution video and/or digital stills camera. These techniques would be able to survey
larger sampling areas and obtain larger number of replicate transects within an hour or two of the fishing
disturbance, and are thus likely to result in more reliable and conclusive results about the dredging effect
on fauna depletion.

7.5 Economic feasibility assessment
Results highlight that skid dredges are more profitable than the standard dredge when catches of
marketable scallops are higher than that of the standard dredge. Skid dredges performed better than
standard dredges (profit-wise) because of increased catch efficiencies and reduced belly wear, rather than
because of reduced fuel consumptions. Initial observations suggest that the addition of skids almost
doubles ‘belly bag life’. Currently, the savings from the reduced maintenance costs of the belly bags are
outweighed by the costs of replacing skids every 1.5 months. In these calculations we have used the cost of
skids at £250, however assuming economy of scale the unit price for the skids can be substantially reduced
when the skids are ordered in bulk. Alternatively, steel with higher Brinell hardness could be used to slow
down wear, however, this is likely to increase the price of skids manufacture substantially. Initial results of
fuel consumption monitored by the RV Harmoni during business-as-usual commercial practice indicated
that fuel usage did not differ significantly between the skid and standard dredges. The addition of skids
increases the overall weight of the gear (each skid 27 kg), however this seems to be offset by a reduction in
drag as the dredge travels over the seabed which in turns means less engine power is needed to move the
skid dredges. These results will likely vary depending on the ground type and the weather in which a dredge
is being used (which will impact fuel and catch efficiency). It would therefore be advisable to undertaken
field trials to determine these variables on a variety of different groups and compare this to the wear of
gear which may change and thus alter the modelled wear and gear replacements used herein.
Furthermore, a future improvement is to look at lighter weight materials either for the skids or the belly
bag to provide fuel savings above and beyond this.
In addition to comparing the profitability of skid and standard dredges, we also compared profitability
between fishing with skid dredges at the start and the end of a six-month fishing season (i.e. six-month
fishery closure), and at different fishing grounds. Results provide interesting insights for fisheries
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management. Results showed important temporal differences in revenue projections with the start of the
season, showing considerably higher profitability than the end of the season, and also important spatial
differences in profitability as highlighted with the difference between the highly profitable IOM scallop
grounds compared to the Cardigan Bay grounds. It should be noted that although the monthly figures
reported when comparing the start versus the end of the scallop season are assumed to be representative
of the extremes of the year (the start and the end – i.e., first 2 months, versus last two months)
intermediate months will show varying levels of profitability, largely based on the total fishing effort
exerted on a ground. In the present study such data was not available, but it would be beneficial to collect
high-resolution (bi-weekly) data on profit margins across the year to look at how and to what extent profits
decrease as grounds become increasingly fished.
The increased profits seen at the start of the season is understandable and akin to the idea of leaving a field
fallow. In this case a period without fishing effort leaves a fishing ground time to “recover” from fishing
activity and thus scallop populations to also replenish themselves. It is difficult to determine whether this is
purely an effect driven by reduced take of scallops and / or by a potential increased benthic production
from the recovery of benthic fauna. Adapting fishing behaviors related to effort investment and time of
year / season will reap long-term benefits. However, these benefits will not necessarily equate to the
increased overall revenues compared to “normal” behavior that assumes the same effort throughout the
year. This is because to take advantage of the increased catches at the start of a season versus the end, a
fisher would need to reduce their effort accordingly as the season develops, so they are not expending
effort that exceeds returns in catch (they should not move past a break-even point). This would mean that
there would likely come a point in the season where the increased effort would no longer produce enough
returns to make the fishing profitable (or as profitable) to warrant fishing. This is all very well in theory, but
in many fishing operations, activity is maintained even at the break-even point in order to keep crew
employed over the long-term and maintain skilled labor on a vessel. To dive more deeply into this idea of
reducing fishing days to focus on high profit margins (but with resultant reduced overall revenues) more
detailed information would be needed on temporal patterns in CPUE as well as fixed versus variable costs
associated with the different fishing seasons.

7.6 Management considerations
Technical gear modifications are one of several management measures and industry actions that can be
taken to reduce impacts on target stocks and the environment. This study has shown that skid dredges
are a step forward in the evolution of lower impact scallop dredges. However, unless these are part of an
effective fisheries management system, any improvement in catch efficiency or environmental impact
from the modified gear will not necessarily lead to a reduction in the overall impact. In the absence of
appropriate fisheries management measures that promote economic and harvesting efficiency, fishing
becomes a frantic overcapitalized race for fish. The sessile nature of scallops makes them more
vulnerable to overfishing and can result in significant decreases in catch efficiency and profitability for the
industry. Input controls (such as licensing and effort management through marine protected areas,
rotational area closures or temporary closures, Territorial User Rights Fisheries - TURFs) and output
controls (such as quota) are part of a suite of management tools. None can be expected to be effective if
they are applied in isolation without a comprehensive management framework. The skid dredge
generally shows higher catch efficiency for marketable scallops, therefore if used under a quota-based
system there may be environmental benefits to using the skid dredge, as a reduced level of effort would
be required to catch the quota (McConnaughey et al. 2019).
72

The current variety and complexity of dredge gear specifications across UK devolved administrations
creates an overly complicated scene where gear innovation technology to create gear that is less intrusive
and therefore less damaging to the benthos is disincentivized. A simplification and harmonisation of
technical regulations on scallop gear used across the UK’s devolved administrations would go a long way to
avoid confusion and constraints on gear innovation linked to improving stock status and/or minimising
environmental footprint.
Scallop fisheries management has generally lagged behind other fisheries in the UK and industry reputation
continues to be affected by environmental impacts and ethical responsibility issues, leaving the Common
Fisheries Policy allows a re-prioritization of fisheries management. The 2018 Fisheries White Paper and the
Fisheries Act 2020 show the UK’s commitment to develop effective methods for sustainable management
of non-quota stocks.
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Supplementary material
Appendix A. Alternative gear design for king scallop

Figure A1. (A) Standard spring toothed dredge, (B) Hydrodredge has 4 rubber cups instead of teeth, (C) N-Virodredge
has sprung tines instead of teeth and tooth bar on skis, (D) Oban dredge has rubber matting instead of steel metal
rings for the collector bag.

Table A1. Summary of performance, in terms of (A) catch attributes, (B) acute environmental impact and (C)
Operational functionality, for each of the three alternative dredge designs currently existing for capturing king
scallops in the UK relative to the Newhaven dredge performance. Threshold values for the ideal alternative design are
provided in the last column (e.g. catch yield = more (or =) means that the catch yield of the alternative design is
higher or equal to that of the Newhaven dredge). Each alternative dredge design is marked against these thresholds;
green if the thresholds are met, red when thresholds are not met, = when the performance level of the alternative
and Newhaven are similar. NA implies that data is not available as this criterion has not been tested for that particular
dredge.
Performance
indicators

N-Virodredge 1

Oban dredge 2

Hydrodredge 3

Ideal design thresholds

=

Less

More (or =)

NA

NA

More (or =)

NA

=

Higher

Higher (or =)

Less scallops < MLS

=

NA

Less scallops < MLS

(A) Catch attributes
Catch efficiency
(kg/nm or indvs/nm)

= in hard bottoms
More in soft bottoms
= in soft bottoms
More in hard bottoms

Catch yield (kg/hr)
Quality of catch /
Catch welfare
Size selectivity

(B) Acute environmental impact
Species selectivity
(bycatch retained)

= although different species
retained

=

NA

Less (or =)

Bycatch numbers

=

=

NA

Less (or =)

Bycatch welfare

NA

=

Higher

Higher (or =)

Non-catch welfare (on
seabed)

NA

NA

NA

Higher (or =)

Energy / Fuel efficiency

12 – 30% reduction when
fished at low speed (~ 2.4 kt)

=

NA

Less (or =)

Lower

NA

Higher (or =)

Lower

NA

Lower or equal to 150 kg

(C) Operational functionality

Weight (kg)

Less for tines
Higher for belly bag
180

Gear cost

X 2 more expensive

More expensive

NA

Less (or =)

Less

Less

NA

Less (or =)

Durability

Stones & other
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inorganic matter
Maintenance of
dredges integrating
fuel saving
Legislation

10% cheaper provided tine's
life reaches 3 days

NA

NA

Less (or =)

Yes

Yes

No

Meets current UK legislation or
strong case for changing
legislation

Source
1. Filippi, T. (2013). Project N-Virodredge –Etude technique comparative entre la drague anglaise et la drague ecossaise N-Virodredge à partir de marées
commerciales et scientifiques. 56p
2. Catherall, C.L. and Kaiser, M.J. (2014). Review of king scallop dredge designs and impacts, legislation and potential conflicts with offshore wind farms. Fisheries
& Conservation Report No. 39, Bangor University. pp. 40., pers. comm. SEAFISH
3. Shephard, S., Goudey, C.A., Read, A., Kaiser, M.J., (2007). Hydrodredge: reducing the negative impacts of scallop dredging, Fisheries Research
doi:10.1016/j.fishres.2008.08.021
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Appendix B. WP 2 – Comparison of catch between LISIG and standard dredge

Figure B1. Correlation between the relative WPUA (lnRR) of scallop biomass and relative NPUA (lnRR) of
scallop numbers in all areas.

Figure B2. Bycatch composition of the skid and standard dredges in each of the four survey areas.
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Figure B3. The relative catch (response ratio (lnRR)) of WPUA, kg/ha ±95% CI) of different bycatch species
caught in the skid and standard dredges in each area. The species included in analysis were the dominant
species in each area (calculated as making up the top 80% of total catch by abundance) to reduce sampling
bias (missing small/encrusting individuals). The dashed horizontal line (lnRR = 0) represents equal catches
by WPUA of bycatch between skid and standard dredges. Positive RR values indicates higher WPUA of
bycatch in skid dredges compared to standard dredges, negative RR values indicates lower WPUA of
bycatch in skid dredges. Significant differences occur when the 95% CI overlaps lnRR = 0.
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Table B1. The estimated parameters, standard error, T and p values for the generalised linear model
describing the relationship between the environmental parameters and the relative catch (lnRR of WPUA,
kg/ha) of each class of bycatch in the Welsh survey. NAs are present where relative catch could not be
calculated as individuals were not recorded in the same tow in both the skid and standard dredge.

(Intercept)
Asteroidea
Cephalopoda
Chondrichthyes
Echinoidea
Malacostraca
Ophiuroidea
Actinopterygii:Depth
Asteroidea:Depth
Cephalopoda:Depth
Chondrichthyes:Depth
Echinoidea:Depth
Malacostraca:Depth
Ophiuroidea:Depth
Actinopterygii:debris
Asteroidea:debris
Cephalopoda:debris
Chondrichthyes:debris
Echinoidea:debris
Malacostraca:debris
Ophiuroidea:debris
Actinopterygii:stones
Asteroidea:stones
Cephalopoda:stones
Chondrichthyes:stones
Echinoidea:stones
Malacostraca:stones
Ophiuroidea:stones
Actinopterygii:WLshort
Asteroidea:WLshort
Cephalopoda:WLshort
Chondrichthyes:WLshort
Echinoidea:WLshort
Malacostraca:WLshort
Ophiuroidea:WLshort
Actinopterygii:Area
Asteroidea:Area
Cephalopoda:Area
Chondrichthyes:Area
Echinoidea:Area
Malacostraca:Area
Ophiuroidea:Area

Estimate
3.450e+01
-3.507e+01
-3.346e+01
-3.459e+01
-5.432e+01
-3.448e+01
-3.401e+01
-7.429e-01
-1.688e-03
NA
1.361e-02
5.077e-01
9.941e-03
4.266e-03
NA
3.087e-01
NA
-9.655e-02
-1.548e+00
-8.938e-02
-4.797e-01
NA
1.468e-04
NA
-6.542e-03
-1.531e-02
-3.692e-03
7.070e-03
NA
5.625e-02
NA
8.135e-01
3.738e+00
3.554e-01
-6.660e-01
NA
NA
NA
-9.037e-01
NA
6.030e-01
NA

Std. Error
1.405e+01
1.595e+01
1.413e+01
1.541e+01
1.331e+02
1.849e+01
1.811e+01
3.079e-01
1.575e-01
NA
1.678e-01
2.586e+00
3.475e-01
3.064e-01
NA
9.173e-01
NA
8.925e-01
3.621e+00
3.963e-01
3.003e+00
NA
1.402e-02
NA
1.847e-02
6.195e-02
1.588e-02
3.282e-02
NA
8.753e-01
NA
9.670e-01
2.345e+01
7.244e-01
1.424e+00
NA
NA
NA
2.016e+00
NA
4.227e+00
NA

t value
2.456
-2.199
-2.368
-2.245
-0.408
-1.865
-1.878
-2.413
-0.011
NA
0.081
0.196
0.029
0.014
NA
0.337
NA
-0.108
-0.427
-0.226
-0.160
NA
0.010
NA
-0.354
-0.247
-0.233
0.215
NA
0.064
NA
0.841
0.159
0.491
-0.468
NA
NA
NA
-0.448
NA
0.143
NA

Pr(>|t|)
0.0199*
0.0355*
0.0243*
0.0321*
0.6860
0.0716.
0.0698.
0.0219*
0.9915
NA
0.9359
0.8456
0.9774
0.9890
NA
0.7387
NA
0.9145
0.6720
0.8230
0.8741
NA
0.9917
NA
0.7255
0.8064
0.8177
0.8308
NA
0.9492
NA
0.4066
0.8744
0.6272
0.6432
NA
NA
NA
0.6571
NA
0.8875
NA
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Table B2. The estimated parameters, standard error, T and p values for the generalised linear model
describing the relationship between the environmental parameters and the relative catch (lnRR of WPUA,
kg/ha) of each class of bycatch in the Scottish survey. NAs are present where relative catch could not be
calculated as individuals were not recorded in the same tow in both the skid and standard dredge.

(Intercept)
Asteroidea
Bivalvia
Chondrichthyes
Echinoidea
Gastropoda
Malacostraca
Actinopterygii:Depth
Asteroidea:Depth
Bivalvia:Depth
Chondrichthyes:Depth
Echinoidea:Depth
Gastropoda:Depth
Malacostraca:Depth
Actinopterygii:debris
Asteroidea:debris
Bivalvia:debris
Chondrichthyes:debris
Echinoidea:debris
Gastropoda:debris
Malacostraca:debris
Actinopterygii:stones
Asteroidea:stones
Bivalvia:stones
Chondrichthyes:stones
Echinoidea:stones
Gastropoda:stones
Malacostraca:stones
Actinopterygii:Seastate
Asteroidea:Seastate
Bivalvia:Seastate
Chondrichthyes:Seastate
Echinoidea:Seastate
Gastropoda:Seastate
Malacostraca:Seastate
Actinopterygii:WLshort
Asteroidea:WLshort
Bivalvia:WLshort
Chondrichthyes:WLshort
Echinoidea:WLshort
Gastropoda:WLshort
Malacostraca:WLshort
Actinopterygii:Toothlength
Asteroidea:Toothlength
Bivalvia:Toothlength
Chondrichthyes:Toothlength

Estimate
7.147e+00
-4.632e-02
-6.672e+00
-3.120e+01
8.676e+00
-3.596e+01
-1.416e+01
-1.791e-03
-7.286e-03
NA
5.182e-01
-2.360e-01
6.243e-01
-5.842e-01
-8.883e-03
-3.692e-03
NA
5.445e-04
-1.935e-02
5.834e-02
-1.255e-02
-4.699e-03
-1.761e-04
NA
-3.376e-02
-5.096e-03
2.021e-03
1.718e-02
5.136e-01
-1.066e-02
NA
1.136e+00
-4.976e-01
NA
1.237e+00
-8.561e-01
-5.643e-01
NA
NA
3.494e-01
NA
-2.833e+00
-6.365e-01
-4.826e-01
NA
NA

Std. Error
8.068e+00
9.861e+00
8.125e+00
2.235e+01
1.121e+01
2.344e+01
1.613e+01
1.355e-01
4.581e-02
NA
4.258e-01
1.120e-01
5.011e-01
1.827e-01
7.916e-03
4.450e-03
NA
5.612e-02
2.590e-02
2.354e-02
1.011e-02
6.904e-03
1.671e-03
NA
1.201e-02
4.159e-03
8.923e-03
9.185e-03
4.220e-01
2.208e-01
NA
9.157e-01
5.827e-01
NA
8.753e-01
7.195e-01
4.291e-01
NA
NA
2.517e+00
NA
1.024e+00
3.542e-01
4.151e-01
NA
NA

t value
0.886
-0.005
-0.821
-1.396
0.774
-1.534
-0.878
-0.013
-0.159
NA
1.217
-2.108
1.246
-3.197
-1.122
-0.830
NA
0.010
-0.747
2.478
-1.241
-0.681
-0.105
NA
-2.811
-1.225
0.227
1.870
1.217
-0.048
NA
1.240
-0.854
NA
1.413
-1.190
-1.315
NA
NA
0.139
NA
-2.767
-1.797
-1.163
NA
NA

Pr(>|t|)
0.384889
0.996293
0.419975
0.176065
0.446709
0.138617
0.389230
0.989573
0.875033
NA
0.235926
0.046156*
0.225385
0.004006**
0.273399
0.415222
NA
0.992343
0.462623
0.020992*
0.227048
0.502962
0.916972
NA
0.009917**
0.232878
0.822785
0.074264.
0.235936
0.961893
NA
0.227315
0.401933
NA
0.171041
0.246201
0.201462
NA
NA
0.890781
NA
0.010964*
0.085477.
0.256888
NA
NA
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Echinoidea:Toothlength
Gastropoda:Toothlength
Malacostraca:Toothlength
Actinopterygii:Tidal_speed_seabed
Asteroidea:Tidal_speed_seabed
Bivalvia:Tidal_speed_seabed
Chondrichthyes:Tidal_speed_seabed
Echinoidea:Tidal_speed_seabed
Gastropoda:Tidal_speed_seabed
Malacostraca:Tidal_speed_seabed
Actinopterygii:Area
Asteroidea:Area
Bivalvia:Area
Chondrichthyes:Area
Echinoidea:Area
Gastropoda:Area
Malacostraca:Area

-2.953e-01
NA
2.616e+00
-1.785e+00
-4.603e+00
NA
NA
NA
NA
7.105e+00
-6.172e-01
2.852e-01
NA
NA
NA
NA
-5.662e-02

6.710e-01
NA
6.861e-01
2.909e+00
2.265e+00
NA
NA
NA
NA
3.734e+00
1.402e+00
7.283e-01
NA
NA
NA
NA
2.011e+00

-0.440
NA
3.812
-0.614
-2.032
NA
NA
NA
NA
1.903
-0.440
0.392
NA
NA
NA
NA
-0.028

0.663985
NA
0.000896***
0.545465
0.053869.
NA
NA
NA
NA
0.069634.
0.663836
0.698940
NA
NA
NA
NA
0.977781
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Figure B4. Bycatch species caught in scallop dredges during the survey campaigns in Scotland and Wales. (a) Scyliorhinus canicula, (b) Microstomus kitt, (c) Asterias
rubens, Crassoster papposus, Echinus esculentus, Luidia ciliaris, Pecten maximus, (d) Raja montagui, (e) Leucoraja naevus, (f) Raja clavata.
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Figure B4. Bycatch species caught in scallop dredges during the survey campaigns in Scotland and Wales. (g) Maja squinado mixed with stones, (h) Dipturus batis,
(i) Echinus eculentus.
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Figure B4. Bycatch species caught in scallop dredges during the survey campaigns in Scotland and Wales. (j) Cancer pagurus, (k) Pagurus bernhardus, (l) Necora
puber, (m) broken Echinus esculentus, (n) Asterias rubens, Cancer pagurus, Buccinum undatum, Porania pulvillus.
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Table B4. Species list for by-catch species caught in scallop dredges in Wales.
Species name
Ammodytes sp.
Callionymus lyra
Lophius sp.
Microstomus kitt
Pleuronecta platessa
Alcyonium digitatum
Anseropoda placenta
Asterias rubens
Astropecten irregularis
Crossaster papposus
Henricia oculata
Aequipecten opercularis
Glycymeris sp.
Mytilus edulis
Flustra sp.
Raja brachyura
Raja clavata
Raja montagui
Raja navaeus
Scyliorhinus canicula
Scyliorhinus stellaris
Antedon sp.
Echinus esculentus
Psammechinus miliaris
Aporrhais pespelecani
Buccinum undatum
Colus gracilis
Nucella lapillus
Cancer pagurus
Inachus sp.
Maja squinado
Pagurus bernhardus
Pagurus prideauxi
Xantho incisus
Ophiocomina nigra
Ophiothirx fragilis
Ophiura albida
Suberites sp. (?)

Class
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Anthozoa
Asteroidea
Asteroidea
Asteroidea
Asteroidea
Asteroidea
Bivalvia
Bivalvia
Bivalvia
Bryozoa
Chondrichthyes
Chondrichthyes
Chondrichthyes
Chondrichthyes
Chondrichthyes
Chondrichthyes
Crinoid
Echinoidea
Echinoidea
Gastropoda
Gastropoda
Gastropoda
Gastropoda
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Ophiuroidea
Ophiuroidea
Ophiuroidea
Poriphera
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Table B5. Species list for by-catch species caught in scallop dredges in Scotland.
Species name
Ammodytes sp.
Eutrigla gurnardus
Limanda limanda
Lophius piscatorus
Pleuronecta platessa
Scophthalmus rhombus
Zeus faber
Alcyonium digitatum
anemone
Ascidian
Anseropoda
Asterias rubens
Astropecten irregularis
Crossaster papposus
Hippasteria phrygiana
Luidia ciliaris
Porania pulvillus
Solaster endeca
Stichastrella rosea
Aequipecten opercularis
Arctica islandica
Bivalve 1
Bryozoa
Octopoda
Dipturus batis
Leucoraja naevus
Raja montagui
Scyliorhinus canicula
Echinus esculentus
Buccinum undatum
Colus sp.
Neptunea antiqua
nudibranch
hydroid
Atelecyclus rotundatus
Cancer pagurus
Homarus gammarus
Liocarcinus depurator
Macropodia tenuirostris
Munida rugosa
Necora puber
Pagurus bernhardus
Pagurus prideauxi
Ophiothrix sp.
Ophiura ophiura

Class
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Anthozoa
Anthozoa
Ascidiacea
Asteroidea
Asteroidea
Asteroidea
Asteroidea
Asteroidea
Asteroidea
Asteroidea
Asteroidea
Asteroidea
Bivalvia
Bivalvia
Bivalvia
Bryozoa
Cephalopoda
Chondrichthyes
Chondrichthyes
Chondrichthyes
Chondrichthyes
Echinoidea
Gastropoda
Gastropoda
Gastropoda
Gastropoda
Hydrozoa
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Ophiuroidea
Ophiuroidea
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Appendix C. WP 4 – Acute environmental impact of the LISIG gear: Comparison of epibenthic fauna depletion and damage for the two gear types

Skid dredge Tow 1 (ground composition: 85% shelly muddy sand, 15% boulder
(30 – 50 cm)

Skid dredge Tow 2 (ground composition: 99% muddy sand, 1% cobbles)

Skid dredge control Tow 1 (ground composition: 40% shelly muddy sand, 60%
boulders (30 – 50 cm)

Skid dredge control Tow 2 (ground composition: 96% muddy sand, 3% cobbles, 89
1% boulders)

Photo for Skid dredge control Tow 3 is not available

Skid dredge Tow 3 (ground composition: 98% muddy sand, 2% cobbles)
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Skid dredge Tow 4 (ground composition: 70% gravel, 25% gravelly muddy sand, 2%
pebbles, 1% cobbles, 2% boulders)

Skid dredge control Tow 4 (ground composition: 60% gravel, 30% muddy medium
sand, 10% cobbles)

Skid dredge Tow 5 (ground composition: 40% cobbles, 30% muddy sand, 20%
boulders, 10% pebbles, 10% red algae)

Skid dredge control Tow 5 (ground composition: 50% gravel, 25% red algae, 20%
cobbles, 15% muddy medium sand, 10% pebbles, 5% boulders)

Photo for Skid dredge Tow 6 is not available
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Skid dredge control Tow 6 (ground composition: 100% medium sand with shell debris)

Photo for Skid dredge control Tow 7 is not available

Skid dredge Tow 7 (ground composition: 95% medium sand with shell debris, 3%
gravel, 2% muddy sand)

Photo for Skid dredge control Tow 8 is not available
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Skid dredge Tow 8 (ground composition: 40% gravel, 40% muddy sand, 10% pebbles,
10% cobbles)

Photo for Standard dredge Tow 1 is not available

Standard dredge Control Tow 1 (ground composition: 97% shelly muddy sand, 2%
boulders, 1% cobbles)

Standard dredge Tow 2 (ground composition: 99% shelly muddy sand, 1% cobbles)

Standard dredge Control Tow 2 (ground composition: 97% shelly muddy sand, 2%
93
boulders, 1% cobbles)

Photo for Standard dredge control Tow 3 is not available

Standard dredge Tow 3 (ground composition: 97% muddy sand, 3% cobbles)

Standard dredge Tow 4 (ground composition: 85% muddy sand, 15% pebbles)

Standard dredge Control Tow 4 (ground composition: 80% cobbles, 15% gravel)
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Photo for Standard dredge control Tow 5 is not available

Standard dredge Tow 5 (ground composition: 80% cobbles, 10% gravelly muddy
sand, 10% boulders)

Photo for Standard dredge control Tow 6 is not available

Standard dredge Tow 6 (ground composition: 100% medium sand with shell
debris)
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Photo for Standard dredge control Tow 7 is not available

Standard dredge Tow 7 (ground composition: 95% medium sand with shell
debris, 5% gravel)

Photo for Standard dredge control Tow 8 is not available

Standard dredge Tow 8 (ground composition: 60% gravel, 40% pebbles)
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Table C1. Sediment composition for each of the 32 diver transects surveyed in the inner Moray Firth. St: Standard dredge, StC: control for standard dredge, Sk: Skid
dredge, SkC: control for skid dredge. Number behind abbreviation indicates a different station (8 stations with 4 transects each, St, StC, Sk, SkC).
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Cobbles
pebbles
Gravel
Gravelly muddy
sand
Gravelly sand
Medium sand
with shell debris
Shelly muddy sand
muddy sand
muddy fine sand
muddy medium
sand
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Figure C1. Proportion of individuals of epibenthic species found for each of 4 damage scores (1 =
negligible damage, 2 = low damage, 3 = medium damage, 4 = high damage) for organisms left in
the dredge track for each of the 8 transects fished using skid and standard dredge. Transects 1, 2, 3,
6, 7 are from soft sediment areas, transects 4, 5, 8 are from mixed sediment areas. White gaps
indicate that the taxon group was not recorded in that transect.
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Appendix D. WP 5 – Economic feasibility assessment
Table D1. Trip-level data on scallop landings, fishing effort, fuel usage and fuel efficiency for 21 trips carried between March and December 2021. Three trips using
standard dredge gear, 16 trips using skid dredges. In Wales the fishing season for scallops runs between 1 Nov – 31 April and in the Isle of Man between the 1 Nov
and 30 May. The total landing value (£/trip) was calculated assuming a fixed price of £10.71 per kg of scallop meat. Data on catch landings (marked in orange)
were obtained by seafood processor company.

Trip 1
Trip 2
Trip 3
Trip 4
Trip 5
Trip 6
Trip 7
Trip 8
Trip 9
Trip 10
Trip 11
Trip 12
Trip 13
Trip 14
Trip 15
Trip 16
Trip 17
Trip 18
Trip 19
Trip 20
Trip 21

Gear type

Location

Scallop
dredging
season

Month

Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Skid
Standard
Standard
Standard

Wales
Wales
Wales
Isle of Man
Isle of Man
Isle of Man
Isle of Man
Isle of Man
Isle of Man
Isle of Man
Isle of Man
Wales
Wales
Wales
Wales
Wales
Wales
Wales
Wales
Wales
Wales

End
End
End
End
End
End
End
End
End
End
End
Start
Start
Start
Start
Start
Start
Start
End
End
End

Apr-21
Apr-21
May-21
May-21
May-21
May-21
May-21
May-21
May-21
May-21
May-21
Nov-21
Nov-21
Nov-21
Nov-21
Dec-21
Dec-21
Dec-21
Mar-21
Mar-21
Mar-21

total
Average
total
number of
Seastate
number of hours
(Beaufort
transects
fishing
scale)
(hrs)

2.71
2.73
4.3
2.5
2.5
4
4
2.5
4
2.5
4
3.5
4.5
4
4.8
3.8
2.6
3.2
2.5
3.5
3.8

42
26
30
8
7
10
10
9
9
10
8
31
20
31
22
24
22
20
33
37
29

78.39
49.23
53.23
7.78
6.631
9.43
9.88
8.93
8.75
8.05
8.03
55.6
34
55.3
39.7
44.6
37.4
33.6
57.5
62.86
54.91

total Fuel
total
used
number of
whilst
bags
gear is
landed
fishing
per trip
(ltrs)

2601
1525
1767.7
255.5
178
320
284.9
250.3
253.3
225.6
233.6
1803.8
1148.3
1834.8
1326.6
1463.5
1204.2
1053.85
1764
2018
1670

166
125.5
105
26
24
26
nd
49
26
26
nd
278.5
161
271
180
212
141
173
137
138
142

Av bag
weight
(kg)

total
weight of
scallops
landed
(kg) per
trip (kg /
trip)

% meat
yield

24.8
24.39
26.78
27.36
27.16
26.95
nd
26.82
28.65
27.8
nd
29.77
29.2
28.87
29.18
29.06
29.87
28.57
26.43
27.1
26.3

4116.8
3060.945
2811.9
711.36
651.84
700.7
nd
1314.18
744.9
722.8
nd
8290.945
4701.2
7823.77
5252.4
6160.72
4211.67
4942.61
3620.91
3739.8
3734.6

13.9
12.81
12.71
15.77
15.49
15.6
nd
16.63
16.45
16.99
nd
14.44
14.44
16.29
16.93
17.09
16.48
17.26
16.5
14
13.73

Fuel
total
burned
weight of
Total
per 10 kg
Total
Fuel
scallop
Total
landing
of scallop landing
consumpti
meat
landing value per
meat
value per
on per
landed value (£ / fishing
landed
litre of
trip
(kg) per
trip)
hour (£ /
(ltrs /
fuel (£ /
(ltrs/hr)
trip (kg /
hr)
10kg
ltr)
trip)
scallop
meat)
572.7
391.56
357
112.32
101.04
109.2
nd
218.54
122.46
122.98
nd
1175.27
679.42
1273.7
889.2
1053.64
693.72
852.89
598.69
523.02
512.62

£6,134
£4,194
£3,824
£1,203
£1,082
£1,170
nd
£2,341
£1,312
£1,317
nd
£12,588
£7,277
£13,642
£9,524
£11,285
£7,430
£9,135
£6,412
£5,602
£5,490

£78.25
£85.19
£71.83
£154.63
£163.20
£124.03
nd
£262.11
£149.90
£163.62
nd
£226.40
£214.03
£246.69
£239.89
£253.03
£198.67
£271.87
£111.52
£89.12
£99.99

33.18
30.98
33.21
32.84
26.84
33.93
28.84
28.03
28.95
28.02
29.09
32.44
33.77
33.18
33.42
32.81
32.20
31.36
30.68
32.10
30.41

45.42
38.95
49.52
22.75
17.62
29.30
nd
11.45
20.68
18.34
nd
15.35
16.90
14.41
14.92
13.89
17.36
12.36
29.46
38.58
32.58

£2.36
£2.75
£2.16
£4.71
£6.08
£3.65
nd
£9.35
£5.18
£5.84
nd
£6.98
£6.34
£7.44
£7.18
£7.71
£6.17
£8.67
£3.64
£2.78
£3.29
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