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A Interview Forms 

A.1 Margate and Long Sands 

Interview date: 
Location: 
Interviewer: 
 
Contact details (for data verification, to provide feedback on the project) 
 

Name:  

Address:  

Tel:  

Email:  

 
Individual details 
 

Are you a …  Vessel Owner   Y   N Skipper   Y   N Other (specify) 

Years fishing in local area: Age: PO?: 

Fishermen’s Association?: 

 
Fishing vessel details 
 

Vessel name: 
 

PLN: PLN changed in last 5 years?  Y  N  

Years fishing with this vessel: 
 

Vessel length (m): Vessel power (kW): 

Home port: 
 

Main landing port(s): 

Main gear used*: 
 

Secondary gear used: Other gear(s) used: 

Notes: 
 

*for gears, include brief description e.g. number of rigs 
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Activity details 
 

Main target species with each gear: 
Gear 1: 
 

Gear 2: Gear 3: 

Number of days fishing per year, per gear: 
Gear 1: 
 

Gear 2: Gear 3: 

Number of days fishing in Margate and Longsands SAC area per gear: 
Gear 1: 
 

Gear 2: Gear 3: 

Length of fishing trip (hours): 
Gear 1: 
 

Gear 2: Gear 3: 

Notes: 
 
 
Gear details (focussing on otter trawl in Margate and Longsands SAC) 
 

If other gear described, please specify:______________________________________________________ 
 

Number of hours fished per day 
(same as above?): 
 

Typical towing speed (over 
ground): 

Typical duration of each tow: 
 

Typical time between hauls (i.e. 
hauling, clearing and 
redeploying gear): 
 

Typical number of tows per 24 
hours: 

Footrope length: 

Footrope type 
(bobbins, discs, balls, 
etc), and material: 
 

Diameter: Width: Distance between 
bobbins, discs, balls, 
etc.: 
 

Number and size of 
spacers? 
 
 

Chain/rope through 
discs, and size/weight: 
 
 

Chain droppers/ticklers 
used between 
bobbins/discs? 

If sweeps used - 
length?: 
 

Door type: 
 
 

Distance between 
doors when fishing: 

Door dimensions (e.g. 
shoe length): 
 

Door weight: 

If use skids, how many? 
 
 

Skid size (length, width): Skid weight: 

Twine material:  
 
 

Twine diameter: Number of meshes: Length of net (m): 

Notes: 
 
 
Comments on level of benthic impact from gear? Ideas for potential gear modifications to reduce 
impacts?: 
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Fishing areas 
1. Indicate the areas fished with otter trawl gear (current / last 5 years) – on paper maps or using 

ArcGIS 
2. Record gear, seasonality in table below. For importance, a measure of the proportion of time 

fishing in each area, or number of days fishing in each area per year, would be helpful. 
 
Indicate the seasons fished and importance (days?) per polygon: 
Poly-
gon 

Gear(s) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Importance 

(%)* 
Comments/Notes 

 
 
 

 
            

  

 
 
 

 
            

  

 
 
 

 
            

  

 
 
 

 
            

  

 
 
 

 
            

  

 
 
 

 
            

  

 
 
 

 
            

  

 
 
 

 
            

  

*Indicate importance of each polygon in terms of % of time fishing, or number of days fishing in 
Margate and Longsands SAC with otter trawl gear 
 
Plotter data 
If possible, provide access to plotter data for fishing areas – discuss different areas shown on plotter, 
understand which are steaming vs fishing, which gears used, check whether all data on plotter relate 
to this vessel/skipper/owner. Also seek information on location of ‘fasts’, and area avoided around 
fasts. 
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A.2 The Wash and North Norfolk Coast 

Interview date: 
Location: 
Interviewer: 
 
Contact details (for data verification, to provide feedback on the project) 
 

Name:  

Address:  

Tel:  

Email:  
 
Individual details 
 

Are you a …  Vessel Owner   Y   N Skipper   Y   N Other (specify) 

Years fishing in local area: Age: PO?: 

Fishermen’s Association?: 

 
Fishing vessel details 
 

Vessel name: 
 

PLN: PLN changed in last 5 years?  Y  N  

Years fishing with this vessel: 
 

Vessel length (m): Vessel power (kW): 

Home port: 
 

Main landing port(s): 

Main gear used*: 
 

Secondary gear used: Other gear(s) used: 

Notes: 
 

*for gears, include brief description e.g. number of rigs 
 
Activity details 
 

Main target species with each gear: 
Gear 1: 
 

Gear 2: Gear 3: 

Number of days fishing per year, per gear: 
Gear 1: 
 

Gear 2: Gear 3: 

Number of days fishing in The Wash &North Norfolk Coast SAC area per gear: 
Gear 1: 
 

Gear 2: Gear 3: 

Length of fishing trip (hours): 
Gear 1: 
 

Gear 2: Gear 3: 

Notes: 
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Gear details (focussing on shrimp trawl in The Wash and North Norfolk Coast SAC) 
 

If other gear described, please specify:______________________________________________________ 
 

Number of hours fished per day 
(same as above?): 
 

Typical towing speed (over 
ground): 

Typical duration of each tow: 
 

Typical time between hauls  
(i.e. hauling, clearing and 
redeploying gear): 

Typical number of tows per 24 
hours: 

Beam length: Number of 
beams? 

Beam material: 
 

Weight of each beam (& 
ancillary gear?) in air (or in 
water?) 

 

Tickler chains/mat used?  
 

Type / number Size, Weight 

Pulse gear used? 
 

If yes…Contact area on 
nose shoe? 
 

Number of electrodes? Weight of electrodes 
plus generator? 

Footrope type bobbins, 
discs, balls, etc), 
number and material: 

Diameter (of bobbins): Width: Distance between 
bobbins, discs, balls, 
etc.: 

Chain/rope used through discs, and size/weight: 
 
 

Chain droppers/ticklers used between 
bobbins/discs? 

Shoe/roller type and material: Shoe/roller dimensions (e.g. 
length, width), and number: 
 

Shoe/roller weight (each): 

Twine material:  
 
 

Twine diameter: Number of meshes: Length of net (m): 

Notes: 
 
 
 
 
 
 
 
Comments on level of benthic impact from gear? Ideas for potential gear modifications to reduce 
impacts?: 
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Fishing areas 
1. Indicate the areas fished with shrimp gear (current / last 5 years) – on paper maps or using 

ArcGIS 
2. Record gear, seasonality in table below. For importance, a measure of the proportion of time 

fishing in each area, or number of days fishing in each area per year, would be helpful. 
 
Indicate the seasons fished and importance (days?) per polygon: 
Poly-
gon 

Gear(s) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Importance 

(%)* 
Comments/Notes 

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

*Indicate importance of each polygon in terms of % of time fishing, or number of days fishing Wash 
SAC / IDRBNR SAC with otter trawl gear 
 
Plotter data 
If possible, provide access to plotter data for fishing areas and fasts – discuss different areas shown on 
plotter, understand which are steaming vs fishing, which gears used, check whether all data on plotter 
relate to this vessel/skipper/owner. Also seek information on location of ‘fasts’, and area avoided 
around fasts. 
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A.3 North Norfolk Sandbanks and Saturn Reef 

Interview date: 
Location: 
Interviewer: 
 
Contact details (for data verification, to provide feedback on the project) 
 

Name:  

Address:  

Tel:  

Email:  
 
Individual details 
 

Are you a …  Vessel Owner   Y   N Skipper   Y   N Other (specify) 

Years fishing in area: Age: PO?: 

Fishermen’s Association?: 

 
Fishing vessel details 
 

Vessel name: PLN: PLN changed in last 5 years?  Y  N  

CFR no:   

Years fishing with this vessel: Vessel length (m): Vessel power (kW): 

Home port: Main landing port(s): 

Main gear used*: 
 

Secondary gear used: Other gear(s) used: 

Notes: 
 

*for gears, include brief description e.g. number of rigs 
 
Activity details 
 

Main target species with each gear: 
Gear 1: 
 

Gear 2: Gear 3: 

Number of days fishing per year, per gear: 
Gear 1: 
 

Gear 2: Gear 3: 

Number of days fishing in North Norfolk Sandbanks and Saturn Reef area per gear: 
Gear 1: 
 

Gear 2: Gear 3: 

Length of fishing trip (days): 
Gear 1: 
 

Gear 2: Gear 3: 

Notes: NNSSR = ICES 35F1, 35F2, 36F1, 36F2, (34F2) 
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Gear details (focussing on (beam/pulse) trawling in North Norfolk Sandbanks and Saturn Reef 
SAC) 
 

If other gear described, please specify:______________________________________________________ 
 

Number of hours fished per day: 
 

Typical towing speed (over 
ground): 
 

Typical duration of each tow: 
 

Typical time between hauls (i.e. hauling, clearing 
and redeploying gear): 
 

Typical number of tows per 24 hours: 
 
 

Beam type 
(beam/wing/seawing): 
 

Length: Number of beams/wings: 

Beam material: 
 

Weight of each beam (& 
ancillary gear?) in air: 
 

Notes 

Tickler chains/mat used?  
 
 

Type / number: Size, Weight: 

Pulse gear used? 
 
 

Contact area on nose 
shoe? 
 

Number of electrodes? Weight of electrodes 
plus generator? 

Footrope type 
(bobbins, discs, balls, 
etc), number and 
material: 
 

Diameter (of bobbins): Width: Distance between 
bobbins, discs, balls, 
etc.: 
 

Chain/rope used through discs, and size/weight: 
 

[Chain droppers/ticklers used between discs?] 

Shoe/roller type and material: Shoe/roller dimensions (e.g. 
length, width), and number: 
 

Shoe/roller weight (each): 

Twine material:  
 

Twine diameter: Number of meshes: Length of net (m): 

Notes: 
 
 
 
 
 
Comments on level of benthic impact from gear? Ideas for potential gear modifications to reduce 
impacts?: 
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Fishing areas 

1. Discuss VMS ping data and whether it represents fishing areas well or not 
2. Record gear, seasonality in table below. For importance, a measure of the proportion of time 

fishing in each area, or number of days fishing in each area per year, would be helpful. 
 
Indicate the seasons fished and importance (days?) per polygon: 
Poly-
gon 

Gear(s) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Importance 

(%)* 
Comments/Notes 

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

 
 

 
            

  

*Indicate importance of each polygon in terms of % of time fishing, or number of days fishing Wash 
SAC / IDRBNR SAC with otter trawl gear 
 
Plotter data: 
Compare VMS pings with plotter data – do they indicate similar areas? Compare with FIMS plotter 
info. 
If possible, provide access to plotter data for fishing areas and fasts – discuss different areas shown on 
plotter, understand which are steaming vs fishing, which gears used, check whether all data on plotter 
relate to this vessel/skipper/owner. Also seek information on location of ‘fasts’, and area avoided 
around fasts. 
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B Modelling of Physical Impacts of Fishing 
Gears 

Author: Barry O’Neill, Marine Scotland Science 

 
This work has been prepared at the request of ABPmer and Ichthys Marine Ecological Consulting Ltd. 
for the National Federation of Fishermen’s Organisations (NFFO) in the UK.  Modelling of the physical 
impacts of gears is presented for trawl gears in Margate and Long Sands SCI, The Wash and North 
Norfolk Coast SAC, and North Norfolk Sandbanks and Saturn Reef SCI. 

B.1 The Physical Impact of Trawl Gears on Margate and Long 
Sands SCI  

B.1.1 The Margate and Long Sands SCI 

The Margate and Long Sands SCI is located to the north of the Thanet coast, extending in a north 
eastern direction to the outer reaches of the Thames Estuary (Natural England, 2012), has a surface 
area of 649 km2 and comprises a large number of sandbanks (see Figure B1). 
 
The designated conservation feature of the site is subtidal sandbanks which are slightly covered by 
seawater all the time. 
 
The sandbanks are well sorted sandy sediments which get muddier and more gravelly in the troughs. 
The crest of the banks are characterised by species-poor fauna associated with mobile sand 
environments such as polychaetes and amphipods (Natural England, 2012). The troughs and banks are 
more diverse with crustaceans, molluscs and echinoderms present. 
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Figure B1. The Margate and Long Sands SCI 
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B.1.2 Fishing activities 

A range of fishing activities takes place in the site including otter trawling, gillnetting, and some beam 
trawling. This report focuses on otter trawling, in which vessels use either single rig nets with sweeps 
for targeting cod and bass or triple rig nets without sweeps for targeting sole. 
 
Demersal otter trawls (Figure B2) are towed across the seabed and consist of several components 
some of which are in direct contact with the seabed. The otter door is designed to hydrodynamically 
spread the mouth of a trawl and to have sufficient weight to ensure that the trawl gear maintains 
contact with the seabed; the bridles/sweeps join the doors to the trawl net and can herd some species 
of fish into the trawl mouth; the groundgear is attached to the footrope of the trawl and both protects 
the net from the seabed and ensures the gear fishes close to the seabed. Furthermore, on multi-rig 
gears clump weights or skids are used to distribute the towing force of the towing warps between the 
gears and also to ensure that the gears maintain contact with the seabed. 
 

 

Figure B2. Single and triple trawl gears similar to the ones fished in Margate and Long Sands 

 
The typical dimensions of the single and triple rig gears used in the Margate and Long Sands SCI are 
presented in Table B1. Figure B3 demonstrates that the overall swept areas are similar but there are 
differences when we consider things at the level of gear component. The sweeps make up 
approximately 60% of the swept area of the single rig, whereas approximately 85% of the swept area 
of the triple rig is that of the groundgear. The groundgears are light and those of the single rig are 
predominantly made up from rope and chain while those of the triple rig are rubber discs and chain. 
There are also differences in the towing speeds at which the gears are towed and the single rig is 
towed at approximately 2.9 knots (1.5 ms-1) and the triple rig at approximately 1.5 knots (0.7 ms-1). 
 
Here we examine the physical impact of the individual components that are in contact with or close to 
the seabed.  In particular we estimate the amount of sediment they mobilise and the extent to which 
they penetrate the sea bed. 

B.1.3 Sediment mobilised 

To estimate the amount of sediment mobilised by a typical fishing gear we use the results of O’Neill 
and Summerbell (2011). These authors demonstrate that the amount of sediment put into the water 
column by fishing gear components towed across the seabed is related to the hydrodynamic drag of 
the component and the type of sediment over which it is towed. In summary, they show that as the 
hydrodynamic drag increases and as the sediment becomes finer, the amount of sediment mobilised 
increases. O’Neill and Ivanović (2015) update this relationship to take into account the silt fraction of 
the sediment on which the component is towed and express m, the mass of sediment put into the 
water column per m2 swept, as a function of the silt fraction (% of sediment < 63 μm) and the 
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hydrodynamic drag per metre width of the gear component (Nm-1). Here we use their approach to 
estimate the amount of sediment mobilized by the doors, sweeps, groundgears, skids and lower 
netting panels of the Margate and Long Sands trawl gears. This approach was used by Depestele et al. 
(2015) to estimate the sediment mobilized behind beam trawls, the results of which compared very 
well with experimentally measured values. 
 

 

Figure B3. A schematic of the typical single and triple rigs used in Margate and Long Sands 

Trawl doors 

We estimate the hydrodynamic drag coefficient of the doors to be 0.95.  Ivanović et al. (2011) use such 
a value and it is also consistent with the values obtained for rectangular plates presented by Hoerner 
(1965) and those obtained by Ward and Strickland (1988). 

Sweeps, groundgears and skids 

The hydrodynamic drag of the sweeps, groundgears and skids are estimated from experiments on 
similar shaped objects compiled by Hoerner (1965) and used successfully by Depestele et al. (2015). 

Netting panel 

To estimate the contribution the netting makes to the sediment mobilisation we assume that only the 
turbulence associated with the hydrodynamic drag of the lower netting panels is important. The 
hydrodynamic drag of these netting panels is calculated from Reid (1977). Again the approach was 
used successfully by Depestele et al. (2015). 
 
The resulting hydrodynamic drag estimates of the components of the single rig towed at 2.9 knots 
(1.5 ms-1) and those of the triple rig towed at 1.5 knots (0.7 ms-1) are presented in Table B2. 
 
 



Supporting Risk-Based Assessments of Fisheries in MPAs    National Federation of Fishermen’s Organisations 

ABPmer, December 2015, R.2551  | B5 

B.1.4 Penetration depth 

To estimate the penetration depth we use the results of a number of studies and present the results in 
Table B3. 

Trawl doors 

Ivanović et al. (2011) present experimental results from sea trials and numerical results from a 
simulation model of the impact a trawl door makes on both sand and muddy sand. The weight of the 
doors used in their study was 4.4 kN and the dimensions of the door shoe were 1.83 m in length and 
0.17 m in width. This results in a pressure force on the seabed of approximately 14.1kNm-2. The weight 
and dimensions of the doors used by the single and triple rigs indicate that they exert pressure forces 
of 10.5 and 12.2 kNm-2 respectively. Ivanović and O’Neill (2015) demonstrate that, for a given 
sediment type, the penetration depth is dependent on the pressure force. Hence, the single and triple 
rig doors of the Margate and Long Sands trawls will penetrate a similar amount as that in the study of 
Ivanović et al. (2011) which on sand was about 3–4 cm and on muddy sand was about 5–6 cm. 

Skids 

The output from numerical models of the type used by Ivanović et al. (2011) and Esmaeili and Ivanović 
(2014) are used to estimate the penetration of plates (skids, beam trawl shoes) being towed across the 
sea bed. Depestele et al. (2015) employed a similar approach and found good agreement between the 
measured impact of a tickler beam trawl and a pulse trawl and the results of the numerical models. 
Here we interpolate through the numerically generated values for a sandy sediment to estimate that 
the penetration depth of the triple rig skids, which have a pressure force of approximately 3.1 kNm-2, 
is about 6 mm.  Values for penetration depth for the skids on muddy sand are not reported as models 
were not available for this gear component on this sediment type, however, it is likely to be slightly 
greater (of the order of a few millimetres) than the penetration on sand.   
 

Groundgear and footrope 

Depestele et al. (2015) also carried out simulations for 14 cm disc ground gears and ropes and showed 
that over a range of typical ground gear weights the penetration into sandy sediment is between 
3 and 4mm. The groundgears of the Margate and Long Sands trawls are similar in weight and 
dimension and are likely to have a similar impact on the seabed.  Penetration depth for the ground 
gear on muddy sand are not reported as models were not available for this gear component on this 
sediment type, however, it is likely to be slightly greater (of the order of a few millimetres) than the 
penetration on sand.   
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Table B1. Typical dimensions and weights of the trawl gears used in Margate and Long Sands 

Vessel 
Length (m) 

Vessel 
Power 

Footrope 
Length 

Ground 
Gear 

Sweep 
Length 
(m) 

Door Type 
Door Size 
(l x h) (m2) 

Door 
Weight 
(kg) 

Door 
Spread (m) 

Skid Size (l x 
w) (m2) 

Clump 
Weight 

Net 
Material 

Towing 
Speed 
(Knots) 

Average or ‘typical’ values for Single Rig 

9.8 135 17.3 
Rope and 
chain 

34 No typical 1.5 x 1.05 80 22.5 N/A N/A Nylon 2mm 2.9 

Average or ‘typical’ values for Triple Rig 

10.3 151 33 
Discs and 
chain 

None Wooden 1.7 x 1.2 106 21 0.75 x 0.25 60 kg Nylon 2mm 1.4 

Source:  Interviews with under-15m skippers 
 

Table B2. The sediment mobilised behind the gear components in contact with the seabed of a single rig towed at 2.9 knots (1.5 ms-1) and of a 
triple rig towed at 1.5 knots (0.7 ms-1) 

Gear 
Component 

Swept Width 
(m) 

Hydrodynamic Drag (N) 
Number of 
Components 

Sediment Mobilised Behind Each Component 
(by mass (kg/m) or Equivalent Sediment Layer Across Swept Area (mm/m)) 

(N) 
Per metre swept 
(N/m) 

(kg/m) (mm) (kg/m) (mm) (kg/m) (mm) (kg/m) (mm) 
Silt fraction 

2% 5% 10% 20% 
Single Rig @ 2.9 knots 
Door 0.9 1772 1956 2 2.5 1.8 3.3 2.4 4.5 3.3 6.9 5.1 
Sweep 7.0 26 3.7 2 0.4 0.0 1.0 0.1 1.9 0.2 3.8 0.3 
Groundgear 8.5 323 38 1 0.9 0.1 1.7 0.1 3.0 0.2 5.7 0.4 
Net 8.5 1062 124 1 2.0 0.1 3.1 0.2 4.9 0.4 8.5 0.6 
Whole Gear     8.7 0.3 13.2 0.4 20.7 0.6 35.6 1.0 
Triple Rig @ 1.5 knots 
Door 1.0 529 542 2 0.8 0.5 1.1 0.7 1.6 1.0 2.5 1.6 
Groundgear 6.7 70 11 3 0.5 0.0 1.0 0.1 1.9 0.2 3.8 0.4 
Net 6.7 434 65 3 1.0 0.1 1.7 0.2 2.8 0.3 5.2 0.5 
Skid 0.25 100 401 2 0.2 0.4 0.2 0.6 0.3 0.8 0.5 1.3 
Whole Gear     6.3 0.2 10.7 0.3 18.1 0.5 32.9 1.0 
The estimates presented are for the total weight mobilised behind a given component per metre towed and the depth of the equivalent sediment layer in the swept area of the component, for 
sediments with four different levels of silt content. 
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Table B3. The penetration depth of the gear components in contact with the seabed of 
typical single rig and triple rig trawls in Margate and Long Sands 

Gear Component 
Swept Width 
(m) 

Number of 
Components 

Penetration Depth (mm) 
Sand Muddy Sand 

Single Rig 
Door 0.9 2 40 55 
Sweep 7 2 1 1 
Groundgear 8.5 1 2  
Whole Gear   4.5 7.1 
Triple Rig 
Door 1 2 40 55 
Groundgear 6.7 3 2  
Skid 0.25 2 6  
Whole Gear   5.4 9.4 
The whole gear value is the average across the swept width of the gear. 

B.1.5 Summary 

Figure B4 summarises the penetration depth and sediment mobilisation results for the single and 
triple rig on sand, the predominant substrate in Margate and Long Sands.  The grey lines represent 
the depth of penetration (mm) of the gears across their swept path and the red lines the quantity of 
sediment mobilised into the water column (measured in terms of the equivalent sediment depth in 
mm). 

 

Figure B4. The penetration depth and quantity of sediment mobilised behind the gear 
components of the single and triple trawls fished in Margate and Long Sands 

 
The physical impact of both single and triple rigs is very similar (as can also be seen from the average 
values. The analysis identifies clearly that the impacts need to be considered at the gear component 
level and it is the trawl doors in each case which have the most impact (they penetrate most and 
mobilise the most sediment) but only over a narrow strip of the total area swept. The groundgears 
have the next largest impact. These are an order of magnitude less than those of the doors but act 
over a much larger proportion of the swept width. 
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B.2 The Physical Impact of Brown Shrimp trawling in the 
Wash and North Norfolk Coast SAC 

B.2.1 Fishing activities 

The majority of brown shrimp fishing vessels use twin beam trawls (Figure B5).  Each net is fished from 
an outrigger boom, one each side of the vessel and towed from here on a single warp shackled to a 
three chain bridle attached directly to the beam which holds open the mouth of the trawl. The beam is 
6–8 m in length (but they can be smaller depending on vessel size), is constructed from steel tube and 
supported on each side by beam shoes (75 cm in length and 24 cm wide) which slide over the sea 
bottom. 
 

 
 

Figure B5. The twin beam trawls characteristic of the brown shrimp fishery 

 
The groundgear is typically about 9 m long and comprises chain link with 20 cm diameter and 10 cm 
wide rubber rollers fitted about every 30 cm apart.  The netting mesh size is 20 mm (inside mesh) and 
made from ~1.5 mm diameter twine.  
 
The typical specification is presented in Table B4 and Figure B6 portrays the overall swept area where 
in this example it is assumed the trawls are set 10 m apart. The towing speed is on average 
approximately 2.8 knots. 
 
Here we examine the physical impact of the individual components that are in contact with or close to 
the seabed.  In particular we estimate the amount of sediment they mobilise and the extent to which 
they penetrate the sea bed. 

B.2.2 Sediment mobilised 

To estimate the amount of sediment mobilised by a typical fishing gear we use the results of O’Neill 
and Summerbell (2011). These authors demonstrate that the amount of sediment put into the water 
column by fishing gear components towed across the seabed is related to the hydrodynamic drag of 
the component and the type of sediment over which it is towed. In summary, they show that as the 
hydrodynamic drag increases and as the sediment becomes finer, the amount of sediment mobilised 
increases.  O’Neill and Ivanović (2015) update this relationship to take into account the silt fraction of 
the sediment on which the component is towed and express m, the mass of sediment put into the 
water column per m2 swept, as a function of the silt fraction (% of sediment < 63 μm) and the 
hydrodynamic drag per metre width of the gear component (Nm-1). Here we use their approach to 
estimate the amount of sediment mobilised by the groundgear, the beam shoes and lower netting 
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panels of the Wash and North Norfolk Coast shrimp trawl. This approach was used by Depestele et al. 
(2015) to estimate the sediment mobilized behind beam trawls, the results of which compared very 
well with experimentally measured values. 

Groundgear and beam shoes 

The hydrodynamic drag of the groundgear and beam shoes are estimated from experiments on 
similar shaped objects compiled by Hoerner (1965) and used successfully by Depestele et al. (2015). 
 

 

Figure B6. A schematic of the components of a typical shrimp beam trawl fished in the Wash 
and North Norfolk Coast SAC that are in contact with the seabed 

Netting panel 

To estimate the contribution the netting makes to the sediment mobilisation we assume that only the 
turbulence associated with the hydrodynamic drag of the lower netting panels is important. The 
hydrodynamic drag of these netting panels is calculated from Reid (1977). Again the approach was 
used successfully by Depestele et al. (2015). 
 
The resulting hydrodynamic drag estimates of the components of the shrimp beam trawl towed at 
2.8 knots are presented in Table B5. 
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Table B4. Typical dimensions and weights of the shrimp beam trawl gears used in the Wash and North Norfolk Coast SAC 

Vessel 
Length (m) 

Vessel 
Power (hp) 

Beam 
Length (m) 

Ground 
Gear 

Roller Size 
(diam x 
width) (cm2) 

Distance 
Between 
Bobbins 
(cm) 

Footrope 
(m) 

Beam 
Weight (kg) 

Shoe Size  
(l x w) (m2) 

Clump 
Weight  Net Material 

Towing 
Speed 
(knots) 

13.0 230 2 x 7 
Chain link 

with rubber 
roller 

20.3 x 10.2 30.5 9 400 0.75 x 0.25 N/A Nylon 2mm 2.8 

 

Table B5. The sediment mobilised behind the gear components in contact with the seabed of a shrimp beam trawl towed at 2.8 knots 

Gear 
Component 

Swept 
Width 
(m) 

Hydrodynamic Drag (N) 
Number of 
Components 

Sediment Mobilised Behind Each Component 
(By Mass (kg/m) or Equivalent Sediment Layer Across Swept Area (mm/m)) 

(N) 
Per Metre 
Swept 
(N/m) 

Silt Fraction 
2% 5% 10% 20% 

(kg/m) (mm) (kg/m) (mm) (kg/m) (mm) (kg/m) (mm) 
Shrimp beam trawl @ 2.8 knots 
Groundgear 7.0 354 51 2 0.9 0.1 1.6 0.1 2.7 0.2 5.0 0.4 
Net 7.0 2707 387 2 4.3 0.4 6.0 0.5 8.7 0.8 14.1 1.3 
Shoe 0.25 130 518 4 0.2 0.5 0.3 0.7 0.4 1.0 0.6 1.6 
Whole Gear     11.3 0.5 16.2 0.7 24.3 1.1 40.6 1.8 
The estimates presented are of the total weight mobilised behind a given component per metre towed and the depth of the equivalent sediment layer in the swept area of the component, for 
sediments with four different levels of silt content. 
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B.2.3 Penetration depth 

To estimate the penetration depth we use the results of a number of studies and present the results in 
Table B6. 

Beam shoes 

The output from numerical models of the type used by Ivanović et al. (2011) and Esmaeili and Ivanović 
(2014) are used to estimate the penetration of plates (skids, beam trawl shoes) being towed across the 
sea bed.  Depestele et al. (2015) employed a similar approach and found good agreement between 
the measured impact of a tickler beam trawl and a pulse trawl and the results of the numerical models. 
Here we interpolate through the numerically generated values for a sandy sediment to estimate that 
the penetration depth of the beam trawl shoes, which have a pressure force of approximately 
10.1 kNm-2, is about 20 mm. 
 

Table B6. The penetration depth of the gear components in contact with the seabed of 
typical shrimp beam trawls in The Wash and North Norfolk Coast SAC 

Gear Component Swept Width (m) Number of Components Penetration Depth (mm) 
Groundgear 7 2 4 
Shoe 0.25 4 20 
Whole Gear   5 
The whole gear value is the average across the swept width of the gear. 

Groundgear and footrope 

The models of the Esmaeili and Ivanović (2014) are again used to estimate that the 20 cm diameter, 
10 cm width, rubber roller groundgear penetrates 4 mm into the seabed.  

B.2.4 Summary 

Figure B7 summarises the penetration depth and sediment mobilisation results for the shrimp beam 
trawl on sand in the Wash and North Norfolk Coast. The grey lines represent the depth of penetration 
(mm) of the gears across their swept path and the red lines the quantity of sediment mobilised into 
the water column (measured in terms of the equivalent sediment depth in mm) 

 

Figure B7. The penetration depth and quantity of sediment mobilised behind the gear 
components of the shrimp beam trawl  
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The analysis identifies that the beam shoes penetrate most into the sediment, but that they have a 
very small swept width in comparison to that of the groundgear.  The amount of sediment mobilised 
is more or less constant across the swept with of the beam trawl. 

B.3 The Physical Impact of Beam and Pulse Trawling in North 
Norfolk Sandbanks and Saturn Reef SCI 

B.3.1 The North Norfolk Sandbanks and the Saturn Reef SCI 

The designated conservation features of the site are: 
 
§ Subtidal sandbanks which are slightly covered by seawater all the time; and 
§ Reefs (Sabellaria spinulosa biogenic reef). 

 
The North Norfolk Sandbanks are the most extensive example of the offshore linear ridge sandbank 
type in UK waters (Graham et al., 2001). They are subject to a range of current strengths which are 
strongest on the banks closest to shore and which reduce offshore (Collins et al., 1995).  The outer 
banks are the best example of open sea, tidal sandbanks in a moderate current strength in UK waters. 
Sandwaves are present, being best developed on the inner banks; the outer banks having small or no 
sandwaves associated with them (Collins et al., 1995). 
 
The sandbanks have a north-west to south-east orientation and are thought to be progressively, 
though very slowly, elongating in a north-easterly direction (perpendicular to their long axes) (Cooper 
et al., 2008). They extend from about 40 km (22 nautical miles (nm)) off the north-east coast of Norfolk 
out to approximately 110 km (60 nm) (Collins et al., 1995). The banks included are: Leman, Ower, 
Inner, Well, Broken, Swarte and four banks called, collectively, the Indefatigables. The summits of the 
banks are in water shallower than 20 m below Chart Datum, and the flanks of the banks extend into 
waters up to 40 m deep. 

B.3.2 Fishing activities 

VMS data show that the gear used within the site is predominantly beam trawls (EU gear code TBB) 
(79% of all pings in the site) and 94% of the total beam trawling fishing hours between 2009–2013 at 
the site were carried out by Dutch vessels. There is activity in the site throughout the year, with a peak 
in March and April and a low in December and January. 
 
Beam trawls are formed from a steel pipe which is supported on ‘shoes’ or rollers at each end and 
opens the net horizontally. A chain mat or series of 'tickler' chains is usually hung from the beam and 
is designed to contact the seabed and disturb fish located on or just under the sediment surface, such 
that they are caught in the following net (Figure B8). 
 
A large proportion of the Dutch fleet have adopted pulse trawling, either with the ‘Delmeco’ beam (a 
modified traditional beam, with a more hydrodynamic profile), or with the HFK SumWing, a 
hydrodynamic wing that provides the downward force (rather than a traditional heavy beam), and a 
single central nose shoe that makes ground contact (Figure B9). The pulse trawls use a series of 
electrodes, instead of tickler chains, to stimulate the fish to swim up and into the net. 
 
The typical dimensions of the pulse and beam trawls gears used in the North Norfolk Sandbanks and 
the Saturn Reef SCI are presented in Table B7. 
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Source: Grieve et al., 2014 

Figure B8. Beam trawl with chain mat with diagrams illustrating tickler chains (left) and a 
chain mat (right) 

 
 
 

 

 

 

Figure B9. The HFK SumWing pulse trawl gear, with close-ups of the nose shoe and 
groundgear 
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B.3.3 Sediment mobilised 

To estimate the amount of sediment mobilised by a typical fishing gear we use the results of O’Neill 
and Summerbell (2011). These authors demonstrate that the amount of sediment put into the water 
column by fishing gear components towed across the seabed is related to the hydrodynamic drag of 
the component and the type of sediment over which it is towed. In summary, they show that as the 
hydrodynamic drag increases and as the sediment becomes finer, the amount of sediment mobilised 
increases. O’Neill and Ivanović (2015) update this relationship to take into account the silt fraction of 
the sediment on which the component is towed and express m, the mass of sediment (in the range 
2.5 to 500 μm) put into the water column per m2 swept, as a function of the silt fraction (% of 
sediment < 63 μm) and the hydrodynamic drag per metre width of the gear component (Nm-1). Here 
we use their approach to estimate the amount of sediment mobilized by the groundgear, the beam 
shoes and lower netting panels of the Wash and North Norfolk Coast shrimp trawl.  This approach was 
used by Depestele et al. (2015) to estimate the sediment mobilized behind beam trawls, the results of 
which compared very well with experimentally measured values. 

Groundgear and beam shoes 

The hydrodynamic drag of the groundgear, the beam shoes and the pulse trawl nose shoe are 
estimated from experiments on similar shaped objects compiled by Hoerner (1965) and the 
hydrodynamic drag of the chain are estimated from Xu and Huang (2014). 

Netting panel 

To estimate the contribution the netting makes to the sediment mobilisation we assume that only the 
turbulence associated with the hydrodynamic drag of the lower netting panels is important. The 
hydrodynamic drag of these netting panels is calculated from Reid (1977).  
 
The resulting hydrodynamic drag estimates of the components of a tickler beam trawl towed at 
6.2 knots and a pulse beam trawl towed at 4.6 knots are presented in Table B8. The approach used 
here to produce these estimates was also used successfully by Depestele et al. (2015). 
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Table B7. Typical dimensions and weights of the pulse and beam trawls fished in the North Norfolk Sandbanks and the Saturn Reef SCI 

Vessel 
Length 
(m) 

Vessel 
Power 
(hp) 

Beam 
Length 
(m) 

Ground Gear 

Number and 
Weight of 
Electrodes 
(Each Beam) 

Bobbin 
Diameter (cm) 

Bobbin 
Wire/ 
Chain 
Diameter 
(mm) 

Chain Ticklers 
or Droppers 
Used? 

Beam 
Weight in 
Air (kg) 

Nose 
Shoe  
(l x w) 
(m) 

Size of 
Shoes or 
Rollers  
(l x w) (m) 

Net 
Material 

Towing 
Speed 
(knots) 

Average of ‘typical’ values for Pulse wing 

42 1780 2 x 12 
Steel wire with rubber 
discs and bobbins, 
with pulse gear 

28 = 252 kg 12 22 

No (2nd 
groundrope 
helps maintain 
ground 
contact) 

3000 
(including 
electrodes) 

0.7 x 0.25 N/A 3 mm 4.6 

Average or ‘typical values’ for tickler beam trawl 

40 1775 2 x 12 
Steel wire with rubber 
discs and bobbins. 
Footrope is 36m 

N/A 

32 in centre; 18 
on ends. 
Bobbins on 
middle 9m of 
footrope only 

24 

Yes – 7 or 8 
tickler chains, 
24 mm, approx. 
1000 kg 

3500 N/A 
1.2 x 0.7, 
900 kg 
each 

Poly 3.5 
mm 

6.2 

Table B8. The sediment mobilised behind the gear components in contact with the seabed of a tickler beam trawl towed at 6.2 knots and a pulse 
beam trawl towed at 4.6 knots 

Gear 
Component 

Swept 
Width 
(m) 

Hydrodynamic Drag (N) 
Number of 
Components 
(Per Beam) 

Sediment Mobilised Behind Each Component 
(By Mass (kg/m) or Equivalent Sediment Layer Across Swept Area (mm/m)) 

(N) 
Per metre 
swept (N/m) 

Silt fraction 
2% 5% 10% 20% 
(kg/m) (mm) (kg/m) (mm) (kg/m) (mm) (kg/m) (mm) 

Norfolk tickler beam trawl @ 6.2 knots 
Ground gear 12 6,083 507 1 9.6 0.5 12.9 0.7 18.5 1.0 29.7 1.6 
Net 12 21,438 1,786 1 32.1 1.7 41.6 2.2 57.3 3.0 88.7 4.7 
Shoe 0.7 1,770 2,258 2 3.0 2.7 3.8 3.4 5.2 4.7 8.1 7.3 
Chains 12 1,425 119 8 2.2 0.9 2.9 1.2 4.0 1.7 6.3 2.6 
Whole gear     65 3.4 85 4.5 118 6.2 185 9.7 
Norfolk pulse wing trawl @ 4.6 knots 
Ground gear 12 3,902 325 1 6.4 0.3 8.8 0.5 13.0 0.7 21.3 1.1 
Net 12 14,100 1,175 1 21.4 1.1 27.9 1.5 38.8 2.0 60.5 3.2 
Shoe 0.25 715 2,861 1 1.1 2.7 1.4 3.4 1.9 4.7 2.9 7.3 
Whole gear     29 1.5 38 2.0 54 2.8 85 4.4 
The estimates presented are of the total weight mobilised behind a given component per metre towed and the depth of the equivalent sediment layer in the swept area of the component, for 
sediments with four different levels of silt content 
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B.3.4 Penetration depth 

To estimate the penetration depth we use the results of a number of studies and present the results in 
Table B9. 

Beam shoes 

The output from numerical models of the type used by Ivanović et al. (2011) and Esmaeili and Ivanović 
(2014) are used to estimate the penetration of the beam and nose shoes being towed across the sea 
bed. Depestele et al. (2015) employed a similar approach and found good agreement between the 
measured impact of a tickler beam trawl and a pulse trawl and the results of the numerical models. 
Here we interpolate through the numerically generated values for a sandy sediment to estimate that 
the penetration depth of the beam trawl shoes, which have a pressure force of approximately 
30.9 kNm-2, is about 90 mm. Is has not been possible to estimate the pressure force the nose shoe of 
the pulse wing exerts on the seabed. The problem lies in the fact that the pressure cannot be 
determined solely from its weight as lift forces act on the wing when it is being towed, which modify 
the apparent weight of the pulse wing on the seabed. Here we take the penetration to be the same as 
that of the tickler beam shoes, as we assume that its impact is not going to be any worse (this in effect 
is a compromise between a precautionary approach and the intentions of the gears designers). 

Groundgear and footrope 

Similarly the models of the Esmaeili and Ivanović (2014) are used to estimate the penetration of the 
groundgear and chains into the seabed. 
 

Table B9. The penetration depth of the gear components of a tickler beam trawl and a pulse 
beam trawl that are in contact with a sandy seabed 

Gear Component Swept Width (m) 
Number of Gear 
Components 

Penetration Depth (mm) (Sand) 

Norfolk tickler beam trawl 
Groundgear 12 1 5.2 
Shoe 0.7 2 90 
Chains 12 8 2.5 
Whole Gear   15 
Norfolk pulse wing trawl 
Groundgear 12 1 2.7 
Shoe 0.7 1 90 
Electrodes 0.25 28 1.5 
Whole Gear   7.8 
The whole gear value is the average across the swept width of the gear 

B.3.5 Summary 

About twice as much sediment is mobilised by the tickler beam trawl in comparison to the pulse trawl 
gear, which is more or less fully attributable to the faster speed at which it tows. 
 
Furthermore the average penetration depth across the path of the gears is also deeper for the tickler 
beam trawl. This is due to the fact that the two beam shoes are estimated to penetrate to a depth of 
about 90 mm and we have assumed that the single nose shoe of the pulse gear penetrates to a similar 
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amount. As mentioned above this is speculative so this result must be treated with caution. The overall 
depth of penetration of the two ground gear assemblies are similar. 
 
The sediment mobilisation model and the majority of the sediment penetration models are either 
based on empirical data or have been verified during trials in the laboratory or at sea. The one 
exception is the simulation of the penetration of chains into the seabed. The present models need 
further development to account for the geometry of the individual links and the flexibility of a length 
of chain. At present they have been modelled as ropes with similar dimensions and weights as the 
chains under consideration. This approach was successfully used by Depestele et al. (2015) who found 
good agreement between the measured impact of a tickler beam trawl and a pulse trawl and the 
results of the numerical models. 

B.4 Further Model Development 

The investigation of these geotechnical and hydrodynamic processes is an active area of research, 
both within fisheries and in related engineering areas and that the techniques and approaches are 
constantly being refined.  Different constitutive stress/strain relationships are being explored to 
characterise the geotechnical response of a broader range of sediment types which in relation to the 
impact of towed gears need to include both sandier and more clay-like sediments.  Improvements to 
the accuracy and efficiency of the numerical methods are also being investigated.  Furthermore, there 
are difficulties in measuring the mechanical parameters used to characterise the geotechnical 
response of sediments which need to be resolved.  These parameters are difficult to measure in-situ, 
and those measured from samples taken from the seabed do not always reflect their in-situ response. 
 
In relation to sediment mobilisation, the empirical model will need to be updated and possibly 
reassessed as new experimental data are collected.  And there is particular scope for using 
computational fluid dynamic methods to develop deterministic models of this process.  
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C The Effects Upon the Habitat and 
Ecosystem Exerted by the Crangon 
Fisheries in The Wash 

Author: Andy Revill 

 

C.1 Background to this Work 

This work has been prepared at the request of ABPmer and Ichthys Marine Ecological Consulting Ltd. 
for the National Federation of Fishermen’s Organisations (NFFO) in the UK. Undertaken in Sept 2015, 
this work aims to provide a rapid review of the known impacts upon the marine habitat and 
associated ecosystem exerted by the Crangon fishery in the Wash (UK).  

C.2 Executive Summary 

The impacts generated by the Crangon fisheries in the North Sea upon the marine habitats and 
associated ecosystems, were reported upon by the ICES WGECO in 2007. Much of the work here cites 
this thorough review of these fisheries. 
 
The most significant impacts upon the marine ecosystem exerted by the Wash Crangon fishery has 
historically related to persistent high levels of discarding of unwanted by-catch (fish and invertebrates) 
associated with this small meshed fishery. This work suggests that this major impact, previously a 
cause for concern, has been significantly diminished during the last decade, primarily through the 
adoption of technical innovations in trawl design. 
 
While considerable progress has been made to address the discarding issues in the fishery, it is 
suggested that improvements to the selectivity of the fishing gear should be continually sought and 
indicates some measures, which could benefit the fishery further in this respect. It is noted that most 
vessels in the fishery are now fitted with continuous flow catch processing equipment, which are 
widely considered to improve the survival chances of species caught and subsequently discarded. A 
robust quantification of this claim for the Wash Crangon fishery might be appropriate. 
 
The discarding of small-unwanted Crangon in the Wash fishery is a feature that could usefully be 
minimised by the adoption of some further selective trawl modifications. Such measures may also 
partially address the concerns raised by the ICES WGECO in 2007, regarding the impacts that arise 
from simply removing large quantities of this species from the marine ecosystem itself.  
 
The continued protection of Sabellaria reefs in the Wash for precautionary reasons appears to be 
warranted. 
 
Other impacts created by the Crangon fishery are discussed and have all been determined to be of 
little or no concern. These are as follows: 
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§ The physical and chemical effects upon the seabed; 
§ The effects upon epibenthic and infaunal invertebrates; 
§ The effects upon plankton; and 
§ The effect upon marine mammals 

Summary of the impacts of Crangon fisheries upon the marine ecosystem in 2015 

Impact of the Crangon fisheries upon the marine ecosystem in 2015 
Removal of Crangon crangon 
Capture and discarding of juvenile commercial fish 
Capture and discarding of non-commercial fish and invertebrates 
Capture and discarding of small C. crangon 
Effects upon bio-genic habitats (Sabellaria reefs and eel grass beds) 
Physical effects upon the seabed 
Chemical effects upon the sea bed 
Effects upon epibenthic invertebrates 
Effects upon infaunal invertebrates 
Effects upon plankton (zooplankton and phytoplankton) 
Capture of marine mammals 
 

Key  No cause for concern Precautionary concern Cause for concern 

C.3 Overview of the Crangon Fishing Fleet in The Wash (UK) 

The brown shrimp, Crangon crangon, inhabits shallow marine and estuarine waters from 0–20 m depth 
and is found on sand or muddy sand bottoms. In the Wash (UK) small meshed (circa 20mm) twin rig 
beam trawlers, are used to catch the C. crangon. This fishing method is also used throughout the other 
C. crangon fishing nations of Europe, namely Belgium, The Netherlands, Germany and Denmark. 
Catches of C. crangon are separated out from the rest of the catch using mechanical riddles on the 
deck, cooked in an onboard boiler, washed and then cooled in preparation for landing. The fishery is 
not subject to TAC regulations. 

C.3.1 Some of the key technical regulations in The Wash Crangon 
fishery (2015) 

In the Wash, all vessels fishing for C. crangon are required to be less than 221 kW (main engine 
power), and to have trawls with a 16 mm minimum cod end mesh size which are fitted with a discard 
reducing selectivity device (either a sieve net (veil net) or a sorting grid). 

C.3.2 Fishing vessels in the Wash Crangon fishery 

Table C1. Historical trends in the UK Crangon fishery in the Wash 

Observation 1996 2006 2015 
Number of Crangon fishing vessels in the Wash 78 60 59 
Average length of fishing vessel (m) 12 12 12 
Average main engine power (kW) 112 149 141 

Source:  MMO (2015), Revill (1996), Catchpole et al., (2008). 
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Other trends observed in the Wash Crangon fishing fleet: 
 
§ Single beam trawlers disappeared from the fishery by 2006; 
§ All vessels are twin beam trawling since 2006 (Figure 1); 
§ All vessels are multi-purpose, targeting other shellfish at certain times of the year (i.e. cockles 

etc); 
§ The fleet has widely adopted advances in navigation technology; 
§ Most vessels have rotary deck riddle systems (Figure 2). 

Fishing gear dimensions in the UK Wash fishery 

Weight 
The average weight in air of the Crangon beam trawl (shoe, beam and the bobbins included) was 
estimated to be 200–260 kg (WGECO, 2007). In 2015, survey data from six UK Crangon vessels 
(ABPmer & Ichthys Marine, 2015) indicated an average beam weight (shoe, beam and the bobbins 
included) of 341 kg (range 130–800 kg).  
 
Beam width 
The average beam width of the UK Crangon fishing fleet in the Wash was 6m in both 1995 and 2006 
when detailed fleet surveys were undertaken (Catchpole et al, 2008). In 2015, ABPmer surveyed six 
shrimp beam trawlers from the Wash and also found the average beam width to be 6m. 
 
Ground gear 
All vessels use rubber roller ground gear; tickler chains are not used. 
 

 

Figure C1. Photographs of fishing vessels operating in the Wash Crangon fishery (2015) 

C.4 The Removal of C. crangon from the Marine Environment 

 

The removal of Crangon is likely to be the most important ecological impact of the Crangon 
fisheries due to the functional importance of Crangon as a predator and forage species 
(ICES WGECO 2007) 
 
The capture of small undersized Crangon crangon may be of precautionary concern. 
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C.4.1 The capture of small C. crangon in the Wash Crangon fishery 
(Field work) 

In field trials undertaken in the Wash nearly 50% (by weight) of the C. crangon caught in the UK fishery 
was subsequently discarded as it is was too small and held no commercial value (Revill and Holst, 
2004a). In other work undertaken on board commercial fishing vessels in the Wash, the introduction 
of the selectivity devices (sieve net) into the Crangon trawls were observed to reduce the capture and 
retention of unwanted small Crangon by 16-26 % (Revill and Holst, 2004b). Catchpole et al., 2008, 
however observed a mean reduction of 8% in discarded shrimp quantities in the field when examining 
the efficacy of the technical measure several years after their mandatory introduction under the UK 
statute.  
 
Revill and Holst (2004a) tested and compared a range of cod end mesh sizes in the Wash onboard a 
commercial fishing vessel. The work demonstrated that some small C. crangon could also be released 
from capture by altering the cod end mesh size. Using a 20mm cod end mesh size as the baseline, it 
was observed that the use of a 20mm mesh size would substantially reduce the capture of small 
C. crangon compared to the current minimum mesh size of 16mm; increasing mesh size further to 22, 
24 or 26mm would result in a further reduction (Table C2). 
 

Table C2. The effect of cod end mesh size on catches of small C. crangon 

Cod End Mesh Size (mm) 
Effect Upon the Capture and Retention of 
Small Unwanted C. crangon (weight) 

16mm + 49 % 
20mm 0 % 
22mm -5 % 
24mm -9 % 
26mm -13 % 

Source:  Revill & Holst, 2004a. 
 
Lancaster and Frid (2002) found that brown shrimp may experience a high survival rate and estimated 
that between 77–80% of the undersized shrimp survive the entire capture, hauling, riddling, discarding 
and bird predation processes in the Solway brown shrimp fisheries (UK).  

C.4.2 The capture of small C. crangon in The Wash Crangon fishery 
(ICES WGECO 2007) 

In 2007, ICES WGECO, flagged up that the removal of C. crangon itself from the ecosystem was, in 
their expert opinion, likely to be most significant impact upon the eco-system arising from the fishery.  
 

“Crangon may be considered a key ecosystem component in coastal areas as they are 
major prey items for invertebrate, fish and bird predators (e.g. Welleman and Daan, 
2001) and are themselves ecologically important predators structuring the dynamics 
of estuarine and intertidal flats (Beukema, 1992, Bonsdorff et al., 1995), and 
presumably shallow sub-tidal flats. Populations of Crangon are not formally assessed 
in the North Sea, so it is not possible to comment on the significance of the fishery 
effects. However, the size selective removal of Crangon by a fishery potentially 
represents an alteration in the natural pattern of predation and so may impact the 
structure and functioning of coastal areas of the North Sea.” 

ICES WGECO (2007) 
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Given that the ICES WGECO has expressed such concerns on the removal of C. crangon itself from the 
marine ecosystem, it may be prudent to reduce this particular impact as far as practicable in the 
directed fisheries. To this end, the use of proven technical measures, which reduce the capture of 
small Crangon, such as sieve nets and the larger mesh cod ends could be adopted. Other gear 
modifications such as thinner diameter twine meshes and larger mesh upper panels in the body of the 
trawl should be evaluated and adopted if appropriate. Similarly measures could be supported, which 
improve the survivability of the small C. crangon returned to sea, if they have been landed on deck. In 
particular the use of continuous flow rotary riddles may be preferable to other designs.  There is a 
need for data to support the popular claims that this type of riddle gives rise to high survival rates (see 
Figure C2). 
 

 

Figure C2. Continuous flow rotary riddles used on Crangon fishing vessels in the Wash 

C.5 The Impact of Crangon Fishing Upon Commercial Fish 
Stocks 

 

C.5.1 The capture of unwanted by-catch of juvenile commercial fish in 
the Crangon fishery 

For some time, the discarding of fish in the Crangon fisheries was recognised as problematic (Saila, 
1983; Boddeke, 1989; Walter, 1997; Berghahn & Purps, 1998, Revill et al., 1999; Polet, 2003; Kelleher, 
2005). The primary cause of this unwanted by-catch and discarding phenomenon was due to the small 
mesh size (20mm) of the trawls used to catch the Crangon. The small mesh size coupled with the fact 
that Crangon fisheries are co-located in rich bio-diverse coastal waters meant that few species could 
escape from a trawl once captured. 
 
In the 1990’s, it was documented in a series of collaborative discard monitoring trips (n=127) 
undertaken in North Sea Crangon fisheries that unwanted fish by-catch was responsible for significant 
negative economic impacts upon other fisheries (Revill et al., 1999). Almost 1 billion juvenile plaice 
(Pleuronectes platessa), as well as 1 million juvenile sole (Solea solea), 42 million juvenile cod (Gadus 

The capture of unwanted by-catch of juvenile commercial fish may now be considered to 
be of little concern. 
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morrhua) and 55 million whiting (Merlangius merlangus) were estimated as having been discarded 
from all North Sea Crangon fisheries in a single year. The knock-on impact of this discarding was 
modeled and estimated to have resulted in 12,000 tonnes of lost adult plaice landings each year. The 
value of these lost plaice and other commercial fish landings were valued at 26 million Euro every year 
(1999) which equates to € 39 million at 2015 prices. 
 
Prior to 2003 the problem of unwanted commercial fish by-catch was considered as “cause for 
concern”.  However, since 2003 and the introduction of mitigation measures (see section 4.2) into the 
Crangon fishery, this specific issue can now be considered to be “of little concern”. 

C.5.2 Measures introduced into the Crangon fisheries to mitigate 
discarding 

In 2003, legislation was introduced onto the UK statute relating to the Wash Crangon fishery. The 
legislation was termed the Shrimp Fishing Nets Order (Statutory Instrument No 2870) and required 
fishers engaged in the fishery to use either a sorting grid or a sieve net within their trawls. 
 
These selectivity devices (grids and sieve nets) had been shown through fieldwork to significantly 
reduce discarding in the UK Crangon fishery (Revill and Holst 2004, Graham 2004).  Both selectivity 
devices essentially work in the same way, in that they filter and sort the entire catch underwater within 
the trawl and allow larger specimens to exit the trawl while the small target species (Crangon crangon) 
pass through the device to be retained in the cod end (Figure C2). Sieve nets had been demonstrated 
in UK field trials in the Wash onboard commercial fishing vessels to reduce the discarding of 
unwanted fish (commercial and non-commercial) and invertebrates by 57–90% (by weight) (Revill and 
Holst, 2004). Similar reductions in discards were observed in the Wash during the field trials with the 
sorting grid (Graham, 2003). Fishers were given the choice to fit either a sorting grid or sieve net into 
their trawls depending upon their preference. 
 

 

Figure C3. How the sieve net works 
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In 2008, Catchpole et al, reported on a high level of compliance by skippers in the Wash fishery with 
the legislation (Statutory Instrument No 2870) despite difficulties with the actual enforcement of the 
legislature. Fishers had all opted to use the sieve net (a.k.a. Veil net) as the preferred choice of 
selectivity device. The study demonstrated that there was a range of discard reductions happening in 
the fishery for both commercial and non-commercial species, since the introduction of the legislation.  
Observed discard reductions in catches ranged from 0–92 % depending upon the species and size 
(Catchpole et al., 2008). 
 
The Belgian Fisheries Research Institute (ILVO) along with some commercial fishermen have since 
progressed an electrical pulse Crangon trawl system to the extent that it can be used successfully 
under fully commercial conditions. It has been reported that the electrical pulse Crangon trawl can 
select almost exclusively for C. crangon (personal communication, 2015). 

C.6 The Impact of Crangon Fishing Upon Non-commercial 
Fish and Invertebrates 

 

C.6.1 The capture of unwanted by-catch of non-commercial fish in the 
Crangon fishery 

Flounder (Platichthys flesus), dab (Limanda limanda), pogge (Agonus cataphractus), sea scorpion 
(Taurulus spp), sand goby (Gobius minutis), weaver fish (Trachinus spp), sprat (Sprattus sprattus), rays 
(Raja spp), swimming crab (Liocarcinnus spp), shore crab (Carcinus maenus), pipefish (Syngnathidae), 
sand sole (Pegusa lascaris), sea snail (Liparus liparus), smelt (Osmerus eperlanus), starfish (Asterias 
rubens), brittlestar (Ophiothrix fragilis), tiny spider crab (Macropodia spp), five bearded rockling (Gliata 
mustela), eelpout (Lycodes esmarkii), little cuttlefish (Sepiola atlantica) have been caught in various 
quantities between 10% to 100% of observed hauls in the UK Crangon fishery (Catchpole et al., 2008). 
 
Graham (2003) also referred to several of these non-commercial species being caught in his work to 
develop a technical rigid grid solution to this discarding problem. Revill and Holst (2004) recorded a 
combined weight of 1.3 tonnes of discarded fish and benthic invertebrates, caught during 80 hauls. 
Those same hauls produced 3.7 tonnes of landable Crangon. 
 
Prior to the introduction of specific mitigating legislation in 2003 in the UK, large numbers of non-
commercial fish species and invertebrates were caught and discarded in the Crangon fisheries. Today, 
if left unresolved, this issue would likely have been regarded as “of precautionary concern”.  
However, since 2003 and the introduction of the mitigation measures into the Crangon fishery 
described in Section C.4 and C.5,  this specific issue can now be considered to be  “of little concern”.  
 
 

  

The capture of unwanted by-catch of non-commercial fish and invertebrates may now be 
considered to be of little concern. 
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C.7 The Impact of Crangon Fishing Upon Biogenic Habitat 

 

C.7.1 Impacts of Crangon trawling upon sea grass (Zostera) (ICES 
WGECO review) 

“In some areas, Crangon is caught in intertidal and shallow sub-tidal habitats by beam 
trawl. In such areas there is a potential for the fishery to overlap with sea grass beds, 
which are recognised by OSPAR as a threatened, and declining habitat (OSPAR, 2006). 
As sea grass beds are vulnerable to physical disturbance it is important that shrimp 
fishing is restricted to the sandy bottom substrates.”  

ICES WGECO (2007). 

C.7.2 Impacts of Crangon trawling upon Sabellaria spinulosa reefs 
(ICES WGECO review) 

“The effect of shrimp beam fishing on Sabellaria reefs in the North Sea is controversial. 
Historic studies on the benthos of the Wadden Sea have blamed shrimp beam trawling 
for the decline of Sabellaria spinulosa reefs (Riesen and Reise, 1982; Reise and 
Schubert, 1987; Buhs and Reise, 1997; Reise, 2005) which OSPAR has identified as a 
threatened and declining habitat (OSPAR,2006). Riesen and Reise (1982) compared 
benthic records from the Norderaue region of the Wadden Sea from between 1923–26 
and 1980, which showed that Sabellaria had disappeared from the local region. Local 
fishermen claimed to have deliberately removed the reefs as they damaged their 
fishing gears. Buhs and Reise (1997) argued that it is the repetitive nature of the 
trawling that has led to the decline. 
 
However, these studies have been criticised by Vorberg (2000) who argues that other 
reasons should be considered, including the ephemeral nature of Sabellaria reefs 
(Gruet, 1982 in Vorberg, 2000). This experimental study showed that shrimp beam 
trawls could be towed across Sabellaria without the reef incurring visible damage 
(Vorberg, 2000). 
 
The debate on the causes of the decline of Sabellaria reefs in the Wadden Sea is based 
on two different arguments related to the shrimp fisheries. The first argument relates to 
fishermen claiming to have deliberated removed the reefs, but this is not supported by 
any other evidence (Riesen and Reise, 1982). The second argument relates to the 
destruction of the reefs through the cumulative effects of repeated shrimp fishing (Buhs 
and Reise, 1997). Whilst the former argument is based on hearsay, the second 
argument has been strongly rebutted by Vorberg (2000) who claims that the fishermen 
do not operate in areas of reef, as these structures damage their nets, and that during 
the period of reef decline, fishing vessels were not powerful enough to damage the 
structures. 

The protection of biogenic habitats from physical disturbance is considered sensible 
despite contradictory evidence on the effect of the fishery on Sabellaria reefs (ICES WGECO 
2007). 
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The protection of biogenic habitats from physical disturbance is considered sensible 
despite contradictory evidence on the effect of the fishery on Sabellaria reefs”. 

ICES WGECO (2007) 

C.8 The Impact of Crangon fishing Upon the Sea Floor 

 

C.8.1 Preamble 

Crangon beam trawls are designed to skim over the seabed surface so that they catch the brown 
shrimp on that surface.  The roller ground gear, absence of tickler chains and the relative lightweight 
of the beam trawl are deliberate features that aid this purpose. There is no benefit to the fisher to 
have the trawl dig into the substrate, as this will increase drag, use more fuel, fill the trawl with 
unwanted substrate and be potentially dangerous to vessel stability. The fisher makes continual 
adjustments to the warp length to help maintain the Crangon trawl skim over the seabed. If the 
ground is too soft for some reason and the trawl cannot be maintained in a skimming position, the 
fisher will leave those grounds to avoid the problems described above. 
 
Crangon forage on the seabed surface and will jump up into the water column as an escape reaction, 
when a Crangon trawl approaches. Observations have shown that Crangon will mostly jump up to 
15cm off the seabed in winter (Jeffery and Revill, 2002). For this reason a typical Crangon trawl net is 
rigged with a seabed clearance (fishing line) of around 10cm. 

C.8.2 The physical and chemical impacts of Crangon trawling upon the 
seabed (ICES WGECO review) 

“A survey of two types of shrimp beam trawls (fitted with a ground rope and rubber 
bobbins or chains) has been conducted in the Baltic Sea which observed no obvious 
bottom tracks on the sea floor immediately after trawling and no significant sediment 
restructuring (Paschen et al., 2000). Some sediment was re-suspended where the gears 
were in contact with the sea floor but penetration by the trawl shoes was very shallow 
(the pressure of one trawl shoe on the sea floor for a 4.5 m shrimp beam trawl is 0.73–
0.87 Ncm2 compared to 1.71–2.02 Ncm2 for a 4 m flatfish beam trawls fitted with a 
chain mat, when both are towed at 3–4 knots).   
 
This single study would suggest that shrimp beam trawling has a very limited effect on 
the physical substrate of the seafloor. If shrimp beam trawls have only a very limited 
physical impact on the sea floor, this would suggest that they also have only a limited 
impact on the chemical processes of the sea floor”. 

ICES WGECO (2007) 
 

The fishery is considered unlikely to greatly affect the physical and chemical characteristics 
of the sea floor (ICES WGECO 2007). 
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C.8.3 The physical impacts of Crangon trawling upon the seabed 
(Other studies) 

Staff at the Belgian institute (ILVO) in Oostende have undertaken a side scan sonar study on the 
seabed immediately post Crangon trawling (2015), however the data has yet to be analysed and 
results are not available at this current time. A recent Dutch study, which aimed to look in detail at the 
seabed before and after Crangon trawling was compromised when a commercial fishing vessel fished 
through the study sites before results were obtained (Personal communications. 2015). 

C.8.4 The physical impacts of Crangon trawling upon the seabed (Shoe 
abrasion) 

Examining the shoes of beam trawls after a fishing trip may provide proxy evidence of gear 
penetration into the seabed. The metallic shoes are affected by the abrasive contact with the seabed 
surface. Typically this will present as a shiny layer that rapidly rusts on exposure to air. This effect is 
largely confined to the base of the shoes and does not extend upwards into the body of the shoe, 
testament to the low penetration into the seabed and skimming profile of the Crangon beam trawls.  
 
To date, there has been no formal measurement of this feature in Wash Crangon fisheries, however 
such a metric could provide a useful and easily obtainable proxy with which to quantify fishing gear 
penetration into the seabed in this fishery. An example of this feature is shown in Figure C4. 
 

 

Figure C4. A Crangon beam trawl shoe displaying abrasion marks (now rusted) due to contact 
with seabed. Note the depth of penetration into the seabed by this gear appears to 
be low 
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C.8.5 The physical impacts of Crangon trawling upon the seabed 
(Engineer based modeling) 

Modelling techniques, such as those described by O’Neil and Ivanovic (2015) can also be used to 
estimate the penetration depths of a Crangon trawl. The model requires data on the seabed type and 
physical attributes of the Crangon trawl as input parameters. To date such a modeling exercise has not 
been undertaken. 

C.9 The Impact of Crangon Fishing Upon Epibenthic and 
Infaunal Invertebrates 

 

C.9.1 Impacts of Crangon trawling upon benthic invertebrates (ICES 
WGECO review) 

“Few studies on the impact of shrimp beam trawling on the benthic invertebrates exist 
(Riesen and Reise, 1982; Rumohr et al., 1994; Buhs and Reise, 1997; Berghahn and 
Vorberg, 1998; Vorberg, 2000), and many of these relate to their effect on Sabellaria 
reefs.  
 
The most comprehensive study available used diver and underwater video evidence 
from the Wadden Sea to show that shrimp beam trawling had little impact on sessile 
benthos, such as Actinia equine or Mytilus edulis, or mobile species such as Asterias 
rubens and Buccuinum undatum (Berghahn and Vorberg, 1998).  
 
When beds of Lanice conchilega were trawled, those tubes that came into direct 
contact with the gears were flattened, but the worms were not considered to be killed 
or damaged by the activity. This was further supported by video and diver evidence 
from Rumohr et al. (1994). These types of observation have led some authors to 
conclude that the Crangon fisheries along the German North Sea coast are essentially 
non-destructive to the benthos (Stock et al., 1996 in Vorberg, 2000). 
 
The direct effect upon both epibenthic and infaunal invertebrates appears to be 
minimal.”  

ICES WGECO (2007) 

C.10 The Impact of Crangon Fishing Upon Plankton 

 

The direct effect upon both epibenthic and infaunal invertebrates appears to be minimal 
(ICES WGECO 2007). 

There are no likely effects upon plankton (zooplankton or phytoplankton) (ICES WGECO 
2007). 
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C.10.1 Impacts of Crangon trawling upon plankton (zoo & 
phytoplankton) (ICES WGECO review) 

“To the best of our knowledge shrimp beam trawling has no significant effects on 
plankton (phytoplankton or zooplankton).”  

ICES WGECO (2007) 

C.11 The Impact of Crangon Fishing Upon Marine Mammals 

 

C.11.1 Impacts of Crangon trawling upon marine mammals (ICES 
WGECO review) 

“No direct effects of shrimp beam trawls on marine mammals have been recorded 
either in the North Sea or more widely (ICES, 2006), and given the design of the gear 
used with a very low headline height it is thought unlikely, although according to the 
European Commission (2002) incidental capture is possible.” 

ICES WGECO (2007) 

C.12 Conclusions 

C.12.1 The relative impact of North Sea Crangon beam trawl 
fisheries upon ecosystem components  

Table C3 summarises the impacts and observed changes to those impacts exerted by the Crangon 
fisheries upon the marine habitats and ecosytems over the last two decades. 
 

Table C3. Summary of the impacts of Crangon fisheries upon the marine ecosystem from 
1995 to 2015 

Habitat / Ecosystem Impact 1995 2015 
Removal of Crangon Crangon   
Capture and discarding of juvenile commercial fish   
Capture and discarding of non-commercial fish and invertebrates   
Capture and discarding of small C. crangon   
Effects upon bio-genic habitats (Sabillaria reefs and eel grass beds)   
Physical effects upon the seabed   
Physical effects upon the seabed   
Chemical effects upon the sea bed   
Effects upon epibenthic invertebrates   
Effects upon infaunal invertebrates   
Effects upon plankton (zoo and phytoplankton)   
Capture of marine mammals   
Key  No cause for concern Precautionary concern Cause for concern 

The fishery is unlikely to result in the accidental capture of marine mammals, due to the low 
headline height used in the trawls (ICES WGECO 2007). 
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D Physical and Biological Impacts of Beam 
and Pulse Trawling — Summary of 
BENTHIS Field Trial Results 

Author: Lorna Teal 

 

D.1 Background and Methodology 

This paper presents a summary of the results of research into the impacts of beam and pulse trawling 
carried out under the BENTHIS project, an EU research project under the Seventh Framework 
Programme. 
 
During the BENTHIS field trials carried out in June 2013 and June 2014 the effects of trawl gear 
(specifically beam trawl and pulse trawl) on the seabed and benthic organisms was assessed using a 
BACI-design experiment. As the impacts of trawl gear can be expected to be context-dependant and 
variable depending on the natural characteristics of the habits, two sites of contrasting characteristics 
were selected for the two years of trials. In 2013 the research was carried out in the northern part of 
the Dutch Voordelta (southern North Sea coastal zone area, 15 – 22m deep, sandy habitat). In 2014 
the trials were carried out on the Frisian front (southern North Sea offshore area, 28–32m deep, 
muddy habitat)—in the proposed Natura 2000 area. In both experimental areas, fishing disturbance 
was considered to be low (according to VMS data) so interference with the experiment was 
minimalised.  
 
Within the experimental areas 3 sub-areas (each 150m x 1000m, Fig 1) were established for the BACI 
experiment: 1) a pulse trawl area; 2) a beam trawl area; 3) a reference area. The pulse and beam trawl 
areas of the BACI experiment were trawled for one day aiming to achieve complete trawl coverage of 
the areas. The nets were hauled for sampling of the catch (injury assessment of fish, bycatch 
estimates). Before and after trawling, all 3 sub-areas were sampled with a multibeam, a sediment 
profile imaging (SPI) camera and a benthic sledge. Boxcore sampling was carried out after trawling. 
 

 

Figure D1. Diagram of experimental setup and area dimensions 
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In 2013 six hauls were carried out with the pulse trawl (SCH18, beam width = 4.4m, 20 electrodes, 
weight in air = 2500kg, footprint trawl shoe = 0.34m²) on 15 June 2013 (7h25–15h20) with a mean 
towing speed of 4.4 (SD = 0.8) knots. The swept area trawled in the pulse site was 0.361 km² resulting 
in a fishing intensity of 240% (=0.361/0.149 km²) or 40 trawl passages. Nine hauls were conducted 
with a tickler trawl (RV Isis, beam width = 4.4m, 6 large + 7 small tickler chains, weight in air =  
1065kg, footprint trawl show = 0.72m²)) on 18 June 2013 (10h47–17h37) with a mean towing speed of 
4.2 (SD = 1.0) knots. The swept area was 0.205km² which gave a fishing intensity of 140% 
(=0.205/0.151 km²) or 25 gear passages. Note therefore that the intensity of tickler disturbance was 
<60% of the pulse disturbance, looking either at swept area or at the number of gear passages. Note 
also that relatively light beam trawl gear was used compared to relatively heavy pulse gear.   
 
In 2014 TX 29 (tickler) and TX43 (pulse) both fished in the same way. A total of 13 passages across the 
area were conducted. Each vessel towed two beam trawls of 12m wide (24m wide for each passage). 
The width of the area was 150m, or thus 24 * 13 (312m) for trawling. The total fishing intensity was 
200% for each of the experimental areas. An approximate surface of 624,000m² (or 0.624 km²) was 
fished (in an area of 300,000m² (0.3km²)). 
 
Details of the full methodology and approach of 2013 can be read in Teal et al. 2014 and Depestele et 
al. 2015.  
 
Full methodology of 2014 is pending publication. 

D.2 Preliminary Results 

D.2.1 Physical impacts 

Multibeam data (2013 data only, 2014 data still pending) 

The experimental sites were monitored with the Kongsberg EM2040 MBES mounted on the Research 
Vessel Simon Stevin, which has a very high precision (Degrendele & Roche, 2013) and the relative 
centimetre accuracy of this acoustic system is a perfect fit with the purpose of this research. Detailed 
methodology of the 2013 field trials can be found in Depestele et al. (2015) but the most important 
results are summarised here: 
 
§ Penetration of the seabed is obvious for both tickler chain trawl gear and pulse trawl gear 

(Table 1); 
§ Overall tickler chain gear penetrates deeper into the sediment than pulse trawl gear (Table 1); 

and 
§ Trawl marks fade over time, with pulse trawl marks fading faster (Table 1). 

 

Table D1. Penetration depths of tickler chain and pulse beam trawling in shallow sandy 
habitats for different treatments (trt) based on type of beam trawl 

Trt Freq 
Time 
(hr) 

Depth 
range (m) 

N 
Penetration depth (cm) 

Min Q1 Med Q3 Max 
Tickler 2.18 <12 17.1 – 18.4 112 0.00 0.76 2.04 3.49 12.79 
Tickler 2.18 <44 17.3 – 18.5 82 0.05 1.14 2.02 3.44 10.68 
Pulse 3.91 <55 16.3 – 18.1 246 0.00 0.57 1.21 2.21 5.84 
Pulse 3.91 <107 16.3 – 18.1 236 0.00 0.47 0.96 1.59 4.65 
(T = Tickler, P = Pulse), trawling frequencies (Freq), time after trawling (Time). N = number of selected blocks for measuring 
trawl marks. Minimum (min), median (med) and maximum (max) penetration depths are given as well as Q1: first quartile, Q3: 
third quartile. 
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Figure 2 shows the cumulative probability of occurrence of the range of penetration depths for the 
two different gears at two time points following trawling. The steeper the curve the less likely deep 
penetration will occur. It is evident that the pulse trawl shows lower probability of deeper penetration 
compared to the tickler chain trawl (the curves are steeper and further to the left of the figure). 
Furthermore there is a clear shifting of the pulse curve to the left over time, showing that the trawl 
tracks start to fade within a time period of 107 hours. The tickler chain penetrates deeper into the 
sediment showing maximum penetration to be around 10-12cms. There is no evidence for the tickler 
chain tracks fading within 55 hours, however, no measurements were available at 107 hours 
(comparable to the pulse) and as such the rate of fading cannot be compared between the gears (for 
more in depth details see Depestele et al. 2015).  
 

 

Figure D2. Cumulative distribution functions of alterations to seabed bathymetry measured at 
320 kHz after multiple trawling passages  

 
Figure 2 is the cumulative distribution functions of alterations to seabed bathymetry measured at 
320 kHz after multiple trawling passages: multiple passage of a pulse trawl at two time steps: ,55 h 
after trawling (trt f, open grey circles), ,107 after trawling (trt g, open light grey squares). Trawl marks 
fade over time. The dark grey squares CDF (trt e) can directly be compared with pulse trawling and 
indicates higher probabilities of higher alterations to seabed bathymetry. The black crosses CDF (trt d) 
illustrates the alterations to seabed bathymetry at,12 h. Dashed lines indicate the lower and upper 
limits of 95% confidence intervals. 

Sediment resuspension (2013 data only, not carried out in 2014) 

Pulse beam trawl sediment re-suspension work was carried out on board the commercial fishing 
vessel Boeier (SCH18) on Friday 14th of June, and for the conventional beam trawl on the research 
vessel ISIS on Wednesday 19th June. Overall fourteen tows were conducted during the re-suspension 
experiments. Pulse or conventional beam trawls were in place for six of these each and there were two 
control tows without any beam trawl present. The data obtained from the instruments has been 
cropped so that only the sections one minute after the start to one minute before the finish of each 
haul is utilised. This is to allow time for the fishing gear/instrumentation to settle down and remove 
any discrepancies in synchronisation between instrument and ship time. Full details of sampling 
methods can be found in Depestele et al. 2015. 
 
Each beam trawl was sampled at 25, 45 and 65m behind the beam by two tows in opposite directions, 
with and against the tide. Both mean volume concentrations were added together for each distance 
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and the background concentrations deducted to give the true concentration of sediment mobilised at 
distance by each beam trawl type (Figure 3, Figure 4, Figure 5). Figure 3 and Figure 5 show how the 
sediment concentrations decrease with distance from the beam trawls. Figure 4 and Figure 5 indicate 
the pulse and conventional beam trawls mobilise similar quantities of sediment, but the pulse trawl 
had higher values for more size bins and the total concentrations at 25 and 45m behind the beam. 
 

 
 

Figure D3. Particle size distributions within sediment plumes at different distances behind the 
beam 

 

Figure D4. Particle size distributions within sediment plumes at different distances behind the 
gear 
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(Dashed lines are predicted by assuming obscured LISST records have a  

total volume concentration of 780.26 μl/l) 

Figure D5. The total mean volume concentration within sediment plumes at different 
distances behind the beam  

Sediment profile imaging (2014 data only) 

A sediment profile imaging (SPI) camera (for general principles, see Rhoads & Cande 1971) was used 
to obtain in situ images (15 × 21.5 cm = 322.50 cm2) of the sediment profile. A surface video camera 
was attached to the SPI frame to record surface images of the seabed, as well as to track the camera 
real-time and check the expected quality of each deployment. The camera was deployed in each 
experimental area before and immediately after (within 2 hours) and 24 hours after trawling impact 
(T0, T1, T2). Within each area and at each time-point (T0, T1, T2), the camera was dropped at ten 
locations and two photos (~5m apart) were taken (n = 20 per area per time). 
 
The sediment profile generally shows a change in sediment colour with depth. This colour change can 
be directly related to the biogeochemistry (ecosystem function) of the sediment (for details see Teal et 
al. (2009), Teal et al. (2010) and references therein).  Lighter (reddish-brown) sediment indicates an 
oxidised environment which overlies darker (grey-black) sediment indicating a reduced environment1 
(the dark area at the top of the images is the water column). Biogeochemical cycling rates are much 
higher in the oxidised part of the sediment and it can therefore be said that where this lighter 
sediment (known hereafter as the mixed layer) extends deeper into the profile the sediment function 
in terms of nutrient recycling back into the water column is higher than in areas with a very shallow 
mixed layer (Teal et al. 2010). 
 
In soft sediment environments, the depth of the sediment mixed layer is strongly related to the 
biological community and the amount of bioturbation. Large burrowing infauna draw oxygen deep 
into the sediment leading to a deeper mixed layer. However other factors such as sediment type and 

                                                      
1 ‘ Reduced’ as in the opposite to ‘oxidised’ and referring to the redox state of the sediment. 
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season (e.g. amount of carbon reaching the seabed from plankton blooms) also play a role. It has 
been estimated that the global average depth of the mixed layer is 9.8 cm (Teal et al. 2008).  
 
The main conclusions drawn from the SPI sampling of the experimental areas are: 
 
§ In T0 the mixed depth appears shallower (~3cm, pending some image analysis) compared to 

the global average and indicates a biological community lacking large bioturbators; 
 

§ Beam trawl area: In T1 (immediately after trawling) a thick layer (~3cm, pending accurate data 
form image analysis) of what appears to be loose sediment appears on the sediment surface 
(Fig 6). The mixed layer is still visible beneath this loose layer. In T2 the loose layer has all but 
disappeared but the mixed layer appears to be shallower than during T0, likely caused by an 
increase in oxygen use, which may be related to the decomposition of dead fauna as well as 
the smothering of the surface by the loose sediment layer seen. The sediment will need to be 
remixed again by bioturbators to bring the oxygen back into the sediment; and 

§ Pulse trawl area: In T1 (immediately after trawling) on some of the images a layer of loose 
sediment appears which is less compared to the beam trawl area (~1cm, pending accurate 
data form image analysis). The mixed layer is still visible beneath this loose layer (Fig 6). In T2 
the loose layer has all but disappeared and there is no consistent decrease in the depth of the 
mixed layer across the images. 

 

 
 

 

Figure D6. SPI images from the beam trawl area (top row) and the pulse trawl area (bottom 
row) during T0 (left), T1 (middle) and T2 (right) 

 
 
 



Supporting Risk-Based Assessments of Fisheries in MPAs    National Federation of Fishermen’s Organisations 

ABPmer, December 2015, R.2551  | D7 

D.2.2 Biological impacts 

Benthic sledge data (2013 and 2014 data) 

In both 2013 and 2014 a benthic sledge (mesh size = 5 mm) was used to sample the benthic fauna 
found on and within the top 10 cms of the sediment. The sampling was carried out at an angle across 
each of the thee sub-areas in both T0 and T1. The T0 and T1 sampling was carried out perpendicular 
to each so as to avoid resampling the same strip of sediment. The samples sorted and identified on-
board. Both abundances and biomass is recorded. The main conclusions drawn from the benthic 
sledge data can be summarised as follows: 

 
§ Trawl path mortality is difficult to detect which may be due to:  

- Relative high abundance of resistant species. Abundance of vulnerable species found was 
significantly lower. Community may already be adapted to high amount of natural 
disturbance (VD 2013) as well as long-term effects of trawling (both areas); and 

- Low power of sampling design: High variability in benthic data requires many more 
samples.  

 
Figure 7 shows the Abundances (log-transformed due to the spread in the data) of overall densities of 
benthic fauna before and after trawling in the three sub-areas in the Voordelta (2013 results). For a 
clear conclusion to be drawn on mortality caused by the two trawl gears, the patterns observed in the 
reference area (b) should be different to those in the tickler area (a) and pulse area (c). Despite 
potential declines in both the tickler and pulse area, no clear pattern is evident however. Statistically 
abundances were shown to be lower overall in T1 compared to T0 but no distinctions could be made 
in this pattern across the different areas and as such it could not be definitely attributed to trawling 
effects. Figure 8 shows the same as Figure 4 for the Frisian front (2014 results). Again no clear patterns 
of mortality could be observed for the trawl areas in comparison to the reference area. 

 

 
Data from the Voordelta (2013) in subareas (a) tickler chain, (b) reference and (c) pulse trawl 

Figure D7. Boxplots (showing the median (thick line), upper and lower quantiles (edge of 
boxes) and the min and max, excluding the outliers (dots)) of log-transformed 
densities of all benthic species combined  
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Data from the Frisian Front (2014) in subareas (a) tickler chain, (b) reference and (c) pulse trawl 

Figure D8. Boxplots (showing the median (thick line), upper and lower quantiles (edge of 
boxes) and the min and max, excluding the outliers (dots)) of log-transformed 
densities of all benthic species combined  

 
The absence of significant effects of trawling may be related to the type of species caught and their 
susceptibility to trawling effects. All species were therefore categorised into either “resistant” 
(examples are Liocarcinus sp, Ebalia spp., Nucula spp.) , “intermediate” (examples are Abra spp., 
Amphiura spp., Ophiura spp.) or “susceptible” (examples are Actinaria, Pagarus spp., Spisula spp._to 
trawling and the same analysis was performed at this grouped level. The grouping of species into the 
different groups followed the methodology of Bolam et al. (2015) using different species traits as a 
basis for their vulnerability to fishing. In this case only traits affecting the acute vulnerability of the 
species were taken into account as the experiment does not deal with long term vulnerability. 

 
Figure 9 shows the log-transformed abundances from the 2013 trial in the Voordelta split into the 
three categories: resistant, intermediate and vulnerable to trawling. It is clear the community is 
dominated by species resistant to or with intermediate sensitivity to trawling, the abundances of 
vulnerable species are significantly lower overall. The same is observed at the Frisian front (fig 10). 
Based on this finding it can be said that although currently these areas do not show high trawling 
impacts (based on VMS data, pers comm Niels Hintzen), the communities sampled appear to already 
be adapted to trawling effects based on the long history of trawling in these areas. This may explain in 
part why it is difficult to detect mortality in the trawl paths as most species encountered are fairly 
robust. 

 
Another reason for the inability to identify clear trawling effects may be related to the high variability 
encountered in the benthic samples. Benthic communities are notoriously patchy within the 
environment and even on a small spatial scale the variability between the samples can be high. Due to 
this variability sampling effort was maximised but can still be considered low. A post-hoc power 
analysis was performed on the data (currently only the 2014 data) to identify the statistical power of 
the dataset in showing differences (Table D2). The power analysis revealed a higher chance of 
detecting an effect in the tickler chain area versus the reference area as opposed to in the pulse area 
versus the reference area. This is some indication that the chances of detecting significant mortality 
(given higher sampling effort) in the tickler area is higher than that in the pulse area. The chances of 
detecting differences in the intermediate sensitivity group is also higher compared to the resistant 
group. The probability of detecting change in the vulnerable group is low, but this can be related to 
the very low numbers of vulnerable species caught. 

T0 T1

2.
0

2.
5

3.
0

3.
5

4.
0

 
(a)

lo
g 

(N
m

-2
 +

1)

T0 T1

2.
0

2.
5

3.
0

3.
5

4.
0

 

(b)

T0 T1

2.
0

2.
5

3.
0

3.
5

4.
0

 

(c)



Supporting Risk-Based Assessments of Fisheries in MPAs    National Federation of Fishermen’s Organisations 

ABPmer, December 2015, R.2551  | D9 

 

 
 Data from the Frisian front trials (2013) 

Figure D9. Boxplot of log-transformed summed densities of all species categorised as (a) 
resistant, (b) intermediate and (c) susceptible to trawling before (T0) and after (T1) 
experimental trawling in the three treatment areas 
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. Data from the Frisian front trials (2014). 

Figure D10. Boxplot of log-transformed summed densities of all species categorised as (a) 
resistant, (b) intermediate and (c) susceptible to trawling before (T0) and after (T1) 
experimental trawling in the three treatment areas 
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Table D2. Output of power analysis on 2014 benthic sledge data 

Response Group Interaction all 
Tickler 
compared to  
reference site 

Pulse 
compared to  
reference site 

Tickler 
compared to 
pulse 

Abundance All 0.91 0.96 0.23 0.64 
Resistant 0.61 0.70 0.11 0.41 
Intermediate 0.95 0.98 0.37 0.67 
Sensitive 0.38 0.42 0.06 0.34 

Numbers show the probability of detecting a change in abundance at the significance level 0.05, given the current experimental 
setup and assuming the real effect or data distribution follows the output of the statistical model applied. 

Bycatch benthos (2013 and 2014 data) 

During the trawling of the experimental areas the catch was collected and sampled for various 
purposes. The bycatch of benthos within the hauls could also be assessed. The benthos was identified 
and abundances estimated per area. Note that the number of hauls sampled is very low: 

 
§ 2013 beam = 4 / pulse = 3; and 
§ 2014 beam = 2 / pulse = 2. 

 
Despite the low sample numbers the main conclusion drawn from the benthos discards is that the 
pulse trawl causes considerably less benthos discards. Figure 11 and Figure 12 illustrate this for the 
2013 field trials in the Voordelta. Due to the large numbers of Ophiura caught (Fig 11), which masks 
the data for the other species, the data was log-transformed (Fig 12). Note also that in 2013 a 
relatively light tickler trawl was used (1065kg) compared to a relatively heavy pulse trawl (2500kg). 
Figure 13 shows the untransformed data for the 2014 trials at the Frisian front. All figure give a clear 
picture of lower benthic discards in the pulse trawl. 

 

 

Figure D11. Quantity of discarded benthos (in numbers per area trawled) for the pulse and 
traditional tickler trawl in the Voordelta (June 2013) 
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Figure D12. Quantity of discarded benthos (log-transformed numbers per area trawled) for the 
pulse and traditional tickler trawl in the Voordelta (June 2013) 

 
 

 

Figure D13. Quantity of discarded benthos (in numbers per area trawled) for the pulse and 
traditional tickler trawl at the Frisian Front (June 2014) 
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E Biological and Ecological Impacts 
Author: Dr. Claire Szostek 

 

E.1 Aims of the Work 

1. Noting the sub-features/habitats present in the three sites, provide a list of key references 
that provide information on sandbank community responses to impacts from the three gear 
types being studied: 
1.1. Beam trawls (conventional and pulse of ≤12 m beam length); 
1.2. Shrimp trawls (beams of ≤8 m length and ≤700 kg weight, using no tickler chains or chain 

mat); and 
1.3. Otter trawls (trawl door weight of ≤200 kg and area of ≤1.5 m2 each, ≤30 m footrope); 

2. Indicate the confidence that can be attributed to the expected impacts in the three study sites 
(e.g., high confidence because studies have taken place using the same or very similar gears 
to the study in the same or very similar habitats, low confidence because there are no directly 
comparable studies and likely effects can only be inferred); 

3. Assess the biological and life-history traits of 16 key species/taxa. Listed in the biotope 
descriptions within each of the three study sites: 
3.1. Size range: <10 mm, 11 – 20 mm, 21 – 100 mm, 101 – 200 mm, >200mm; 
3.2. Morphology: Exoskeleton/crustose, cushion/tunic, soft, stalked; 
3.3. Living habit: Free living/crevice or hole or under stones, tube dwelling and burrow 

dwelling, epi/endo zoic/phytic, attached; 
3.4. Sediment position: 0-1 cm, >1 – 2.5 cm, >2.5 – 5 cm, >5 – 10 cm, >10 cm; 
3.5. Mobility: Swim, burrow/crawl/creep/climb, sessile;   
3.6. Age at maturation: <1 year, 1 – 2 years, >2 – 5 years, >5 – 10 years; 
3.7. Ability to resettle/re-establish if dislodged: Yes, probably, possibly, no.; 

4. Based on the traits above, and other evidence as available, assess the susceptibility of the taxa 
to mortality from the five actions of fishing gear as defined by Lart (2012), and different 
penetration depths (surface abrasion only, penetration to 25 mm, penetration >25 mm). 
Where information to provide a quantitative assessment is not available, provide a qualitative 
assessment. 

 
Susceptibility: very low (<10% mortality), low (10 – 25% mortality), moderate (>25 – 50% mortality), 
high (>50 – 75%), very high (>75%).   

E.2 Evidence Sources 

E.2.1 Methods 

A search of primary literature was conducted to find relevant studies on the impacts of the specified 
gears in the same (or similar) habitats to the three study sites: The Wash and North Norfolk Coast SAC; 
Margate and Long Sands SCI; North Norfolk Sandbanks and Saturn Reef SCI. 
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After an initial search, studies were rejected if the seabed habitat/depth/sediment type were dissimilar 
to the study sites. If the habitat was similar, information on the fishing gear used to make the 
disturbance was extracted from the studies. 
 
For each study, the following information was recorded, where available: 
 
§ Full reference; 
§ Fishing gear being assessed (Beam, Otter or Shrimp/Prawn trawl); 
§ Gear width; 
§ Gear weight; 
§ Habitat (description of habitat/sediment provided in the manuscript); 
§ Depth at which the study took place; 
§ Confidence level – high, moderate or low (based on a subjective assessment of the similarity 

of the gear/habitat combination to those in question in the present study); 
§ Response data reported (e.g. community data, species, infauna/epifauna, abundance, 

mortality etc); 
§ Main fisheries (at the study site); 
§ Gear information (additional gear/vessel information); 
§ Picture of the gear (is a picture of the gear provided in the manuscript?); 
§ Abstract. 

 
The selected studies were assigned a subjective level of confidence on our ability to infer expected 
impacts in the three study sites: 
 
§ 10 studies on beam trawl impacts; 
§ 5 studies on beam trawl and otter trawl impacts; 
§ 10 studies on otter trawls; 
§ 7 studies on prawn/shrimp trawls; 
§ 5 studies on pulse trawls; 
§ 2 meta-analysis/review studies. 

E.2.2 Results 

The full list of references can be found in Table E1 The level of habitat and gear detail reported varied 
significantly between studies. Twelve studies did not report gear width and 22 studies did not report 
gear weight. When gear weight was reported, sometimes this represented a total gear weight, while 
few studies reported weights for separate components of the gear (e.g. doors, bobbins, footrope etc.). 
A limited number of studies reported additional gear characteristics such as footrope length, mesh 
size, towing speed etc. 
 
Eighteen studies occurred in north-west Europe (including the North Sea), while the remaining 21 
studies occurred in the north-west Atlantic, Australia, South America and New Zealand. This meant 
that even if the seabed/habitat type was similar, species composition reflected the geographic area. 
 
For the specific beam trawl/habitat gear combinations in question, five studies were assigned high 
confidence in relation to assessing fishing gear impacts in the study sites. All the studies regarding the 
impacts of otter trawls were assigned either moderate or low confidence due to differences in either 
the habitat type/depth, or a lack of specific gear information. 
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Table E1. Evidence Sources 

Full Reference Fishing Gear Gear Width Gear Weight Habitat 
Depth the 
Study Took 
Place (m) 

Confidence Response Data Location Region Main Fisheries Gear Information 
Picture 
of the 
Gear 

Abstract 

De Groot & 
Lindeboom (1994). 
Environmental Impact 
of bottom gears on 
benthic fauna in 
relation to natural 
resources 
management and 
protection of the 
North Sea. Neth Inst 
Fish Res Rep No. 
1994-1 1, Texel  

Beam trawl (4 m 
with tickler 
chains or chain 
mat, 12 m with 
ticker chains) & 
Otter trawl 

4-m and 12-m 
beam trawls, 
otter trawl 

Shrimp trawls 
~750 kg, Beam 
trawls ~700 kg 

sandy sediment 10 to 50 High (similar 
sediments, 
depth and 
species) 

Epifauna and 
Infauna 

Flemish Banks, 
off the Dutch 
coast, north of 
the Frisian 
Islands, and in 
the German 
Bight 

North Sea Sole, Plaice, 
Shrimp 

The small multipurpose beam 
trawlers are vessels with engine 
power ~ 221 kW, 300 HP. These are 
allowed to fish within the 12 mile 
zone so long as the beam length is 
less than 4.5 m (EC-regulation no. 
55/87). Beam lengths > 4.5 m are 
only allowed for shrimp trawling. to 
catch sole within the 12 mile zone 
using trawls with a beam length over 
4.5 m. May use chain mat and tickler 
chains. A typical shrimp beam trawl 
is 6 to 9 m wide. The height of the 
trawl head is 50-75 cm. 

Yes In the selected areas the effects on benthic communities of 4-m and 12-m beam 
trawls, commonly used by commercial fisheries, were studied. Before, and after, 
experimental trawling, both in- and epifauna were sampled using various pieces 
of equipment including; box corers, van Veen grabs, Day grabs, 3m beam trawls, 
and a specially developed dredge (Triple-D). Catch composition of the 
commercial trawls was determined. The survival of animals caught in, and those 
which pass through, the meshes of the net was examined over prolonged 
periods onboard ship. Catch composition of 1 m dredges attached to a 7 m 
beam trawl was determined. Video records were made of a heavily trawled zone 
and compared to recordings of a relative undisturbed reference area. Possible 
immigration of scavengers into intensively trawled areas was examined by 
repeated trawling over the same line. Changes in sediment structure were also 
examined using side-scan sonar, sediment profiling photography (REMOTS) and 
video techniques. The effects of towing speed and direction of tow (in relation 
to current direction) on the pressure exerted by the gear on the sediment were 
examined with a 4-m beam trawl. An inventory of the Belgian, Dutch and 
German bottom trawling fleet and the different gears used was collated. 

Bergman, M.J.N. and 
van Santbrink, J.W. 
(2000). Mortality in 
megafaunal benthic 
populations caused by 
trawl fisheries on the 
Dutch continental 
shelf in the North Sea 
in 1994. ICES Journal 
of Marine Science, 57: 
1321-1331. 

Beam trawl (4 m 
with tickler 
chains or chain 
mat, 12 m with 
ticker chains) & 
Otter trawl 

4-m and 12-m 
beam trawls, 
otter trawl 

Beam trawl 
5900–7800 kg; 
Otter trawl 1000 
kg 

shallow coastal 
sandy areas to 
deeper offshore 
silty areas 

not reported 
but shallow up 
to c. 40m depth 

High (similar 
communities, 
sandy 
sediments, 12m 
beam trawl) 

Infauna & 
epifauna 

South-eastern 
North Sea 

North Sea roundfish 12 m beam trawl with 9-10 tickler 
chains, weighing 1100-2200 kg and 
8-10 net ticklers. 25 cm roller 
diameter. Otter trawls: 35-55 m 
spread between doors  

No We estimated the direct mortality of benthic fauna caused by one single 
passage of commercial beam and otter trawls in field experiments. The benthos 
dredge Triple-D was used to sample megafauna (>1 cm), while macrofauna (>1 
mm) were sampled by means of a Reineck boxcorer and, in some cases, a van 
Veen grab. Direct mortalities ranging from about 5 up to 40% of the initial 
densities were observed for a number of gastropods, starfishes, small and 
medium-sized crustaceans, and annelid worms. For bivalve species, direct 
mortalities were found from about 20 up to 65%. Mortality per m2 trawled area 
due to fishing with a 12 m beam trawl was not higher than that due to a 4 m 
beam trawl. For all species considered, the direct mortality was largely attributed 
to animals that died in the trawl track, either as a direct result of physical 
damage inflicted by the passage of the trawl or indirectly owing to disturbance, 
exposure, and subsequent predation. In 1994, the 12 m beam trawl with tickler 
chains was the dominant gear type in the Dutch sector, resulting in a mean 
annual trawling frequency of 1.23. The mean annual trawling frequencies with 
the 4 m beam trawl using tickler chains, the 4 m beam trawl with a chain mat, 
and the otter trawl were 0.13, 0.01, and 0.06, respectively. The annual fishing 
mortality in invertebrate megafaunal populations in the Dutch sector ranged 
from 5 up to 39%, with half of the species showing values of more than 20%. For 
all species studied, the 12 m beam-trawl fisheries caused higher annual fishing 
mortalities than the concerted action of the other fisheries. Only with respect to 
species restricted to sandy coastal areas did the 4 m beam-trawl fleet contribute 
substantially to the annual mortality. Implications of the impact of trawling on 
the composition of benthic communities are discussed. 

Kaiser, M.J., Edwards, 
D.B., Armstrong, P.J., 
Radford, K., Lough, 
N.E.L., Flatt, R.P. & 
Jones, H.D. (1998). 
Changes in 
megafaunal benthic 
communities in 
different habitats after 
trawling disturbance. 
ICES Journal of Marine 
Science. 55:353-361 

Beam trawl (4 
m) 

4 3.5 t mobile 
megaripple 
structures in the 
south-eastern 
(SE) sector and 
stable uniform 
sediment in the 
north-western 
(NW) sector 

26 to 34 High (similar 
sediment, 
depth, 
communities, 
smaller/lighter 
gear used) 

Infauna & 
epifauna 

Liverpool Bay, 
UK 

North West 
Europe 

not reported 4m commercial beam trawl, 
weighing approx. 3.5t in air, fitted 
with a chain matrix and 80 mm 
diamond mesh cod end 

No As part of a long-term study to examine the ecological effects of beam-trawling, 
we investigated the immediate impact of fishing on the megafaunal component 
of a benthic community and the extent to which it had recovered 6 months 
later. A quantitative dredge was used to collect megafaunal samples following a 
replicated, paired control and treatment design to maximize the chances of 
detecting any effects due to trawling. There were two different habitats with 
distinct communities in the experimental area, one with stable sediments and a 
rich fauna, the other with mobile sediment and a relatively impoverished fauna. 
Immediately after fishing the composition of the community in the stable 
sediments was significantly altered. While the abundance of some species 
decreased (e.g. sea mice Aphrodita aculeata), others apparently increased (e.g. 
hermit crabs Pagurus bernhardus). Variation between samples from the fished 
areas was higher than those from the control areas. This suggests that the 
effects of trawling were not uniform, even though the treatment area was 
entirely swept at least once. The effects of fishing were not detectable in the 
mobile sediments. Six months later, seasonal changes had occurred in both 
communities and the effects of the trawling disturbance were no longer evident. 

Bergman, M.J.N. & 
Hup, M. (1992). Direct 
effects of beam 
trawling on 
macrofauna in a sandy 
sediment in the 
southern North Sea. 
ICES Journal of Marine 
Science 49: 5-11. 
 

Beam trawl (12 
m) 

12 7000 kg fine to medium 
hard-sandy, well 
packed 
sediments 

30 High (many of 
the same 
species, sandy 
sediments, 12m 
beam trawl) 

Benthic fauna Dutch coastal 
zone    

North Sea Sole groundrope chain 22 mm, roller 250 
mm, (tickler chains 5 x 22 mm, 3 x 18 
mm, net-tickler chains 3 x 20 mm, 8 x 
14 mm), mesh size cod-end 9 cm 

No The presence of certain species of benthic infauna in catches from a beam trawl 
indicated that tickler chains and the ground chain can scrape off successive 
layers of sediment and reach at least 6 cm into the sediment. Direct effects of 
beam trawling on benthic species in the North Sea were determined by 
comparing faunal abundance before and after commercial beam trawling on a 
hard-sandy sediment. In autumn 1989 three-fold trawling of the experimental 
area resulted in a decrease in density (10-65%) of a number of species of 
echinoderms, polychaetes and molluscs. 
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Study Took 
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Confidence Response Data Location Region Main Fisheries Gear Information 
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Abstract 

Piet GJ, Rijnsdorp AD, 
Bergman MJN, van 
Santbrink JW, 
Craeymeersch J, Buijs J 
(2000) A Quantitative 
Evaluation of the 
Impact of Beam 
Trawling on Benthic 
Fauna in the Southern 
North Sea. ICES 
Journal of Marine 
Science. 57: 1332-
1339. 

Beam trawl (4 m 
and 12 m) 

4 m and 12 m not reported fine to coarse 
sand 

not reported High (similar 
sediment, depth 
range and gear 
used) 

Infauna & 
epifauna 

Southern North 
Sea (Dutch 
sector) 

North Sea not reported Class 1 vessels are rigged with two 4 
m beam trawls, Class 2 vessels are 
rigged with two 12 m beam trawls 

No Data on density of benthos species and on direct mortality caused by the 
passing of a beam trawl, together with fishing effort data for the Dutch beam-
trawl fleet, were used to evaluate the annual population mortality caused by 
beam trawling in the Dutch sector of the North Sea. The effects of using 
environmental strata, instead of ICES rectangles for density distributions, and of 
using higher-resolution fishing-effort data on the population mortality 
estimates of 21 infauna and epifauna species were investigated. Variation in 
species abundance was markedly smaller based on sediment depth strata than 
based on ICES rectangles, and the resulting population mortality estimates 
differed significantly among species (ratio ranged from 0.3 to 1.6) depending on 
the overlap of the spatial distribution of a species and of beam-trawl effort. 
Changing the resolution of fishing effort from ICES rectangles or sediment-
depth strata to 1´ minute latitude x 2´ minute longitude square (±1x1 nm) 
resulted in a systematic reduction of population mortality by a factor 0.7 due to 
the patchy effort distribution. We argue that annual fishing mortality should 
preferably be based on relevant environmental strata, and accuracy of the 
estimates increases markedly when the resolution of spatial fishing effort data 
sufficiently reflects the patchiness of the fleet’s activities. 

Reiss, H. et al (2009). 
Effects of fishing 
disturbance on 
benthic communities 
and secondary 
production within an 
intensively fished area. 
Marine Ecology 
Progress Series 394: 
DOI: 
10.3354/meps08243 

Beam trawl not reported not reported muddy sand 37 to 43 Moderate 
(similar 
sediment, depth 
and species 
reported, 
however lack of 
gear 
information) 

Infauna The German 
Bight ~ 20 
nautical miles 
northwest of 
Helgoland 

North west 
Europe 

plaice  No Demersal fishing alters seabed habitats and affects the structure and 
functioning of benthic invertebrate communities. At a critical level of 
disturbance, such communities may approach an equilibrium disturbed state in 
which a further increase in disturbance has little additional impact. Such 
arguments have been used to suggest that an ecosystem approach to fisheries 
management (EAFM) should protect lightly fished areas and deflect fishing 
activity into areas that are already intensively fished. In this study, the effects of 
variation in fishing disturbance on the secondary production, species diversity, 
abundance, biomass, and community structure of benthic infauna were 
examined in a region of the German Bight (North Sea) that has been intensively 
trawled for decades. Variation in fishing disturbance across the study area was 
determined using automated position registration and vessel monitoring 
through satellite. Even in such a heavily fished area, linear regression analyses 
revealed that biomass, species richness, and production decreased significantly 
with increasing fishing intensity. Although redundancy analyses (RDA) showed 
that sediment characteristics were influential in determining the structure of the 
infauna community, partial RDA revealed that fishing continued to have an 
impact on community structure in terms of biomass. These results suggest that, 
in implementing an EAFM, managers will need to consider the possibility that, 
even in areas with high chronic fishing disturbance, further increases in fishing 
activity may still cause additional damage to benthic invertebrate communities. 

Bergmann, M.J.N., 
Duineveld, G.C.A., 
Lavaleye, M.S.S. (2005). 
Long term closure of 
an area to fisheries at 
the Frisian front: (SE 
North Sea): Effects on 
the bottom fauna. 
NIOZ Report 2005-06 

Beam trawl not reported not reported silty-sand not reported Moderate 
(similar 
sediments and 
some similar 
species 
reported, 
however depth 
and natural 
disturbance 
levels not 
reported) 

Infauna & 
epifauna 

Frisian front North Sea Dutch trawlers 
including some 
EURO trawlers 

Dutch trawlers and some EURO 
trawlers, max 300 h.p. 

No To determine the effects of areas closed for beam trawling on the composition 
and diversity of the macrofauna we compared the fauna in the 500 m exclusion 
zone around an offshore platform with the fauna in regularly fished subareas in 
the vicinity. The study was conducted in a silty-sand habitat in the southern 
North Sea (Frisian Front) near gas production platform L07A. Besides standard 
boxcorer samples, hauls were made with the Triple-D dredge in order to collect 
relatively rare and larger species. Multivariate analysis showed a distinct 
difference between the Triple-D samples from the fishery-closed area around 
the platform and those from the regularly trawled reference subareas. 
Conspicuous differences were higher abundances of mud shrimps (C a llia n a s 
s a s u b t e r ra n e a , U p o g e b ia d e lta u ra ) and sensitive bivalves (A r c t ic 
a is la n d ic a , T h ra c ia c o n v e x a , D o s in ia lu p in u s , A b r a n it id a , C 
u lt e llu s p e llu c id u s ) in the non-fished subarea near the platform. Species 
richness and evenness were higher as well. The boxcore samples did not clearly 
reveal the distinctness of the non-fished platform subarea. This is attributed to 
the large proportion of small, short-living species and the relatively low 
numbers of vulnerable larger species common to all boxcore samples. 
Nevertheless, boxcore samples did confirm the higher abundance of mud 
shrimps (C a llia n a s s a s u b t e r ra n e a , U p o g e b ia d e lta u ra ) in the 
non-fished platform subarea and demonstrated higher densities of the 
brittlestar A m p h iu ra filifo rm is . The effect of beam trawling on the presence 
of long lived large bivalves as we found is in line with previous studies. Despite 
the positive effect of the fishery-exclusion zone on survival of their adults, 
however, no evidence was found for higher recruitment rates in this relative 
small area. Our observation that deep-living mud shrimps are affected by 
trawling may point to larger consequences for the functioning of the benthic 
ecosystem than solely loss of biodiversity. 
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Abstract 

De Groot, S.J.(1984). 
The impact of bottom 
trawling on the 
benthic fauna of the 
North Sea. Ocean 
Management 9: 177-
190. 

Beam trawl not reported 8-12 ton not reported not reported Moderate 
(results are 
qualitative, 
rather than 
quantitative) 

Epifauna and 
Infauna 

Various North Sea Sole, Plaice Dutch beam trawls at that time used 
up to 15 ticklers. Chain mats are also 
used. 

No This paper reviews the impact of bottom trawling - beam or ground trawl - on 
animals of the sea bed. The areas of study is restricted to the North Sea, 
however, the final conclusions have a far wider application. Protests against the 
use of trawls date back to the period of their introduction.; for northwest Europe 
this was the thirteenth century, and it still evokes protests up to the present day. 
Trawling does affect benthic life, the trawl penetrates up to 30 mm into the soil, 
depending on the substrate. All types of trawls are basically similar in their 
action on the bed. Beam trawls with tickler chains catch much more benthos 
than do ground trawls without tickler chains. Some groups of animals suffer far 
more damage than others, e.g. echinoderms. It is not unlikely that in the long-
term a shift in species and numbers may occur along the same lines such as has 
been found in the German Wadden Sea where polychaetes are on the incline 
and molluscs and crustaceans on the decline. 

Hiddink, J.G., Jennings, 
S., Kaiser, M.J., 
Queirós, A.M., 
Duplisea, D.E., and 
Piet, G.J. (2006). 
Cumulative impacts of 
seabed trawl 
disturbance on 
benthic biomass, 
production, and 
species richness in 
different habitats. 
Canadian Journal of 
Fisheries and Aquatic 
Sciences, 63,4 pg.721. 

Beam trawl (2 x 
12 m) 

average of 24m 
(2 x 12 m) 

not reported sand and 
muddy sand 

25 to 50 Moderate 
(similar 
sediments and 
depth, however 
no specific gear 
information) 

Biomass and 
production of 
infauna and 
epifauna 

Dogger Bank, 
Hills, Northwest 
Rough, Silver Pit 

North Sea Flat fish For the calculation of trawling 
intensity (year–1), it was assumed 
that trawlers fished at a speed of 5 
knots, with a total fishing gear width 
of 24 m (i.e., two beam trawls each of 
12 m wide or one 24 m wide otter 
trawl) 

No Bottom trawling causes widespread disturbance of sediments in shelf seas and 
can have a negative impact on benthic fauna. We conducted a large-scale 
assessment of bottom trawl fishing of benthic fauna in different habitats, using 
a theoretical, size-based model that included habitat features. Species richness 
was estimated based on a generalized body mass versus species richness 
relationship. The model was validated by sampling 33 stations subject to a 
range of trawling intensities in four shallow, soft sediment areas in the North 
Sea. Both the model and the field data demonstrated that trawling reduced 
biomass, production, and species richness. The impacts of trawling were 
greatest in areas with low levels of natural disturbance, while the impact of 
trawling was small in areas with high rates of natural disturbance. For the North 
Sea, the model showed that the bottom trawl fleet reduced benthic biomass 
and production by 56% and 21%, respectively, compared with an unfished 
situation. Because of the many simplifications and assumptions required to 
synthesize these data, additional work is required to refine the model and 
evaluate applicability in other geographic areas. Our model enables managers 
to understand the consequences of altering the distribution of fishing activities 
on benthic production and hence on food web processes.  

Jennings, S., 
Nicholson, M.D., 
Dinmore, T.A., and 
Lancaster, J.E. (2002). 
Effect of chronic 
trawling disturbance 
on the production of 
infaunal communities. 
Marine Ecology 
Progress Series, 243: 
251-260. 

Beam trawl (2 x 
12 m) 

average of 24m 
(2 x 12 m) 

not reported sandy 
(moderate 
hydrodynamic 
conditions, with 
wind driven 
waves and high 
currents that 
make sand 
transport 
sudden and 
unpredictable 
near the 
seabed) 

c. 30 Moderate (only 
community data 
reported, not 
specific species, 
however similar 
sediment type 
and depth) 

macro infauna Dogger Bank Central North 
Sea 

plaice  No Bottom trawling has widespread impacts on benthic communities and habitats. 
It is argued that the impact of chronic bottom trawling on benthic infauna 
depends on the natural disturbance levels to which benthic communities are 
adapted. We analysed biomass, production and size structure of two 
communities from a muddy and a sandy habitat, in relation to quantified 
gradients of trawling disturbance on real fishing grounds. We used an allometric 
relationship between body mass and individual production to biomass ratio to 
estimate community production. Chronic trawling had a negative impact on the 
biomass and production of benthic communities in the muddy habitat, while no 
impact was identified on benthic communities from the sandy habitat. These 
differences are the result of differences in size structure within the two 
communities that occur in response to increasing trawling disturbance. 

Jennings, S., T.A. 
Dinmore, D.E. 
Duplisea, K.J. Warr & J. 
Lancaster, (2001). 
Trawling disturbance 
can modify benthic 
production processes. 
Journal of Animal 
Ecology 70: 459–475. 

Beam trawl not reported not reported Muddy sand 
and sand 

40 to 75 Moderate 
(deeper than 
target site 
however 
sediments 
similar and 
some of the 
same species 
mentioned , 
although 
community data 
pooled for 
analysis)  

Size 
composition 
and production 
of benthic fauna 

Silver Pit and 
Hills regions on 
the central 
North sea 

Central North 
Sea 

Beam Trawls 
since 1970s 

Otter and beam trawls used in the 
area, however the impacts of the 
beam trawl are considered greater 

No 1. Trawling disturbance has wide-ranging impacts on the marine environment 
and is well known to modify benthic habitat and community structure. This has 
led to speculation about the positive and negative impacts of trawling on 
ecosystem processes such as production. 
2. Existing theory suggests that frequent trawling disturbance may lead to the 
proliferation of smaller benthic species, with faster life histories, because they 
can withstand the mortality imposed by trawling and benefit from reduced 
competition or predation as populations of larger species are depleted. Since 
smaller species are more productive, trawling disturbance may ‘farm the sea’, 
with knock-on benefits for consumers, including fish populations. 
3. We conducted the first large-scale studies of trawling effects on benthic 
production across quantified gradients of trawling disturbance on real fishing 
grounds in two regions (Silver Pit and Hills) of the North Sea. There were 27- 
and 10-fold differences in levels of beam trawl disturbance among the Silver Pit 
and Hills sites, respectively. 
4. Size structure was described using normalized size-spectra, and the slopes 
and intercepts of these spectra were related to levels of trawling disturbance.  
production was estimated from the size spectra, using a new allometric 
relationship between body mass and the production to biomass (P:B) ratio of 
marine  invertebrates. The general validity of the relationship was confirmed 
using a phylogenetic comparative approach. 
5. In the Silver Pit region, trawling led to significant decreases in infaunal 
biomass and production. The abundance of larger individuals was depleted 
more than smaller ones, as reflected by the positive relationship between the 
slope of the normalized size spectra and trawling disturbance. The effects of 
trawling disturbance were not significant in the epifaunal community. In the Hills 
region, where the range of trawling disturbance was lower, trawling disturbance 
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did not have significant effects on biomass or production. 6. In the Silver Pit, 
relative infaunal production (production per unit biomass) rose with increased 
trawling disturbance. This was attributable largely to the dominance of smaller 
animals in the disturbed communities. The increase in relative production did 
not compensate for the loss of total production that resulted from the depletion 
of large individuals. There was some evidence for the proliferation of small 
polychaetes at moderate levels of disturbance, but at higher levels of 
disturbance their biomass and production fell. 
7. We conclude that reported increases in the biomass and production of small 
infaunal invertebrates in the North Sea are attributable largely to recent 
increases in primary production that were driven by climate change, and not to 
the effects of trawling disturbance. 

Kaiser, M.J., Hill, A.S., 
Ramsay, K., Spencer, 
B.E., Brand, A.R., Veale, 
L.O., Prudden, K., Rees, 
E.I.S., Munday, B.W., 
Ball, B. & Hawkins, S.J. 
(1996). Benthic 
disturbance by fishing 
gear in the Irish Sea: a 
comparison of beam 
trawling and scallop 
dredging. Aquatic 
Conservation: Marine 
and Freshwater 
Ecosystems. 6: 269-
285 

Beam trawl (4 
m) 

4 m c.3.5 t in air sand & gravel not reported Low (response 
data mainly 
epifauna, similar 
sediment, 
smaller/lighter 
gear) 

Epifauna SW coast of Isle 
of Man within 
Bradda inshore 
scallop ground 

NW Europe various 4m commercial beam trawl fitted 
with a chain matrix and an 80mm 
diamond mesh cod end, towed at a 
speed of ca. 4 knots 

No 1. The distribution of effort for the most frequently used mobile demersal gears 
in the Irish Sea was examined and their potential to disturb different benthic 
communities calculated. Fishing effort data, expressed as the number of days 
fished, was collated for all fleets operating in the Irish Sea in 1994. For each 
gear, the percentage of the seabed swept by those parts of the gear that 
penetrate the seabed was calculated.  
2. For all gears, the majority of fishing effort was concentrated in the northern 
Irish Sea. Effort was concentrated in three main locations: on the muddy 
sediments between Northern Ireland and the Isle of Man (otter and Nephrops 
trawling); off the north Wales, Lancashire and Cumbrian coast (beam trawling); 
the area surrounding the Isle of Man (scallop dredging).  
3. In some areas, e.g. between Anglesey and the Isle of Man, the use of scallop 
dredges and beam trawls was coincident. A comparative experimental study 
revealed that scallop dredges caught much less by-catch than beam trawls. 
Multivariate analysis revealed that both gears modified the benthic community 
in a similar manner, causing a reduction in the abundance of most epifaunal 
species.  
4. Although beam trawling disturbed the greatest area of seabed in 1994, the 
majority of effort occurred on grounds which supported communities that are 
exposed to high levels of natural disturbance. Scallop dredging, Nephrops and 
otter trawling were concentrated in areas that either have long-lived or poorly 
studied communities. The latter highlights the need for more detailed 
knowledge of the distribution of sublittoral communities that are vulnerable to 
fishing disturbance. 

Kaiser, M.J., Clarke, 
K.R., Hinz, H., Austen, 
M.C.V., Somerfield, P.J., 
Karakassis, I. (2006) 
Global analysis of 
response and recovery 
of benthic biota to 
fishing. Marine 
Ecology Progress 
Series. Vol. 311:1-14 

Beam trawl / 
otter trawl 

various not reported various various Moderate 
(meta-analysis, 
therefore gives 
an indication of 
the relative 
impacts of 
different gear-
habitat 
combinations) 

Benthic fauna Various Europe, 
America, 
Australia, New 
Zealand 

various Various No Towed bottom-fishing gears are thought to constitute one of the largest global 
anthropogenic sources of disturbance to the seabed and its biota. The current 
drive towards an ecosystem approach in fisheries management requires a 
consideration of the implications of habitat deterioration and an understanding 
of the potential for restoration. We undertook a meta-analysis of 101 different 
fishing impact manipulations. The direct effects of different types of fishing gear 
were strongly habitat-specific. The most severe impact occurred in biogenic 
habitats in response to scallop-dredging. Analysis of the response of different 
feeding guilds to disturbance from fishing revealed that both deposit- and 
suspension-feeders were consistently vulnerable to scallop dredging across 
gravel, sand and mud habitats, while the response of these groups to beam-
trawling was highly dependent upon habitat type. The biota of soft-sediment 
habitats, in particular muddy sands, were surprisingly vulnerable, with predicted 
recovery times measured in years. Slow-growing large-biomass biota such as 
sponges and soft corals took much longer to recover (up to 8 yr) than biota with 
shorter life-spans such as polychaetes (<1 yr). The results give a possible basis 
for predicting the outcome of the use of different fishing gears in a variety of 
habitats with potential utility in a management context. 

Queirós, A.M., J.G. 
Hiddink, M.J. Kaiser & 
H. Hinz, (2006). Effects 
of chronic bottom 
trawling disturbance 
on benthic biomass, 
production and size 
spectra in different 
habitats. Journal of 
Experimental Marine 
Biology and Ecology 
335(1): 91-103. 

Beam trawl / 
otter trawl 

12 m x 2 not reported Sandy - 
moderate 
hydrodynamic 
conditions, with 
wind driven 
waves and high 
currents that 
make sand 
transport 
sudden and 
unpredictable 
near the seabed 

c. 30 Moderate 
(community 
data, similar 
gear and 
habitat) 

Community 
biomass and 
size spectra 

Dogger Bank North Sea plaice  No An analysis of the biomass, production and size structure of two communities 
from a muddy and a sandy habitat, in relation to quantified gradients of 
trawling disturbance on real fishing grounds. We used an allometric relationship 
between body mass and individual production to biomass ratio to estimate 
community production. Chronic trawling had a negative impact on the biomass 
and production of benthic communities in the muddy habitat, while no impact 
was identified on benthic communities from the sandy habitat. These 
differences are the result of differences in size structure within the two 
communities that occur in response to increasing trawling disturbance. 
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Tillin, H.M., Hiddink, 
J.G., Jennings, S., 
Kaiser, M.J. (2006). 
Chronic bottom 
trawling alters the 
functional 
composition of 
benthic invertebrate 
communities on a sea-
basin scale. Marine 
Ecology Progress 
Series 318: 31-45. 

Beam trawl / 
otter trawl 

24 m not reported mud, gravelly 
sand, sand 

25 to 153 Moderate (lack 
of specific gear 
information, 
similar habitats) 

Epifauna 
(Biological traits 
and functional 
composition0 

Fladen ground, 
North Sea 

North west 
Europe 

Otter trawls for 
Nephrops 
norvegicus & 
gadoids, beam 
trawls since the 
1970s for 
flatfish 

either one 24 m wide otter trawl or 
two 12 m wide beam trawls 

No Bottom trawling causes widespread physical disturbance of sediments in seas 
and oceans and affects benthic communities by removing target and non-target 
species and altering habitats. One aspiration of the ecosystem approach to 
management is to conserve function as well as biodiversity, but trawling impacts 
on benthic community function need to be understood before they can be 
managed. Here we present the large scale and long term impact of chronic 
trawling on the functional composition of benthic invertebrate communities 
using a comprehensive set of functional traits. The effects of chronic trawling 
disturbance on the functional composition of faunal benthic invertebrate 
communities, as sampled with a small beam trawl, were investigated at 6 to 13 
sites in each of 4 contrasting regions of the North Sea. Each site was subject to 
known levels of trawling disturbance. Information on the life history and 
ecological function traits of the taxa sampled was translated into fuzzy coding 
and used to analyse the relationship between life history and functional roles 
within the ecosystem. Multivariate analyses were used to examine changes in 
the distribution of traits over gradients of trawling intensity. Changes in the 
functional structure of the community due to the effects of long-term trawling 
were identified in 3 of the 4 areas sampled. Filter-feeding, attached and larger 
animals were relatively more abundant in lightly trawled areas, while areas with 
higher levels of trawling were characterised by a higher relative biomass of 
mobile animals and infaunal and scavenging invertebrates. Univariate analysis of 
selected traits confirmed the patterns observed in multivariate analysis. These 
results demonstrate that chronic bottom trawling can lead to large scale shifts in 
the functional composition of benthic communities, with likely effects on the 
functioning of coastal ecosystems. 

Svane, I., Hammett, Z., 
Lauer, P. (2009). 
Impacts of trawling on 
benthic macro-fauna 
and -flora of the 
Spencer Gulf prawn 
fishing grounds 
Estuarine, Coastal and 
Shelf Science 82: 621-
631. 

Otter trawl 29.26 m not reported Sites 1, 2, 4, 5: 
sand. Site 3: fine 
gravel and low 
silt-clay  

21 to 26 Moderate 
(similar gear 
and habitat, 
different 
species) 

Epifauna Spencer Gulf, 
Australia 

Australia Prawn trawling 
for Melicertus 
latisulcatus 

Prawn trawling vessels use a double 
demersal otter trawl with a minimum 
mesh size of 4.5cm and a maximum 
headline length of 29.26m 

No The overall effects of trawling on benthic habitats and their assemblages are 
dependent on the distribution and intensity of trawl effort. The benthic habitats 
of the Spencer Gulf prawn trawling grounds are subjected to known variable 
levels of trawling disturbance recorded from fisher’s logbooks. These habitats 
have not been quantitatively investigated. The aim of the study was firstly to 
characterise the macro-faunal and -floral assemblages and secondly, to 
comparatively assess trawl impact by testing the null hypothesis of no 
differences between five sites exposed to different intensity of trawl effort. The 
distribution and abundance of benthic macro-fauna and -flora were studied at 
two sampling resolutions by using beam trawl sampling (w10,000 m2) and 
underwater stereophotography (w4.5 m2) at five sites with different levels of 
trawl disturbance (effort). The results showed that the Spencer Gulf prawn 
trawling grounds are characterised by sandy sediments with a low content of silt 
and clay, with the exception of one site with very fine gravel. Biomass, 
abundance and cover of macro-fauna and -flora were generally low throughout, 
but with large differences among sites. Biomass, abundance and cover were 
found to be negatively correlated to both trawl hours from 1994–1998 and 
during the period of study. ANOSIM and SIMPER analyses using biomass, 
abundance and percentage cover as variables showed significant differences 
between sites with eight species or taxonomic groups contributing more than 
10% to the observed similarity within sites. The two northern sites were 
dominated by sponges and the 
bearded mussel, Trichomya hirsutus, and the southern hammer oyster, Malleus 
meridianus. Other species that contributed to the similarity within sites were the 
ascidian, Polycarpa viridis, mobile epifauna (the blue swimmer crab, Portunus 
pelagicus, and the western king prawn, Penaeus (Melicertus) latisulcatus) and 
demersal fish species (Degens leatherjacket, Thamnaconus degeni, and the 
Melbourne silver belly, Parequula melbournensis). Simpson’s Index of Diversity 
(1   l) and species richness in the beam trawl samples were fairly even across all 
sites, but a significant effect of site was found in the stereophotographic 
transect samples. It was concluded that prawn trawling has a strong influence 
on the structure of the benthic habitats of the Spencer Gulf prawn fishing 
grounds highlighted by the magnitude of change and the strength of the 
gradient of effects. Confounding factors linked to the biophysical attributes of 
the sites are believed to be minor. 

Gordon,D.C. et al. 
(2009). SUMMARY OF 
THE WESTERN BANK 
OTTER 
TRAWLING 
EXPERIMENT (1997-
1999): EFFECTS ON 
BENTHIC HABITAT 
AND COMMUNITIES. 
Canadian Technical 
Report of Fisheries 

Otter trawl 
(Engel 145) 

60 m between 
the doors 

1250 kg 
polyvalent otter 
boards 

Sandy, and 
gravel 

average 70 m Moderate 
(similar 
sediment, much 
larger and 
heavier gear 
used) 

Epifauna and 
Infauna 

Western bank, 
Nova Scotia and 
Grand Banks of 
Newfoundland 

North-western 
Atlantic 

Flatfish    The trawl had a door spread of 60 ± 
5 m while the spread of the footgear 
and net wings was 20 ± 2 m. The 
trawl was rigged with 46 cm 
diameter rockhopper footgear and 
had mesh sizes of 180 mm in the 
wings and belly with 130 mm in the 
cod end. 

Yes During 1997-1999 we conducted a three-year manipulative experiment on the 
effects of repetitive otter trawling on a gravel bottom ecosystem on Western 
Bank, an offshore fishing bank on the Scotian Shelf. At least 12 replicate trawl 
sets were made each year, one after the other, along the same line (2 km long) 
using an Engel 145 otter trawl. The experimental trawling had very limited 
immediate impacts on the benthic community (i.e. within a few days). Over three 
years of trawling, some polychaetes and amphipods showed decreases in 
abundance and biomass but no significant differences in community 
composition were evident. Abundance/biomass comparisons showed a marked 
decrease in the relative biomass of the highest ranking species which was not 
seen along the reference lines.  Assessing all results, the species most sensitive 
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and Aquatic Sciences 
2822 

to trawling disturbance were the horse mussel Modiolus modiolus, the tube-
dwelling sabellid worm Thelepus cincinnatus, the brachiopod Terebratulina 
septentrionalis and burrowing anemone Cerianthus sp. All these species are 
epibenthic, sessile and relatively large. 

Gilkinson K, Paulin M 
Hurley S, 
Schwinghamer P 
(1998) Impacts of 
Trawl Door Scouring 
on Infaunal Bivalves: 
Results of a Physical 
Trawl Door 
Model/Dense Sand 
Interaction. Journal of 
Experimental Marine 
Biology and Ecology. 
224: 291-312. 

Otter trawl n/a The trawl doors 
used by 
offshore 
commercial 
stern trawlers 
fishing the 
Grand Banks 
weigh in excess 
of 1000 kg each 

Laboratory 
simulation 

n/a Moderate (can 
be used to infer 
impacts of 
ploughing, 
penetration and 
compaction on 
bivalves) 

Bivalve 
displacement 
and damage 

Simulated 
seabed of the 
northeastern 
Grand Banks of 
Newfoundland 

n/a Flatfish and Cod The main component of the trawl 
door model (TDM) was the shoe 
which was taken from an otter board 
used with the Engel 145 DFO survey 
trawl. The scour path width of 53 cm 
was close to the range of widths of 
trawl door scour marks (60–90 cm) in 
the fishery 

Yes The physical interaction of otter trawl doors with the seabed and the associated 
damage to infaunal bivalves were simulated in a laboratory test tank using a 
full-scale otter trawl door model. A scour test was performed in a sand testbed 
constructed to simulate a seabed on the northeastern Grand Banks of 
Newfoundland. As it scoured the testbed, the trawl door model created a 2 cm 
deep furrow, the pre-determined scouring depth of the trawl door shoe, and an 
adjacent berm of displaced frontal spoil along the trailing edge of the trawl 
door. Bivalves in the scour path at the sediment-water interface in two replicate 
experimental blocks were displaced to the berm, and 58% and 70% of displaced 
specimens which were originally buried were completely or partially exposed at 
the testbed surface. Out of a total of 42 specimens which had been placed in 
the scouring zone, two showed major damage. We propose a mechanism to 
explain the apparent anomaly of bivalve displacement with little associated 
damage based on sediment mechanics, and size and life position of infaunal 
bivalve species living on this bottom type. 

Hinz, H., V. Prieto & M 
.J. Kaiser, (2009). Trawl 
disturbance on 
benthic communities: 
chronic effects and 
experimental 
predictions. Ecological 
Applications 19(3): 
761– 
773. 

Otter trawl assumed to be 
60 m 

not reported fine sand + 
muddy 
sediment 
deposits 

21 to 42 Moderate 
(similar 
sediment, depth 
and species 
reported, 
however  larger 
and heavier 
gear used) 

Infauna, 
Epifauna 

Irish Sea, off 
Cumbrian coast 

North west 
Europe 

Gadoid fish and 
Nephrops 

Day boats, the majority > 20 m in 
length 

No Bottom trawling has widespread impacts on benthic communities and habitats. 
While the direct impacts of trawl disturbances on benthic communities have 
been extensively studied, the consequences from long-term chronic 
disturbances are less well understood. The response of benthic macrofauna to 
chronic otter-trawl disturbance from a Nephrops norvegicus (Norway lobster) 
fishery was investigated along a gradient of fishing intensity over a muddy 
fishing ground in the northeastern Irish Sea. Chronic otter trawling had a 
significant, negative effect on benthic infauna abundance, biomass, and species 
richness. Benthic epifauna abundance and species richness also showed a 
significant, negative response, while no such effect was evident for epibenthic 
biomass. Furthermore, chronic trawl disturbance led to clear changes in 
community composition of benthic infauna and epifauna. The results presented 
indicate that otter-trawl impacts are cumulative and can lead to profound 
changes in benthic communities, which may have far-reaching implications for 
the integrity of marine food webs. Studies investigating the short-term effects 
of fishing manipulations previously concluded that otter trawling on muddy 
substrates had only modest effects on the benthic biota. Hence, the results 
presented by this study highlight that data from experimental studies can not 
be readily extrapolated to an ecosystem level and that subtle cumulative effects 
may only become apparent when fishing disturbances are examined over larger 
spatial and temporal scales. Furthermore, this study shows that data on chronic 
effects of bottom trawling on the benthos will be vital in informing the recently 
advocated move toward an ecosystem approach in fisheries management. As 
bottom-trawl fisheries are expanding into ever deeper muddy habitats, the 
results presented here are an important step toward understanding the global 
ecosystem effects of bottom trawling 

DeBiasi, A.M., and 
Pacciardi, L. (2008). 
Macrobenthic 
communities in a 
fishery exclusion zone 
and in a trawled area 
of the middle Adriatic 
Sea (Italy).Ciencias 
Marinas,vol. 34, núm. 
4: 433-444. 

Otter trawl Variable not reported sand / silty sand 
- homogeneous 
abiotic 
environment 
and a low level 
of natural 
disturbance 

52 to 54 Moderate 
(similar 
sediment, 
slightly deeper, 
a few similar 
species, lack of 
gear 
information) 

Infauna Central Adriatic 
Sea 

Mediterranean medium sized 
to big otter 
trawlers and 
infrequently by 
beam trawlers 

 No Macrobenthic communities in a commercial fishing ground (middle Adriatic Sea) 
exploited by otter trawling were compared with communities living in an area 
closed to fishing for over 10 years located near a gas platform. Our data 
highlighted significant differences in macrofaunal community structure between 
the two areas. In addition, the macrofaunal communities in the fished area 
displayed evidence of a higher level of stress compared with the other one. 
Several taxa reported in the literature as being sensitive to trawling (e.g., Ebalia 
tuberosa, Callianassa subterranea) were markedly more abundant in the area 
not affected by fishing. Macrofaunal community analysis using the index of 
multivariate dispersion and k-dominance curves provided evidence of stress in 
the fished area; however, it is not possible to predict whether the patterns 
observed will remain consistent over time based on only two temporal 
replicates. It is likely that the magnitude of the macrofaunal community 
response to fishing changes during the year according to season and fishing 
effort. 

McConnaughey, R. A., 
and Syrjala, S. E. 
(2014). Short-term 
effects of bottom 
trawling and a storm 
event on soft-bottom 
benthos in the eastern 
Bering Sea. – ICES 
Journal of Marine 
Science, doi: 
10.1093/icesjms/fsu05

Otter trawl not reported Footrope ~700 
kg; 31 x 23 kg 
for 
disks/bobbins; 
43 m trawl rope 

sandy 
substrates, 
mostly 
homogeneous 
fine sands, with 
a nearly 
symmetrical to  
positively 
skewed 
distribution of 
particles. Sand 

45 to 57 Moderate 
(similar habitat 
and natural 
disturbance 
levels, similar 
taxa, gear width 
not reported) 

Infauna & 
epifauna 

Bristol Bay 
region 

Eastern Bering 
Sea 

Yellowfin Sole, 
red king crab 
(however 
experiment 
carried out in 
unfished zone) 

NETS 91/140 two-seam Aleutian 
combination otter trawl, rigged and 
deployed in a manner consistent 
with common practices of the Pacific 
cod fleet in Alaska (NET Systems Inc. 
USA, Bainbridge Island, Washington). 
Thyboron model 120 conventional V-
design trawl doors were used. The 
ground contact parts, in order from 
the doors to the net, consisted of 27-
m bare-wire sweeps (which remained 

No A Before–After Control–Impact (BACI) experiment was conducted to investigate 
the effects of a commercial bottom trawl on benthic invertebrates in a sandy 
and previously untrawled area of the eastern Bering Sea. Six pairs of 
experimental and control corridors were sampled with a research trawl before 
and after four consecutive tows with the commercial otter trawl. A major storm 
event occurred during the experiment, and it was possible to differentiate its 
effect from that of the trawling using the BACI model. Species composition 
changed very little; Asterias amurensis and Paralithodes camtschaticus 
comprised over 80% of the total invertebrate biomass (kg ha21) during each 
year of the study. In general, the commercial trawl did not significantly affect the 
biomass of the benthic invertebrate populations. The trawling effect after 4–14 d 
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4 was the 
predominant 
size grade, 
ranging from 
91.3–98.7%. The 
remaining 
fraction 
included up to 
2.1% gravel, 
3.0% silt and 
7.6% clay 

mostly off-bottom), 82-m wire 
sweeps covered with 7.6-cm rubber 
disks, and 27-m wire bridles covered 
with 7.6-cm rubber disks. The trawl 
footrope was 43-m long with a 
combination of 46-cm diameter 
rubber disks (n ¼ 15) and bobbins (n 
¼ 16) separated by 84-cm wide 
spacers made up of 20-cm diameter 
rubber disks. This footrope weighed  
700 kg in water, 60% of which was 
from steel components, including 
cylindrical weights, chain and 
toggles. This  averaged 23 kg of 
weight per contact surface (disk or 
bobbin). The forward 6.8-m 
segments on either side were 
detached from the net in a flying-
wing configuration. The headrope 
was a 28-m steel cable with 18 36-
cm diameter floats, corresponding to 
327 kg of buoyancy. 

was statistically significant in three of the 24 taxa that were analysed, which was, 
as expected, because of nothing more than random variation with a ¼ 0.10. 
Biomass immediately after the trawling disturbance was lower for 15 of the taxa 
and higher for the other nine, with a median change of 214.2%. Similarly, the 
effect of trawling on invertebrate biomass after one year was not statistically 
significant for any of the taxonomic groups (p ≥ 0.23), indicating no evidence of 
a delayed response to the commercial-trawl disturbance. Further analysis 
suggests that storms have an overall greater effect on the benthos than do 
bottom trawls at this location. Both the numbers of taxa significantly affected by 
trawling and the storm (3 vs. 12), as well as the median sizes of these effects 
214.2% vs. 222.0%), were greater for the storm event. Results from this study are 
combined with those from a related investigation of chronic trawling effects to 
propose an adaptive management strategy for the study region, including 
rotating area closures to mitigate for temporary trawling effects. 

Bergmann, M. And 
Moore, P.G. (2001). 
Mortality of Asterias 
rubens and Ophiura 
ophiura discarded in 
the Nephrops fishery 
of the Clyde Sea area, 
Scotland. ICES Journal 
of Marine Science Vol 
58 531-542  

Otter trawl not reported not reported soft substrata not reported   Low (lack of 
information on 
substrate type 
and gear 
weight/size, 
impacts only 
assessed for 
two species) 

Asterias rubens 
& Ophiura 
ophiura 

Clyde Sea Western 
Scotland 

Nephrops single-rigged (mesh size 70 mm) 
and twin-rigged (mesh size 80 mm) 
Nephrops trawls 

No The Clyde Sea Nephrops fishery produces large amounts of invertebrate 
discards. Of these, up to 80% (by numbers) are echinoderms, including the 
starfish Asterias rubens and the brittlestar Ophiura ophiura. The short- and 
longer-term mortality of these species was determined after trawling in order to 
gain reliable estimates of trawl induced mortality. Short-term mortality was 
assessed after trawling and periods of aerial exposure on deck, and ranged from 
0–31%, with A. rubens showing lower mortality. Mortality of haphazardly 
collected echinoderms of various sizes and degrees of damage was monitored 
over one month to determine longer-term mortality. The effects of injury on 
starfish survival were also examined, as were the effects of trawling and aerial 
exposure on O. ophiura survival and A. rubens righting time. Injured A. rubens 
had a significantly higher long-term mortality (22–96%) than controls (4%). 
Trawling and aerial exposure significantly increased righting times of A. rubens, 
implying susceptibility to stress and an increased risk of predation. Moribund A. 
rubens developed white lesions containing bacteria (Vibrio metschnikovii and 
Acinetobacter sp.) and mortality rates only stabilised in the third week after 
trawling. In contrast, all trawled O. ophiura died within 14 d. Immediate re-
immersion in sea water resulted in lower, but nevertheless high, mortality (91%). 
Our results suggest that post-trawling mortality of discarded echinoderms has 
been underestimated in the past. 

Engel, J and Kvitek, R. 
(1998). Effects of Otter 
Trawling on a Benthic 
Community in 
Monterey Bay National 
Marine Sanctuary. 
Conservation Biology, 
Vol. 12, No. 6. Pages 
1204-1214.  

Otter trawl average net 
width 20 m 

not reported gravel, coarse 
sand, medium–
fine sand, and 
silt–clay 

180 Low (sediment 
type not clearly 
reported, no 
similar species 
mentioned, 
deep sites) 

Infauna & 
Epifauna 

Monterey Bay 
National Marine 
Sanctuary 

Off Central 
California 

Groundfish  No Bottom trawling is one of the most disruptive and widespread human-induced 
physical disturbances to seabed communities and has become a global 
environmental concern. We used a comparative approach to test the hypothesis 
that persistent otter trawling decreases bottom habitat complexity and 
biodiversity, increases the abundance of opportunistic species, and benefits prey 
important in the diet of some commercially valuable fish. We compared two 
similar and adjacent fishing areas at 180 m off central California in Monterey 
Bay National Marine Sanctuary: one inside the three-mile coastal zone of 
restricted fishing with light levels of trawling and one beyond the three-mile 
limit with high levels of trawling. Differences in fishing effort between the two 
areas were confirmed and quantified by means of data and tow number 
statistics from Pacific Fishery Management Council (PFMC) Trawl Logbook 
records. We used still photography, video footage, bottom grab samples, and 
experimental trawling to compare the physical and biological parameters of the 
two areas. The area with high levels of trawling had significantly more trawl 
tracks, exposed sediment, and shell fragments and significantly fewer rocks and 
mounds and less flocculent material than the lightly trawled area. Most 
invertebrate epifauna counted were significantly more abundant in the lightly 
trawled area. The density of the amphinomid polychaete, Chloeia pinnata, as 
well as that of oligochaetes, ophiuroids, and nematodes, were higher every year 
in the highly trawled area, and there were significantly fewer polychaete species 
every year in the highly trawled area. Content analysis of fish guts showed that 
C. pinnata was a dominant prey item for some of the commercially important 
flatfishes in both lightly and heavily trawled areas. Our study provides evidence 
that high levels of trawling can decrease bottom habitat complexity and 
biodiversity and enhance the abundance of opportunistic species and certain 
prey important in the diet of some commercially important fishes. Our work also 
illustrates how constraints currently imposed on fisheries research by the near 
universal absence of true unfished control sites severely limit our ability to 
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determine appropriate levels of harvest pressure for maintaining sustainable 
fisheries and marine biodiversity. Valid research in these areas will require 
marine reserves in which fishing effort and methods can be manipulated in 
collaborative studies involving fishers, researchers, and resource agencies. 

Prantoni, A.L., Lana, 
P.D.C., Sandrini-Neto, 
L., Filho, O.A.N. & de 
Oliveira, V.M. (2013). 
An experimental 
evaluation of the 
short-term effects of 
trawling on infaunal 
assemblages of the 
coast off southern 
Brazil. Journal of the 
Marine Biological 
Association of the 
United Kingdom. 93 
(2):495-502 

Otter trawl 2.2 m (each 
mouth) 

doors 40 kg 
each 

Sediment is 
relatively 
homogeneous, 
with low silt and 
clay content, 
and a 
dominance of 
moderately to 
well-sorted fine 
sands  

10 Low-Moderate 
(similar depth, 
sediment, 
different 
species, 
lighter/smaller 
gear) 

Infauna and 
Epifauna 

Brazilian coast eastern south 
America 

Commercial 
trawling 

Two standard cod end nets (11 m 
long with 11 m between the sleeves 
and 2.20 m of mouth) were operated 
simultaneously. The distance 
between opposite knots in the mesh 
was 40 mm in the sleeve and 30 mm 
in the bag with the net stretched. 
The four doors used (two for each 
net) were wooden rectangles, with 
an iron base, measuring 1.20 m by 
0.50 m and weighing 40 kg. 

No Bottom trawling is a large-scale fishing activity along the Brazilian coast, but its 
effects on benthic infauna are still poorly known. This is the first experimental 
evaluation of benthic responses to bottom trawling along the Brazilian coast. 
We tested the effects of trawling on macroinfaunal assemblages on the inner 
continental shelf off Parana´ (southern Brazil) by using a sampling design with 
adjacent trawl and control areas. We hypothesized that if trawl fishing has a 
negative effect then we should expect lower numbers of species and lower 
benthic densities after an experimental trawling. Sampling was conducted at 
adjacent sites within each area to minimize confounding due to spatial variation. 
Five sites were sampled at a control, and five at an experimental area for 
infaunal and sedimentological variables. Sampling was carried out just before 
and one hour after experimental trawling. Multidimensional scaling followed by 
a PERMANOVA did not show any clear variation tendencies in the structure of 
the benthic assemblages in the impacted area before and after trawling. 
However, variance analysis showed a significant and unexpected increase in 
infaunal total density, in the density of the numerically dominant species (except 
for the polychaetes Capitella sp. and Loandalia tricuspis) and in species richness 
in the experimental area. Conversely, no significant variations were recorded in 
the control area. We suggest that the overall increase in benthic density after a 
disturbance is correlated with the reworking of the sediment matrix and benefits 
the suspension-feeders after sediment resuspension. 

Thrush,S.F. et al. 
(1998). Disturbance of 
the marine benthic 
habitat by commercial 
fishing: impacts at the 
scale of the fishery. 
Ecological 
Applications 8(3): 866-
879 

Otter trawl  not reported 480 kg trawl 
doors 

Some sites 
muddy, others 
sandy "These 
sites varied in 
sediment 
characteristics 
from 1 to 48% 
mud" 

17 to 35 Low (different 
species, heavier 
gear, gear width 
not reported) 

Infauna & 
Epifauna 

Hauraki Gulf, 
New Zealand 

New Zealand Fin-fishery for 
snapper 
(Chrysophrys 
auratus) and 
scallop (Pecten 
novaezelandiae) 
fishery 

otter trawl gear: 480 kg trawl doors, 
ground rope of 140 - 150 mm 
diameter rubber bobbins & steel 
balls, total ground rope mass 
(including sweeps & bottom bridles) 
is 240kg.  

  Commercial fishing is one of the most important human impacts on the marine 
benthic environment. One such impact is through disturbance to benthic 
habitats 
as fishing gear (trawls and dredges) are dragged across the seafloor. While the 
direct effects of such an impact on benthic communities appear obvious, the 
magnitude of the effects has been very difficult to evaluate. Experimental 
fishing-disturbance studies have demonstrated changes in small areas; however, 
the broader scale implications attributing these changes to fishing impacts are 
based on long-term data and have been considered equivocal. By testing a 
series of a priori predictions derived from the literature (mainly results of small-
scale experiments), we attempted to identify changes in benthic communities at 
the regional scale that could be attributed to commercial fishing. Samples along 
a putative gradient of fishing pressure were collected from 18 sites in the 
Hauraki Gulf, New Zealand. These sites varied in water depth from ;17 to 35 m 
and in sediment characteristics from ;1 to 48% mud and from 3 to 8.5 mg 
chlorophyll a/cm3. Video transects were used for counting large epifauna and 
grab/suction dredge and core sampling were used for collecting macrofauna. 
After accounting for the effects of location and sediment characteristics, 15–20% 
of the variability in the macrofauna community composition sampled in the 
cores and grab/suction dredge samples was attributed to fishing. With 
decreasing fishing pressure we observed increases in the density of 
echinoderms, longlived surface dwellers, total number of species and 
individuals, and the Shannon-Weiner diversity index. In addition, there were 
decreases in the density of deposit feeders, small opportunists, and the ratio of 
small to large individuals of the infaunal heart urchin, Echinocardium australe. 
The effects of fishing on the larger macrofauna collected from the grab/ suction 
dredge samples were not as clear. However, changes in the predicted direction 
in epifaunal density and the total number of individuals were demonstrated. As 
predicted, decreased fishing pressure significantly increased the density of large 
epifauna observed  in video transects. Our data provide evidence of broad-scale 
changes in benthic communities that can be directly related to fishing. As these 
changes were identifiable over broad spatial scales they are likely to have 
important ramifications for ecosystem management and the development of 
sustainable fisheries. 

Van Dolah, R.F., 
Wendt, P.H., Levisen, 
M.V. (1991). A study of 
the effects of shrimp 
trawling on benthic 
communities in two 
South Carolina 
sounds. Fisheries 
Research 12: 139-156. 

Shrimp trawl not reported not reported sand /sandy 
mud / muddy 
sand (well to 
poorly sorted) 

not available Low (lack of 
gear and habitat 
information, 
different species 
reported) 

Infauna (by 
taxonomic 
group) 

St. Helena 
Sounds, South 
Carolina 

Eastern North 
America 

not reported not reported No Two estuarine sounds in South Carolina were studied to evaluate the effects of 
commercial shrimp trawling on the abundance, diversity and species 
composition of benthic infaunal assemblages. In each sound, two areas were 
sampled just prior to the opening of the shrimp trawling season and then again 
after 5 months of trawling activities. One area was located in a portion of the 
sound which was actively trawled and the other area was located in a nearby 
portion of the sound closed to trawling. Significant differences were observed 
between sampling periods in both sounds with respect to total faunal 
abundance, the relative abundance of dominant taxa, and the total number of 
species. Changes in species composition were also noted between sampling 
dates. Indices of species diversity and the relative proportion of species 
representing major taxonomic groups in each area were generally similar over 
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time. The reduction in faunal abundance and number of species  observed in all 
four areas during the second sampling period was more likely due to natural 
seasonal variability rather than trawling effects since there were no significant 
differences between trawled and non-trawled sites with respect to these 
parameters. There were also no obvious differences in species composition 
among the trawled vs. non-trawled areas based on cluster analysis. Although 
this study was not designed to address all of the potential impacts of trawling 
activities on benthic organisms, lack of any consistent differences among sites 
with respect to the community parameters assessed suggests that 5 months of 
trawling in the areas studied did not have a pronounced effect on the 
abundance, diversity or composition of the soft-bottom communities sampled. 

Currie, R. C., Dixon, C. 
D., Roberts, S.D., 
Hooper, G.E., sorokin, 
S.J., Ward, T. M. (2011) 
Relative importance of 
environmental 
gradients and 
historical trawling 
effort in determining 
the composition and 
distribution of benthic 
macro-biota and a 
large inverse estuary. 
Fisheries research, 107, 
184-195. 

Prawn trawl 2m×14.63 m-
wide nets 

not reported Predominantly 
bare soft 
sediments 

10 to 90 Low (different 
species due to 
geographical 
location, some 
sample sites 
much deeper, 
however 
impacts could 
be inferred) 

Macrofauna Spencer Gulf  South Coast, 
Australia 

Prawn   double-rig prawn gear (2m×14.63 
m-wide nets with 4.5cm 
diamond mesh cod-ends) 

No In this paper we describe the composition and distribution of benthic macro-
biota in Spencer Gulf, South Australia, and evaluate the contributions of prawn 
trawling effort and local environmental factors to observed spatial patterns. 
Quantitative samples of benthos were obtained from 120 sites using commercial 
prawn trawling gear, and 4.2 tonnes of benthos belonging to 395 species and 
12 phyla collected. Fish, prawns and crabs dominated the catch and together 
comprised 96% of the total abundance and 82% of the total biomass. These 
motile taxa also represented 38% of the total species richness. Overall catch 
weights were strongly correlated with abundance, and both parameters were 
highest on the western side of the Gulf where nutrient-rich water from the shelf 
flows inwards. In contrast, species richness was highest in the east where 
nutrient-depleted water flows out of the Gulf. A combination of univariate 
(ANOVA) and multivariate (MDS, ANOSIM) statistical techniques were used to 
evaluate possible trawl-related impacts on individual species, species groupings 
and communities. ANOVA tests showed no significant (p < 0.05) trawl-related 
differences in overall species richness, abundance or biomass. Individual species 
did, however, show significant but contradictory patterns in relation to historical 
trawling effort. The abundances and biomasses of 6 of the 20 most common 
species were significantly (p < 0.05) higher on the most intensively trawled 
grounds, while 5 of the 20 most common species were significantly (p < 0.05) 
lower. ANOVA tests were also applied to species grouped by phyla to evaluate 
their susceptibility to past trawling effort. These tests confirmed that sponges, 
bryozoans and fish were significantly (p < 0.05) less prevalent on the heavily 
trawled areas. Despite such differences, MDS showed that benthic communities 
were similar at sites with different trawling histories. These same multivariate 
techniques also confirmed that putative trawl-related differences in community 
structure were small when compared to those associated with latitude. A strong 
environmental gradient was identified between the north and south of the Gulf, 
and effectively overwhelmed any trawl-related differences in benthos. This 
gradient was classified into four  geographical regions supporting different 
biotic assemblages. Latitude and depth accounted for most ( w = 0.641) of this 
spatial variation in community structure, but it is likely that other unmeasured 
factors play an important role in structuring the benthic biota of the Gulf. 

Wells, R. J. D., James H. 
Cowan Jr, and William 
F. Patterson III. 2008. 
Habitat use and the 
effect of shrimp 
trawling on  fish and 
invertebrate 
communities over the 
northern Gulf of 
Mexico continental 
shelf. – ICES Journal of 
Marine Science, 65: 
1610–1619 

Prawn trawl 12.8 not reported sand sites with 
interspersed 
mud, low-relief 
shell-rubble 
sites (,1 m 
vertical relief; 
,40% CaCO3), 
high-relief 
shell-rubble 
sites (1 –3 m 
vertical relief; 
.40% CaCO3), 
and high-relief 
(.2 m vertical 
relief) reef site 

c.20 m Low-moderate 
(different 
location/species
) 

Benthic fauna north Central 
Gulf of Mexico 

USA prawn single otter trawl 12.8 m wide, with 
4-cm mesh 

No The goals of this study were to characterize habitat-specific fish and 
invertebrate community structure over sand, shell-rubble, and natural reef 
substrata, and to assess the effects of trawling on the sand and shell-rubble 
habitats and their associated communities during quarterly trawl surveys over a 
2-year period. Fish and invertebrate communities differed significantly among 
habitat types [analysis of similarities (ANOSIM); Global R ¼ 0.436, p , 0.001), and 
with respect to trawling exposure (ANOSIM; Global R ¼ 0.128, p , 0.001). Habitat 
characteristics were quantified from video transects sampled with a remotely 
operated vehicle, and included percentage coverage of tubeworms, bryozoans, 
anemones, corals, and algae, significantly affecting fish community structure. 
Diversity indices differed among habitats, with the highest Shannon diversity 
(H0 ) and Pielou’s evenness (J 0 ) over shell-rubble, specifically non-trawled 
shell-rubble. In addition, higher values of H0 and J 0 were found over trawled 
sand relative to non-trawled sand habitats. Length frequency distributions of 
several abundant fish species showed truncated size distributions over trawled 
and non-trawled habitats and were both habitat- and species-specific. The study 
describes habitat-specific differences in community structure, highlighting the 
differences between trawled and non-trawled areas on the northern Gulf of 
Mexico continental shelf 

Drabsch, S. L., Tanner, 
J. E., & Connell, S. D. 
(2001). Limited 
infaunal response to 
experimental trawling 
in previously 
untrawled areas. ICES 
Journal of Marine 

Triple Otter 
prawn trawler 

̴20 (combined) The two otter 
boards weighed 
200 kg each and 
the two skids 
240 kg each (in 
air) 

medium-coarse 
sand and shell 
fragments, fine 
silt 

̴20 Moderate (triple 
otter trawl, 
Similar depth 
and sediments, 
southern 
hemisphere) 

Infauna Gulf St. Vincent South Australia Otter trawling 
for western king 
prawns  

Trawling was done at night and 
under supervision by a locally 
chartered commercial triple otter 
prawn trawler (the ‘‘Jillian Sandra’’) in 
October 1999. The combined sweep 
of the nets was  20 m. The two 102 
m213 cm otter boards weighed 200 
kg each and the two skids 240 kg 

No There is considerable argument about the effects of bottom trawling on the 
benthos. Many studies have been done on recently trawled grounds, where 
community composition has already been modified, and further effects are likely 
to be minimal. This study tests the effect of trawling on macroinfaunal 
assemblages in an area where little or no trawling had occurred in the previous 
15 years. A spatially replicated Before-After, Control-Impact (BACI) design was 
used, with adjacent trawl and control corridors. Sampling was done in the same 
two small sites within each corridor before and after trawling to minimise 
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Science: Journal du 
Conseil, 58(6), 1261-
1271. 

each (in air). The trawler made ten 
adjacent passes along each trawl 
corridor, which was then repeated to 
ensure complete coverage, so on 
average, the entire corridor was 
trawled twice. 

confounding due to spatial variation. Despite this rigorous design, changes 
consistent with an effect of trawling were not detected. At only one of the three 
locations was a potential effect detected. These inconsistent results could be 
due to different disturbance regimes at each location, influencing the 
vulnerability of fauna to further disturbance. Given the high levels of variability 
in infaunal assemblages, however, the changes could also be due to 
asynchronous natural variation. The combination of high spatial and temporal 
variability, in association with light trawling gear, means that prawn trawling in 
South Australia does not have consistent effects on infauna. 

Frid, CLJ, Clark, RA, 
Hall, JA. (1999). Long-
term changes in the 
benthos on a heavily 
fished ground off the 
NE coast of England. 
Marine Ecology 
Progress Series 188: 
13-20. 

Shrimp trawl not reported not reported Site P:Sediment 
has a silt-clay 
content of >50 
%, of which 20% 
is faecal pellets. 
Site M1: 
Predominantly 
sandy sediment 
with 20% silt-
clay content 

55 to 80 Moderate for 
site M1 (similar 
sediments, 
some of the 
same species, 
55 m depth) 

Infauna & 
Epifauna 

Northumberlan
d coast, NE 
England 

North Sea Nephrops Not reported No Long-term monitoring of 2 benthic stations off the Northumberland coast, NE 
England, at 80 and 55 m depth, has been carried out since 1971 The 80 m 
station is located within a Nephrops norvegicus fishing ground, while the 55 m 
station is located outside of the main fished area. In this study we compare the 
fauna of the heavily fished site with that of the shallower site over a period 
during which fishing effort changed. Changes in macrofaunal abundance at the 
station outside the fishing ground reflected changes in organic input. This was 
also the case at the fished station except during the period of highest fishing 
activity when this relationship broke down. This suggests that the dynamics of 
the macrobenthos at this station were influenced by fishing activity. Individual 
taxa were categorised a priori, based on literature accounts of their response to 
fishing. At the site outside the fishing ground the proportion of individuals 
predicted a priori to increase and that predicted to decrease in response to the 
direct effects of fishing did not vary. At the heavily fished station the increase in 
fishing effort in the early 1980s did not alter the abundance of the taxa 
predicted to decline, but the abundance of individuals in taxonomic groups 
predicted to increase did change in the predicted direction. The differences in 
the dynamics of the 2 stations. which differed in their fishing intensity, provide 
some evidence for a role of direct effects of fishing in determining the 
abundance and composition of coastal macrofauna. 

Gibbs, P.J., Collins, A.J. 
and Collett, L.C., 1980. 
Effect of otter prawn 
trawling on the 
macrobenthos of a 
sandy substratum in a 
New South Wales 
estuary. Aust. J. 
Freshwater Res., 31: 
509-516. 

Otter prawn 
trawl 

11m in length not reported silt and clay(0-
30%) 

not reported Moderate 
(depth not 
reported, but 
likely to be 
shallow. Similar 
width beam) 

Infauna & 
epifauna 

New South 
Wales 

Australia Prawn 38 mm mesh, no tickler chains. The 
fishing gear used was a locally 
designed commercial otter prawn 
trawl approximately 10 m in length 
with mesh of 38-mm aperture size 
and flat otter boards 1075 by 537 
mm with chain spiders. The foot-
rope of the net was 8-mm wire cable. 
Vessels 8.5m in length 

No The effect of the use of otter trawling gear (of the type commonly employed for 
prawn fishing in New South Wales estuaries) on the macrobenthos of a sandy 
substratum was studied. The effect was assessed by direct quantitative sampling 
of the macrobenthos at three treatment sites and one control site on three 
occasions: before and after intensive trawling, prior to the opening of the 
commercial prawning season. and again at the close of the commercial season. 
Underwater observations of otter trawl nets were also made. The similarity of 
sites was examined using numerical clustering techniques as a preliminary step 
to statistical comparisons of epifaunal, infaunal and 'whole' faunal community 
indices (No. of individuals. No. of species and Shannon species diversity) by 
analysis of variance. From both the quantitative sampling and underwater 
observations, it was shown that the otter prawn trawling gear used did not 
cause any detectable changes in 
the macrobenthic fauna of the trawl grounds. 

Polet, H., Delanghe, F., 
and Verschoore, R. 
2005. On electrical 
fishing 
for brown shrimp 
(Crangon crangon). I. 
Laboratory 
experiment. 
Fisheries Research, 72: 
1–12. 

Shrimp trawl n/a n/a n/a n/a High (for direct 
impacts of 
electrical pulse 
only) 

response of 
shrimp to 
electrical pulses 

Laboratory Laboratory n/a MJX-50, Tongfa-98, LWY and LPG 
pulse generators were used. The 
tests started with a pulse amplitude 
<1V, which gradually increased in 
steps of 1V. This was done until all 
shrimps responded 

No The fishery for brown shrimp (Crangon crangon) in the North Sea is carried out 
by more than 600 vessels with total annual brown shrimp landings of around 
20,000 t. Due to the small mesh size used, the catches also contain large 
amounts of unwanted by-catch. To find ways of reducing this by-catch, 
experiments were carried out with electric pulses. The basic idea was to 
selectively invoke a startle response with shrimp without stimulating any by-
catch species. A selective groundrope could then be used in combination with 
electric pulses to obtain catch separation.  As a preparation for sea trials, 
laboratory experiments were carried out. The pulse generators were tested for 
their basic characteristics. Experiments were carried out with fish and 
invertebrate species that are frequently caught in the brown shrimp fishery. The 
effect of pulse amplitude and frequency in relation to ambient parameters on 
the response of these animals was tested. To assess the effect of the pulses on 
these animals, survival experiments were carried out. The main conclusion was 
that shrimps react strongly to the pulses and most of the other species regularly 
caught in shrimp trawls do not, so selective electro-fishing has potential. The 
survival tests indicated that the pulses have no effect on the survival and 
general behaviour of the animals that have been in the electric field 

Soetaert et al. (2014). 
Determining the safety 
range of electrical 
pulses for two benthic 
invertebrates: brown 
shrimp (Crangon 
crangon L.) and 
ragworm (Alitta virens 
S.) 

Pulse trawl   n/a n/a laboratory 
experiment 

n/a High (for direct 
impacts of 
electrical pulse 
only) 

Exposure 
reaction to 
pulse 

Laboratory Laboratory n/a All pulses were generated by a 
laboratory pulse generator (LPG, 
EPLG bvba, Belgium) with a 
maximum output of 150 V, 280 A, 
and 42 kW peak 

No Pulse trawling is currently the most promising alternative for conventional beam 
trawls targeting sole and shrimp, meeting both the fisher’s aspirations and the 
need for more environmentally friendly fishing techniques. Before 
electrotrawling can be further developed and implemented on a wider scale, 
however, more information is needed about the effects of electrical pulses on 
marine organisms. The organisms used in the present experiments were brown 
shrimp (Crangon crangon L.) and king ragworm (Alita virens S.) as model species 
for crustaceans and polychaetes, respectively. These animals were exposed to a 
homogeneously distributed electrical field with varying values of the following 
parameters: frequency (5– 200 Hz), electrical field strength (150–200 V m21), 
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pulse polarity, pulse shape, pulse duration (0.25–1 ms), and exposure time (1–5 
s). The goal of this study was to determine the range of safe pulses and thereby 
also to evaluate the effect of the pulses already being used on commercial 
electrotrawls. Behaviour during and shortly after exposure, 14-d mortality rates, 
and gross and histological examination were used to evaluate possible effects. 
The vast majority of shrimp demonstrated a tail flip response when exposed to 
electric pulses depending on the frequency, whereas ragworm demonstrated a 
squirming reaction, independent of the frequency. No significant increase in 
mortality or injuries was encountered for either species within the range of pulse 
parameters tested. Examination of the hepatopancreas of shrimp exposed to 
200 V m21 revealed a significantly higher severity of an intranuclear baculoform 
virus infection. These data reveal a lack of irreversible lesions in ragworm and 
shrimp as a direct consequence of exposure to electric pulses administered in 
the laboratory. Despite these promising results, other indirect effects cannot be 
ruled out and further research hence is warranted.  

van Marlen, B., de 
Haan, D., van Gool, A., 
Burggraaf, D. 2009. 
The effect of pulse 
stimulation on marine 
biota – Research in 
relation to ICES advice 
– Progress report on 
the effects on benthic 
invertebrates. ICES 
Document C103/09. 
53 p 

Pulse trawl       unable to locate 
document 

       

Polet, H., Delanghe, F., 
and Verschoore, R. 
2005. On electrical 
fishing 
for brown shrimp 
(Crangon crangon). II. 
Sea Trials. Fisheries 
Research, 72: 13-27. 

Pulse trawl   8 not reported not reported not reported Low (no details 
of habitat type 
or depth) 

catches of 
shrimp, fish and 
bycatch 

Flemish Banks 
off the Belgian 
coast 

North Sea not reported The pulse generators were fitted to 
the beam of the trawl and connected 
to the electrodes rigged into the net 
mouth. The two electrode arrays 
shown in Fig. 1 were tested. A chain 
was rigged for the connection of the 
electrodes, lying 50 cm apart, 
between the two beam trawl shoes. 
The electrodes were partly loaded 
with light chains to assure moderate 
bottom contact. The groundrope was 
shortened to raise it closer to the 
bobbins.  

Yes To find ways of reducing the by-catch in the North Sea brown shrimp (Crangon 
crangon) fishery, experiments were carried out with electric pulses. The basic 
idea was to selectively invoke a startle response in shrimp without stimulating 
any by-catch species. A selective groundrope could then be used in 
combination with electric pulses to obtain catch separation. Sea trials with the 
electro-net showed that the raised groundrope created an escape route for 
most fish species regularly caught in shrimp trawls, while the electric field made 
the shrimps tail-flip high enough to be caught. The electro-net with raised 
groundrope and small meshes in the top panel gave satisfactory results. The 
losses of commercial shrimp catches were negligible. Part of the undersized 
commercial fish catch could escape and non-commercial fish and invertebrates 
were caught in lower numbers compared to the standard gear. Electric fishing 
can be a practical alternative to the standard shrimp trawl and could be an 
acceptable balance between the economic interests of the fishermen and the 
ecological demands of the marine ecosystem 

Woolmer, A., Maxwell, 
E and Lart, W. (2011). 
Effects of 
electrofishing for Ensis 
spp. on benthic 
macrofauna, epifauna 
and fish species. 
Seafish Report SR652, 
pp. 50. 

Pulse trawl   1.5 not reported sandy seabed not reported High (similar 
sediments, 
species 
reported) 

visual 
observations on 
epifauna & 
infauna 

Carmarthen Bay, 
Wales 

Cardigan Bay, 
Wales 

Razor clam 3 mild steel flat bar electrodes (30 
mm x 8 mm x 3000 mm) were 
attached to a 1.5 m wooden beam 

Yes The results of this study demonstrate that the effects of electrofishing gear 
employing relatively low DC voltage and amperage can be effectively used in 
the harvest of Ensis spp. without 
serious negative effects on the epifaunal and macrofaunal benthic community. 
Given the commonly reported negative effects of alternative approaches such as 
hydraulic and toothed dredges the results of 
this study suggest that further development work is warranted in order to 
develop less disturbing fishing gears, both for Ensis spp. and for other species. 

Murray, F.M., Copland, 
P., Boulcott, P. 
Robertson, M., Bailey, 
N. (2014). 
Electrofishing for 
Razor Clams (Ensis 
siliqua and E. 
arquatus): Effects on 
Survival and Recovery 
of Target and Non-
Target Species. 
Scottish Marine and 
Freshwater Science Vol 
5 No 14, pp. 45. 

Pulse trawl   not reported not reported sandy seabed <10 Moderate 
(similar 
sediments, 
species 
reported, lack of 
gear 
information) 

Ensis/benthic 
fauna - 
response & 
mortality 

East Fife, Loch 
Nevis, the Clyde 
Sea 

Scotland Razor clam The electric rig on these vessels was 
connected by copper cables to the 
generator via a transformer to 
reduce the output voltage to ~ 25 v 
and the current to ~ 80 A 

Yes Trawling and tank based trials were conducted to assess whether electrofishing 
(which is currently prohibited under EU regulations) for razor clams (Ensis siliqua 
and E. arquatus) affects survival and behaviour patterns in Ensis spp. and non-
target species. Boat trials in a number of areas identified that the main non-
target species most likely to be affected by this fishery are starfish species, crab 
species (predominantly 
hermit crabs), flatfish and sandeels. No mortalities were recorded as a direct 
result of the fishing equipment or electric field generated and any induced 
behavioural responses in non-target species were exhibited for a maximum of 
10 minutes following exposure. However, during this time stunned animals may 
be vulnerable to predation. These results suggest that electrofishing for razor 
clams does not have immediate or short term lethal effects, or prolonged 
behavioural effects, on vertebrate or invertebrate species exposed to the electric 
field generated. Further research is required to determine medium and long 
term effects. However, as electrofishing has a very low short term impact on 
non-target species and the seabed it warrants consideration as a viable fishing 
method for the commercial razor clam fishery in Scotland within sustainable 
limits. 
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Full Reference Fishing Gear Gear Width Gear Weight Habitat 
Depth the 
Study Took 
Place (m) 

Confidence Response Data Location Region Main Fisheries Gear Information 
Picture 
of the 
Gear 

Abstract 

Johnson, K.A. (2002). A 
review of national and 
international literature 
on the effects of 
fishing on benthic 
habitats. NOAA 
Technical 
Memorandum NMFS 
F/SPO, no. 57, 
Maryland, USA 

various various various various various A summary of 
literature of the 
impacts of 
different fishing 
gears 

       

Collie, J.S., Hall, S.J., 
Kaiser, M.J. And 
Poiner, I.R. (2000). A 
quantitative analysis of 
fishing impacts on 
shelf-sea benthos. 
Journal of animal 
ecology. Vol 69 785-
798 

various Various not reported mud, muddy 
sand, sand, 
gravel and 
biogenic. 

27 to 206 (beam 
/ otter trawls, 
but 89% of 
studies at 
depths <60 m)) 

Moderate 
(meta-analysis, 
therefore gives 
an indication of 
the relative 
impacts of 
different gear-
habitat 
combinations) 

Total 
individuals, total 
species 
(infauna/epifaun
a) 

Various, global Europe, 
America, 
Australia, New 
Zealand 

Various Various No 1. The effects of towed bottom-fishing gear on benthic communities is the 
subject of heated debate, but the generality of trawl effects with respect to gear 
and habitat types is poorly understood. To address this deficiency we undertook 
a meta-analysis of 39 published fishing impact studies. 2. Our analysis shows 
that inter-tidal dredging and scallop dredging have the greatest initial effects on 
benthic biota, while trawling has less effect. Fauna in stable gravel, mud and 
biogenic habitats are more adversely affected than those in less consolidated 
coarse sediments. 3. Recovery rate appears most rapid in these less physically 
stable habitats, which are generally inhabited by more opportunistic species. 
However, defined areas that are fished in excess of three times per year (as 
occurs in parts of the North Sea and Georges Bank) are likely to be maintained 
in a permanently altered state. 4. We conclude that intuition about how fishing 
ought to affect benthic communities is generally supported, but that there are 
substantial gaps in the available data, which urgently need to be filled. In 
particular, data on impacts and recovery of epifaunal structure-forming benthic 
communities are badly needed. 
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Many studies reported community responses, rather than species-specific responses to fishing 
impacts e.g. community production, total biomass, biological trait composition or body size structure. 
There were fewer studies on the impacts of shrimp trawls than for beam and otter trawls. This could 
be due to the fact that the impacts of shrimp trawls are considered to be considerably lower than the 
impacts of beam or otter trawls, largely due to the dynamic (mobile sand) nature of the habitats on 
which shrimp trawls are generally used and the lower weight of the gear. The use of beam and otter 
trawls is also more widespread due to their use in the capture of multiple species. 

E.2.3 Key studies 

Bergman & van Santbrink (2000)  

An experimental study looking at the direct mortality of 27 species/taxa after disturbance from a 12m 
beam trawl, a 4m beam trawl with ticklers or chain mat, and an otter trawl. The study reported that 
direct mortality per m2 trawled area due to fishing with a 12m beam trawl was not higher than that 
due to a 4m beam trawl. Of the three gear types, overall the 12m beam trawl caused the highest 
annual mortality of all species studied. Otter trawls caused similar mortality to beam trawls, except in 
silty areas where direct mortality from otter trawling was lower for a number of burrowing species. 

Kaiser et al. (1998)  

The effects of fishing with a 4m commercial beam trawl with a chain mat were not detectable in areas 
of mobile sediments off the north-east coast of Anglesey, Liverpool Bay.  The similarity of community 
composition between fished and control sites was reported. Certain species that contributed most to 
the differences before/after fishing disturbance were highlighted. The authors state that the lack of 
ability to detect small differences in the biomass of two important taxa (hydroids and Alcyonium 
digitatum) between the fished and control sites could be due to low statistical power. 

Bergman & Hup (1992) 

The study reports the abundance of species following disturbance by a 12m beam trawl. The size-
dependent depth preference of the common sea urchin (Echinocardium cordatum) is noted; the effect 
of trawling on densities of small individuals (mean sediment position of 2–4 cm depth) was much 
larger than on densities of larger individuals (mean sediment position of 10–12 cm depth). The 
difference in the effects of trawling on small and large sand-mason worms (Lanice conchilega) is 
probably related to the better escape possibilities of larger worms into their living tubes, which extend 
deeper into the sediment. 
 
Seasonal effects must also be taken into account when assessing the impacts of fishing gears e.g. 
assuming that most heart urchins within reach of the trawl gear will be killed; mortality may increase 
by up to c. 90 % during the relatively short reproduction season in summer, during which animals 
migrate to the surface layers of the sediment. 

De Groot & Lindeboom (1994) 

This report summarises findings for the impacts of beam trawls in the North Sea. A range of 
mortalities are reported for discarded, non-target species including undersized fish (70-100%), crabs 
and molluscs (50% or less) and starfish (<10%). Species that are impacted by the trawl but remain on 
the seabed are susceptible to the passage of the tickler chains leading to a reduction of abundance of 
0-85% in molluscs, 4-80% in crustaceans, 0-60 % in annelid worms and 0-45% in echinoderms. 
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Piet et al. (2000) 

Population mortality estimates are reported for 21 infauna and epifauna species, while accounting for 
variation in population size with depth and sediment grain size in the analysis. Direct mortality 
estimates for 18 of the species were based on Lindeboom & de Groot (1998). For two particular 
species, differences in mortality estimates based on body size, maturity and sex were accounted for. 
The effect of fishing effort data resolution was also assessed; higher resolution (1x1 nautical miles) 
that better reflected the patchy distribution of effort reduced mortality estimates by a factor of 0.7. 
 
It should be noted that although each of the studies above were assigned high confidence (based on 
assessment of the similarity of the gear/habitat combination to those in the present study and the 
level of detail reported for gear and habitat), all took place more than 15 years ago. During that time, 
gear developments and modifications have occurred and gear configurations may differ, which could 
alter the impacts of the gears. 

E.3 Biological Traits of Key Species 

E.3.1 Methods 

Patterns in the distribution of biological traits enables the quantification of ecological functioning and 
can be a useful tool in setting spatial boundaries for management (Frid et al., 2008) as different taxa 
demonstrate varying susceptibilities to fishing gears (Hinz et al., 2011). Sixteen key species, identified 
in the biotopes present within the study sites were assessed for seven biological traits. The biological 
traits included in the analysis were size range, morphology, living habit, sediment position, age at 
maturity and mobility. A prediction of the organisms’ ability to resettle or re-establish following 
displacement/disturbance from fishing gear was also included. 
 
Information on species’ traits was obtained from the sources listed below, as well as references from 
Szostek et al. (2015). If no species-specific information was available, trait characteristics were inferred 
from similar species or taxa. The following data sources were used: 
 
§ MarLIN.ac.uk (The Marine Life Information Network, including BIOTIC (Biological Traits 

Information Catalogue); 
§ Genustraithandbook.org.uk (Marine Macrofauna Genus Trait Handbook); 
§ EOL.org (Encyclopaedia of life); and 
§ Published literature. 

E.3.2 Results 

A table of biological traits for each of the 16 key species can be found in Table E2. No information on 
sediment position was available for the bivalve species (except Ensis), certain species of polychaete 
(Magelona mirabilis, Spio filicornis, Spiophanes bombyx) and the lancelet, Branchiostoma lanceolatum. 
With regard to the bivalve taxa, Ensis, Nucula and Corbula have siphons which barely extend beyond 
their shell. Therefore, the burying depth (shallowest part of shell to sediment surface) is likely to be 
zero or a few millimetres (T. Whitton, Bangor University, pers. comm.). Tapes and Venus have medium 
length siphons. Abra is a tellenid, therefore has fairly long flexible siphons and lies on its side in the 
sediment (T. Whitton, Bangor University, pers. comm.). 
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Table E2. The biological traits of species/taxa found in sandy habitats, and predictions of their ability to resettle/re-establish following disturbance 
from towed bottom fishing gear 

Species/Taxa 
Common 
Name 

Size 
Range 
(mm) 

Morphology Living Habit 
Sediment 
Position Mobility 

Age at 
Maturation 

Ability to 
Resettle/  
Re-Establish 

Notes 

Amphipods  <10-20 Exoskeleton Tube/ burrow-
dwelling 

0-1 cm Swim <1 yr Probably Mobile organism, probably 
able to move out of the path 
of fishing gear and resettle 
elsewhere 

Bathyporeia spp. sand digger 
shrimp 

<10 Exoskeleton Tube/ burrow-
dwelling 

0-1 cm Swim <1 yr Probably Mobile organism, probably 
able to move out of the path 
of fishing gear and resettle 
elsewhere 

Abra alba white burrow 
shell 

11-20 Exoskeleton Tube/ burrow-
dwelling 

no information Sessile <1 yr Probably Probably able to re-burrow 
following disturbance by 
fishing gear 

Corbula gibba basket shell 21-100 Exoskeleton Tube/ burrow-
dwelling 

0-1 cm Sessile 1-2 yr Yes Resistant to physical 
disturbance from fishing gear 
and changes in salinity and 
oxygen deprivation 

Ensis spp. razor clam 101-200 Exoskeleton Tube/ burrow-
dwelling 

0-1 cm Burrow 1-2 yr Possibly  

Fabulina fibula 
(Angulus fabula) 

bivalve 11-20 Exoskeleton Tube/ burrow-
dwelling 

no information Burrow 1-2 yr Possibly Shell is thin and fragile. May 
be able to resettle if 
undamaged during 
disturbance 

Nucula nitida bivalve 11-20 Exoskeleton Tube/ burrow-
dwelling 

0-1 cm Burrow 1-2 yr Probably Has ability to burrow and 
creep through sediment 

Venerid bivalves  
(e.g. Tapes,Venus sp.) 

bivalves 21-100 Exoskeleton Tube/ burrow-
dwelling 

no information Sessile 1-2 yr Possibly Vulnerable to physical 
disturbance from fishing gear 
but may be able to resurface 
from moderate amounts of 
sediment deposited during 
physical disturbance 

Echinocardium 
cordatum 

sea potato 21-100 Exoskeleton Tube/ burrow-
dwelling 

>10 cm Burrow 2-5 yr Possibly Likely to be vulnerable to 
physical disturbance from 
fishing gear but may be able 
to resurface through 
sediments deposited during 
physical disturbance 
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Species/Taxa Common 
Name 

Size 
Range 
(mm) 

Morphology Living Habit Sediment 
Position Mobility Age at 

Maturation 

Ability to 
Resettle/  
Re-Establish 

Notes 

Hydrallmania falcata Helter-skelter 
hydroid 

>200 Stalked Attached 0-1 cm Sessile <1 yr No Sessile, therefore vulnerable 
to physical disturbance from 
fishing gear and to the 
deposition of sediment 
mobilised during physical 
disturbance 

Sertularia cupressina whiteweed >200 Stalked Attached 0-1 cm Sessile <1 yr No Sessile therefore vulnerable to 
disturbance 

Lanice conchilega sand mason 
worm 

>200 Soft Tube/ burrow-
dwelling 

0-1 cm (tube 
can be up to 
65 cm long) 

Sessile <1 yr Probably Capable of movement only 
within the tube. Vulnerable to 
physical disturbance from 
fishing gear and to deposition 
of material mobilised by 
physical disturbance, however 
can rebuild its tube and 
recolonise an area following 
disturbance. Larger worms 
have longer tubes so can 
retract deeper and are less 
susceptible to surface 
penetration 

Magelona mirabilis bristleworm 101-200 Soft Tube/ burrow-
dwelling 

no information Burrow 1-2 yr Possibly Has some mobility within the 
sand, but is likely to be 
vulnerable to physical 
disturbance from fishing gear. 
It is probably tolerant of sand 
mobilised during fishing 
disturbance 

Nephtys cirrosa white catworm >200 Soft Tube/ burrow-
dwelling 

5 - 15 cm Swim/crawl/bu
rrow 

1-2 yr Possibly Capable of swimming as well 
as crawling and burrowing, 
however could probably re-
burrow if it survives fishing 
disturbance 

Spio filicornis bristleworm 21-100 Soft Tube/ burrow-
dwelling 

no information Burrow <1 yr Possibly Has some mobility within the 
sediment but is likely to be 
vulnerable to fishing 
disturbance and deposition of 
sediment. 
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Species/Taxa Common 
Name 

Size 
Range 
(mm) 

Morphology Living Habit Sediment 
Position Mobility Age at 

Maturation 

Ability to 
Resettle/  
Re-Establish 

Notes 

Spiophanes bombyx bristleworm 21-100 Soft Tube/ burrow-
dwelling 

no information Sessile <1 yr No Can move within the confines 
of the tube but is otherwise of 
very limited mobility, 
therefore unlikely to resettle 
following disturbance 

Branchiostoma 
lanceolatum 

lancelet 21-100 Soft Tube/ burrow-
dwelling 

no information Swim / burrow 2-5 yr Probably Has the ability to swim 
therefore could potentially 
avoid disturbance and re-
burrow. 
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The common sea urchin, Echinocardium cordatum, was ranked as being the most susceptible to 
mortality following a single pass of a beam/otter/prawn trawl by Bergman & van Santbrink (2000). 
This is due to a relatively large body size, hard (and relatively brittle) exoskeleton and low mobility. 
These traits mean that individuals will be unable to move out of the path of the fishing gear and are 
less likely to pass through unharmed, as smaller organisms may be able to. For this species, sediment 
position varies with size and season, therefore susceptibility will also vary. 
 
Most tube-dwelling polychaetes were predicted to be unable to resettle/re-establish following 
disturbance due to their sessile living habits. Direct impacts such as clam harvesting (that scrapes 
surface sediments) can have significant impacts on the abundance of L. conchilega (Toupoint et al. 
2008), However, L. conchilega forms dense aggregations and has the ability to burrow deep into the 
sediment and rebuild its tube, hence recovery of a population from physical disturbance can occur 
within a few months in areas of suitable habitat (Callaway et al. 2010). Hydroids are also predicted to 
lack the ability to resettle following disturbance as their stalked morphology causes high susceptibility 
to mortality from fishing gear. 
 
Although the exact sediment position could not be determined for most of the bivalve species, due to 
their small size and for some, relative mobility, all were predicted to potentially be able to resettle/re-
establish following disturbance. 
 
Across published studies, traits that are more frequently reported in locations of higher physical 
disturbance are: 
 
§ Scavengers (e.g. sea urchins); 
§ Deposit feeders (e.g. bivalves); 
§ Small opportunists (e.g. sand-hoppers; lancelet; small bivalves); 
§ Mobile (e.g. sand-hoppers; lancelet); 
§ Early maturity (e.g. amphipods; small bivalves; tube-dwelling worms). 

 
Traits more common in less disturbed habitats are: 
 
§ Large body size; 
§ Long-lived/ slow maturation;  
§ Soft/stalked (e.g. hydroids); 
§ Sessile (e.g. hydroids, tube-dwelling worms). 

E.4 Susceptibility of Species to the Penetration of Fishing 
Gear 

Following assessment of the biological traits, the relative susceptibility of each species to the physical 
penetration of fishing gear was assessed, based on their living position (depth) in the sediment (see 
Table E3). Susceptibility was also assessed based on five physical impacts of towed fishing gears 
defined in Lart (2012) (see Table E4).  
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Table E3. Susceptibility of species/taxa to mortality from physical disturbance by towed bottom-fishing gears to varying depths in the sediment. 
The susceptibility estimates below relate to that from immediate physical impact and do not reflect predicted recovery of individuals or 
populations 

Species/Taxa Common Name Surface Abrasion Only 
Penetration  
to 25 mm 

Penetration  
> 25 mm 

Notes/  
References 

Amphipods   Low very low very low 1, 2 
Bathyporeia spp. sand digger shrimp Low very low very low 1 
Abra alba white burrow shell very low low low 3 
Corbula gibba basket shell very low low low 4 
Ensis spp. razor clam very low low low 4 
Fabulina fibula  
(Angulus fabula) 

bivalve very low moderate moderate 1 

Nucula nitida bivalve very low very low very low 4 
Venerid bivalves  
(e.g. Tapes,Venus sp.) 

bivalves very low low low 3 

Echinocardium cordatum sea potato very low low-high low-high 1, 4 
Hydrallmania falcata Helter-skelter hydroid low-moderate low-moderate low-moderate 5, 6 
Sertularia cupressina whiteweed low-moderate low-moderate low-moderate 5, 6 
Lanice conchilega sand mason worm low-moderate moderate-high moderate-high 1 
Magelona mirabilis bristleworm very low very low very low 1 
Nephtys cirrosa  white catworm Low very low moderate 7 
Spio filicornis  bristleworm low-moderate high high 8 
Spiophanes bombyx bristleworm low-moderate high high 1 
Branchiostoma lanceolatum lancelet Low low-moderate low-moderate 9 
N.B.  Red text indicates a lack of information on sediment position; therefore it has been assumed that effects from deep and shallow penetration are the same. 
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Table E4. Susceptibility of species/taxa to mortality from five physical actions of towed bottom fishing gears, as defined by Lart (2012) 

Species/Taxa Common Name Hydrodynamic Sweeping Ploughing Compaction  Penetration 
Notes/ 
References 

Amphipods   low Low low very low very low 1, 2 
Bathyporeia spp. sand digger shrimp low Low low very low very low 1 
Abra alba white burrow shell very low very low low-moderate very low low 3 
Corbula gibba basket shell very low very low Low very low low 4 
Ensis spp. razor clam very low very low Low very low low 4 
Fabulina fibula  
(Angulus fabula) 

bivalve very low very low moderate very low moderate 1 

Nucula nitida bivalve very low very low very low very low very low 4 
Venerid bivalves  
(e.g. Tapes,Venus sp.) 

bivalves very low very low low very low low 3 

Echinocardium cordatum sea potato very low very low low-high very low low-high 1, 4 
Hydrallmania falcata Helter-skelter hydroid low low-moderate moderate-high moderate-high low-moderate 5, 6 
Sertularia cupressina whiteweed low low-moderate moderate-high moderate-high low-moderate 5, 6 
Lanice conchilega sand mason worm low-moderate low-moderate moderate-high low moderate-high 1 
Magelona mirabilis bristleworm very low very low very low very low very low 1 
Nephtys cirrosa  white catworm low Low moderate low moderate 7 
Spio filicornis  bristleworm low-moderate low-moderate high low high 8 
Spiophanes bombyx bristleworm low-moderate low-moderate high low high 1 
Branchiostoma lanceolatum lancelet low Low low-moderate low low-moderate 9 
 
Notes / References for Table E3 and Table E4: 
1  Bergman, M.J.N. and Hup, M. (1992). Direct effects of beam trawling on macrofauna in a sandy sediment in the southern North Sea. ICES Journal of Marine Science 49: 5-11.  
2  Hinz, H., Prieto, V. and Kaiser, M.J. (2009). Trawl disturbance on benthic communities: Chronic effects and experimental predictions. Ecological Applications. 19(3): 761-773. 
3  Inferred from morphology and the predicted susceptibility of other bivalve species. 
4  Bergman, M. J. N., and van Santbrink, J. W. (2000). Mortality in megafaunal benthic populations caused by trawl fisheries on the Dutch continental shelf in the North Sea in 1994. ICES Journal of 

Marine Science 57: 1321–1331. 
5  Although this species is apparently vulnerable due to morphology, some studies have failed to find effects from fishing disturbance. E.g. Kaiser, M.J., Edwards, D.B., Armstrong, P.J., Radford, K., 

Lough, N.E.L., Flatt, R.P. and Jones, H.D. (1998). Changes in megafaunal benthic communities in different habitats after trawling disturbance. ICES Journal of Marine Science55: 353–361.  
6  However, Collie, J.S., Escanero, G.A. and Valentine, P.C. (1997). Effects of bottom fishing on the benthic megafauna of Georges Bank. Marine Ecology Progress Series 155: 159-172, found greater 

biomass of hydroids at undisturbed sites. 
7  Tuck, I.D., Hall. S.J, Robertson, M.R., Armstrong, E. and Basford, D.J. (1998). Effects of physical trawling disturbance in a previously unfished sheltered Scottish sea loch. Marine Ecology Progress 

Series 162: 227-242. 
8  Susceptibility likely to be similar to that of Spiophanes bombyx. 
9  Lives in a burrow so potentially susceptible to ploughing and penetration, although can swim small distances. 
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The ‘susceptibility to mortality’ categories used in the assessment are defined in Table E5. 
Assessments were based on mortalities reported in primary literature, or where no information 
occurred, inferred from similar species/taxa, biological traits and knowledge of sediment position. 
 
Hydroids, the sand mason worm (L. conchilega), and two species of bristleworm showed the highest 
susceptibility to mortality from surface abrasion (all assessed as low – moderate), with all other taxa 
assessed as low or very low susceptibility to surface abrasion. However, L. conchilega has the ability to 
rebuild or extend its tube allowing it to to survive in unstable deposits and recover/recolonise within a 
few months of disturbance (Callaway et al. 2010). 
 
Bristleworms were assessed as high susceptibility to mortality at penetration of up to 25 mm and >25 
mm. The bivalve, Fabulina fibula was assessed as having moderate susceptibility at both of the latter 
penetration depths. The susceptibility of Nephtys cirrosa increased from very low when penetration is 
>25 mm, to moderate for penetration up to 25 mm. 
 
The susceptibility to mortality of the sea urchin, E. cordatum at both levels of penetration was assessed 
as low–high. This is due to the variation in susceptibility with body size and season; larger individuals 
bury deeper in the sediment so are less susceptible to surface abrasion than smaller individuals. 
Susceptibility also increases during the summer reproductive season when they migrate to the surface 
layers of the sediment (Buchanan, 1996). 
 
All other species were assessed as low or very low susceptibility to mortality from penetration at both 
penetration depths. Susceptibility to mortality is based on a combination of the biological traits 
displayed by each species and sediment position, in relation to the depth of impact. 
 

Table E5. The level of susceptibility to mortality assigned to taxa, based on the percentage of 
the population likely to die following disturbance from towed bottom fishing gears 

Level of Susceptibility to Mortality Percentage Mortality  
Very low <10 % mortality 

Low 10-25 % mortality 
Moderate 25-50 % mortality 

High 50-75 % mortality 
Very high >75 % mortality 
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F Exposure Analysis – VMS and Interviews 

F.1 VMS Data Analysis 

VMS data were used in this study to assess the swept area, footprint and frequency of disturbance 
from 15m and over vessels’ within each site.  The fishing footprint was based on a typical gear design 
for 15m and over vessels which usually fish within these sites. 

F.1.1 VMS datasets used in the analysis 

UK VMS data 

VMS data for UK registered vessels of 15m and over in length were supplied by MMO for the five-year 
period from 2009 to 2013, covering the full area of the ICES rectangles intersecting with the three 
assessment sites. The final dataset covering all 5 years was received on 26 June 2015. UK VMS data 
included the following fields: 
 
§ Unique (anonymous) vessel identifier; 
§ Latitude and longitude; 
§ Date and time; 
§ Gear type; and 
§ Speed. 

 
Gear type was identified by MMO by linking VMS records with logbook records by matching vessel ID, 
date and ICES rectangle. However, 61% of records had no gear type associated with them, because 
the pings fell in an ICES rectangle on a date for which that ICES rectangle was not reported in the 
vessel’s logbook. To address this problem, where a vessel had a gear type associated with some of the 
records in the dataset, ABPmer applied that gear type to all records for that vessel. Following this 
process, 27.5% of UK VMS records did not have a gear type associated with them. However, the 
proportion of unknown gear types varied considerably between the three assessment sites: 
 
§ North Norfolk Sandbanks and Saturn Reef SCI (NNSSR) – 49.8% of records had unknown gear; 
§ The Wash and North Norfolk Coast SAC (WNNC) – 19.3% of records had unknown gear; and 
§ Margate and Long Sands SCI (MLS) – 75.8% of records had unknown gear. 

 
For the VMS data analysis, records with unknown gear types were included with the gear types being 
assessed to produce a ‘worst-case’ scenario for analysis. Therefore, the higher the number of records 
with unknown gear, the higher the uncertainty in the results of the assessments. 
 
Following internal project discussions about the issue of unknown gears in the dataset, the Marine 
Conservation Enforcement Team (MCET) at MMO agreed to supply a new UK VMS dataset with 
improved gear type information where it had previously been recorded as unknown. The improved UK 
VMS dataset included manual gear fixes to the gear type based on the log trip data that occurred 
before or after the trip in question or by looking at the gear used in that month by the vessel. Where 
information wasn't readily available, coastal officers provided gear information based on their 
knowledge of vessels, including probable guardship duties carried out by fishing vessels. The 
improved UK VMS data were received by ABPmer on 28 October 2015. The proportion of unknown 
gear types in the improved dataset for the three sites was as follows: 



Supporting Risk-Based Assessments of Fisheries in MPAs    National Federation of Fishermen’s Organisations 

ABPmer, December 2015, R.2551  | F2 

 
§ NNSSR – 38.7% of records had unknown gear (little difference – blanks appeared to be 

reassigned to unknown or guardship); 
§ WNNC – 32.7% of records had unknown gear (the gear type appeared to have been lost from 

a large number of beam trawl vessels); 
§ MLS – 30.3% of records had unknown gear (significantly reduced unknown pings; previous 

dataset had 40% more ping records that would have been included in the assessment as otter 
trawl). 

Non-UK VMS data 

VMS data for non-UK registered vessels of 15m and over in length were supplied by MMO for the 5-
year period from 2009 to 2013, covering the full area of the ICES rectangles intersecting with the three 
assessment sites. The data were received by ABPmer on 19 June 2015.  
 
MMO matched vessel registration numbers with the EU Community Fleet Register (CFR) to provide the 
primary and secondary gear types as recorded in the CFR as a special output for this project. An 
anonymised individual vessel identifier was therefore provided in the dataset. There are uncertainties 
and inaccuracies in identifying gear type in this way (i.e. rather than from logbook data), as the 
primary and secondary gear types registered in the CFR reflect what was intended by the vessel owner 
at the original time of registration and may not reflect the actual fishing gears being used 
subsequently. 
 
Non-UK VMS data included the following fields: 
 
§ Unique (anonymous) vessel identifier;  
§ Latitude and longitude;  
§ Date and time;  
§ Primary gear;  
§ Secondary gear;  
§ Speed; and  
§ Time interval.  

 
There was a much lower proportion of unknown gear types in the non-UK VMS dataset, as follows: 
  
§ NNSSR – 0.1% of records had unknown gear; and 
§ MLS – 10.9% of records had unknown gear. 

 
There were no non-UK VMS ping records within the WNNC site. 

F.1.2 Gear configurations used in the analysis 

In order to analyse the overall impact, or footprint, of the different types and sizes of gear used by 
typical over-15m fishing vessels within the three assessment sites, generalised gear designs were 
created for each type of fishing gear. These designs also considered the relative impacts of the various 
components of the gear on the seabed.  
 
These gear designs and dimensions were used during the VMS data processing to create the gear 
impact polygons for the fishing activity being analysed at each assessment site (see Figure F2 to 
Figure F5). 
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Gear configurations for NNSSR 

 
1 – Full gear width to outer edges of beams = 32.5 m 
2 – Full width of each beam = 12 m 
3 – Beam shoes on inner and outer edges of gear = 0.7 m each  
4 – Tickler chains and ground rope = 10.6 m 
5 – No impact (vessel width to inner edges of beams) = 8.5 m 

Figure F1. Gear configuration for conventional beam trawlers in NNSSR 

 

 
1 – Full gear width to outer edges of beams = 32.5 m (assuming vessel width of 8.5 m) 
2 – Full width of each beam = 12 m 
3 – Nose shoe in centre of beams = 0.25 m 
4 – Wing ends (inner and outer edges of gear) = 0.10 m 
5 – Electrodes and ground rope = 5.775 m (or 5.78 if rounding) 
6 – No impact (vessel width to inner edges of beams) = 8.5 m 

Figure F2. Gear configuration for Pulse Trawlers in NNSSR 

 

Gear configuration for WNNC 

 
1 – Full gear width to outer edges of beams = 18 m 
2 – Full width of each beam = 7 m 
3 – Beam shoes on inner and outer edges of gear = 0.24 m 
4 – Ground rope = 6.52 m 
5 – No impact (vessel width to inner edges of beams) = 4 m 

Figure F3. Gear configuration for shrimp trawlers in WNNC 

 

1 2 3 4 5
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Gear configuration for MLS 

 
1 – Full gear width to outer edges of gear = 30.5 m 
2 – Full width of each beam = 15.25 m  
3 – Otter doors = 0.75 m 
4 – Skid between nets = 0.2 m 
5 – Ground rope = 14.4 m  

 

Figure F4. Gear configuration for over-15m UK otter trawlers (twin rig) 

 

 
1 – Full gear width to outer edges of gear = 29.9 m 
2 – Full width of each outer beam = 10.25 m 
3 – Otter doors = 1.0 m 
4 – Skid between nets = 0.3 m 
5 – Ground gear = 9.1 m 

Figure F5. Gear configuration for non-UK over-15m otter trawlers (triple rig) 

F.1.3 VMS data processing  

The VMS data were pre-processed by assigning a gear type to records which were blank or contained 
unknown gear types, where possible (see Section F.1.1). The data were then imported into ArcGIS with 
the data frame set to coordinate system WGS84 UTM30N. Various processing steps were carried out 
on the VMS data using ArcMap v.10.2, ArcGIS Pro and Microsoft Excel. These steps can be broadly 
categorised as: 

§ Create voyage IDs; 
§ Create vessel tracks; 
§ Create ‘gear tracks’;  
§ Create gear impact polygons (footprint);  
§ Intersect the gear impact polygons with the habitat data; 
§ Create annual and seasonal density grids from vessel tracks. 

1 2 3 4 5

1 2 3 4 5
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Step 1 – Create voyage IDs 

Firstly, an identification number was created for each fishing trip or ‘voyage’ based on the vessel ID 
and the time and distance between VMS fishing pings. The voyage ID was used to create the vessel 
tracks. 
 

1. Apply a query definition to select only the VMS fishing ping records with gear type(s) of 
interest for each assessment site as shown in Table F1. 

2. Select the VMS fishing ping records for the whole of the ICES rectangles that intersect with 
the assessment sites and export to a new feature class. 

Table F1. Gear types for VMS analysis 

Assessment 
Site 

Gear Types for 
Assessment 

UK VMS Gear Types for 
Analysis 

Non-UK VMS Gear Types 
for Analysis 

NNSSR Conventional beam trawls 
Pulse trawls (non-UK 
vessels only) 

Beam trawls or  
unknown (null) 

Beam trawls or unknown 
(null) 

WNNC Shrimpers Beam trawls or  
Miscellaneous gear or 
unknown (null) 

N/A 

MLS Otter trawls - bottom Otter trawls – bottom or 
Otter trawls (not spec) or 
unknown (null) 

Otter trawls – bottom or 
unknown (null) 

 
3. Calculate the X (easting) and Y (northing) coordinates and export the data to a spreadsheet 

for each assessment site. 
4. In Excel, sort the VMS data by vessel ID and then by date and time. 
5. Calculate the time difference between adjacent time stamps for all VMS ping records. 
6. Calculate the distance in metres between adjacent X (easting) and Y (northing) positions for all 

VMS ping records and convert the distance in metres to nautical miles. 
7. Calculate the ‘Voyage ID’ based on the time difference (a new voyage ID was assigned where 

the difference between adjacent time stamps was greater than 2 hours 10 minutes, to ensure 
all consecutive VMS pings were captured) and on the distance (a new voyage ID was assigned 
where the difference between adjacent records was greater than 15 nautical miles, based on 
the assumption that a vessel engaged in fishing would not travel further than this in 2 hours). 

8. Tidy up the spreadsheets by removing unnecessary fields to leave the following fields for re-
importing into ArcMap:  Object ID, Vessel ID, Vessel nationality, Length, Date & time, Year, 
Month, Rectangle, Latitude, Longitude, Gear Type, Speed, Time difference, X coordinate, Y 
coordinate, Distance (nm), Voyage ID. 

9. Import the final spreadsheets with Voyage IDs (8) into ArcMap and create a point feature class 
for each assessment site. 

Step 2 – Create vessel tracks 

Vessel tracks, or transit lines, were created from the VMS point data with assigned voyage IDs for the 
gear types being assessed. 
 

10. Convert the points (9) to polylines using the ArcGIS tool “Points to Line” based on the Voyage 
ID and sorted by Date & Time. 

11. Prepare the final spreadsheet at (8) for joining to the polylines, by deleting fields to leave only 
Object ID, Vessel ID, Vessel nationality, Year, Month, Gear and Voyage ID and remove 
duplicate Voyage IDs. 
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12. Join the vessel track polylines (10) to the voyage data (11) using the Voyage ID field and 
export the joined data to a new polyline feature class. 
 

 

Figure F6. Create vessel tracks 

Step 3 – Create gear tracks 

The centre line or track of each component of the gear design was created by offsetting the vessel 
track by a specific distance based on the gear designs in F.1.2. These ‘gear tracks’ were used to create 
the polygons or footprints for each gear component.   
 

13. Use the ArcGIS tool “Copy Parallel” to reproduce polylines on both sides of the central vessel 
track line (12), offset at a set distance depending on the gear type design and for each gear 
component. Table F2 lists the various distances used to offset the vessel tracks to create the 
‘gear tracks’. 
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Figure F7. Create gear tracks for each gear component 

 

Figure F8. Create gear tracks for each gear component (zoomed-in view) 

Step 4 – Create gear impact polygons 

The gear impact polygons were created by buffering the ‘gear tracks’ by specific distances based on 
the gear designs in F.1.2. These impact polygons, or footprints, were used to intersect with the habitat 
data in order to calculate the area of impact by the gear on sensitive habitats or biotopes. 
 

14. Use the ArcGIS tool “Buffer” to create polygons of specific widths for each component of the 
gear designs, based around the central gear track (13). The buffer distances used in this tool 
are listed in Table F2. 
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Table F2. Gear track offset and buffer distances 

Assessment 
Site 

VMS Gear Type 
Vessel 
Nationality 

Relative Impact 
of Gear 
Component 

Offset 
Distance 
(m) 

Buffer 
Distance 
(m) 

NNSSR Pulse Trawl  Dutch only High 10.25 0.125 
NNSSR Pulse Trawl  Dutch only Medium (inner) 7.2375 2.8875 
NNSSR Pulse Trawl  Dutch only Medium (outer) 13.2625 2.8875 
NNSSR Pulse Trawl  Dutch only Low (inner) 4.3 0.05 
NNSSR Pulse Trawl  Dutch only Low (outer) 16.2 0.05 
NNSSR Beam Trawl  UK & Non-UK High (inner) 4.6 0.35 
NNSSR Beam Trawl  UK & Non-UK High (outer) 15.9 0.35 
NNSSR Beam Trawl  UK & Non-UK Medium  10.25 5.3 
WNNC Beam Trawl  UK only High (inner) 2.12 0.12 
WNNC Beam Trawl  UK only High (outer) 8.88 0.12 
WNNC Beam Trawl  UK only Low  5.5 3.26 
MLS Otter Trawl (Twin Rig) UK only High 14.875 0.375 
MLS Otter Trawl (Twin Rig) UK only Medium  0 0.1 
MLS Otter Trawl (Twin Rig) UK only Low 7.3 7.2 
MLS Otter Trawl (Triple Rig) Non-UK only High 14.45 0.5 
MLS Otter Trawl (Triple Rig) Non-UK only Medium  4.7 0.15 
MLS Otter Trawl (Triple Rig) Non-UK only Low (inner) 0 4.55 
MLS Otter Trawl (Triple Rig) Non-UK only Low (outer) 9.4 4.55 
 
 

 

Figure F9. Gear impact polygons for individual gear components (indicated as ‘High’, 
‘Medium’ & ‘Low’) for UK otter trawl 

15. Clip the gear impact polygons to the boundaries of each assessment site. 
16. Dissolve the gear impact polygons to remove internal boundaries. 

Step 5 – Intersect gear impact polygons with habitat data 

The final gear impact polygons were intersected with the habitat or biotope data to calculate the area 
of each type of habitat which is impacted by the fishing gear, based on the VMS data provided. 
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17. Use the ArcGIS tool “Intersect” to intersect the gear impact polygons (16) with the habitat or 

biotope data for each assessment site. 
18. Calculate the area (km2) of each intersect using the ArcGIS tool “Calculate Geometry” and 

export the data to a spreadsheet. 
19. In Excel, use pivot tables to calculate the total area of each habitat/biotope type impacted by 

the fishing gear. 
 
Creating the polygons for the different gear components resulted in overlaps between the polygons 
(e.g. polygons for different gear components overlapped each other, UK overlapped non-UK 
polygons). Therefore, it was necessary to remove the areas of overlap in order to avoid double-
counting these in the assessment of impact on the seabed habitat. 
 

20. Remove areas of overlapping polygons for each assessment site. This was done in two ways 
based on the limitations of the size of the data to be processed:  
- For MLS, which was a smaller site, the ET Geowizard tool “Erase” was used in ArcMap to 

remove the area of an impact polygon of a gear component with a greater impact from 
polygons of gear components with lesser impacts for UK and non-UK vessels. Then the 
UK and non-UK polygons for each gear component were intersected and the area of the 
intersects was calculated. These intersected areas were later deducted from the total areas 
in Excel. 

- For NNSSR and WNNC, which were larger sites, the ArcGIS tool “Intersect” was used to 
intersect the gear impact polygons and calculate the area of the intersects, which were 
later deducted from the total areas in Excel. 

 

 

Figure F10. ‘Low’ gear impact polygon after erasing impact polygons for Gear Components 
with higher levels of impact 

Step 6 – Create annual and seasonal density grids 

Density grids showing the count of fishing vessel movements within a grid cell were created from the 
vessel track data. A grid cell size of 250 m x 250 m was used because this resolution was fine enough 
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to show the pattern of fishing, but not so coarse that the file size was too big for processing of the 
data.  
 

21. Create a rectangle of the extent of the grid required for each assessment site. 
22. Create a grid using the ArcGIS tool “Create Fishnet” with a cell size of 250 m x 250 m.  
23. Run a spatial join to join the VMS vessel tracks (12) to the grid (22). 
24. Run the ArcGIS tool “Summary Statistics” to carry out a count of vessel tracks by month and 

by year. 
25. In Excel use pivot tables to sum the counts of vessel tracks for each year and calculate the 

annual average for the annual density grids. 
26. In Excel use pivot tables to sum the counts by month and calculate seasonal averages for the 

seasonal density grids. 
27. Join the data in the annual and seasonal counts (26) to the grid (22) and finally, clip the grid to 

the assessment boundary. 
 

 

Figure F11. Final Annual Average Density Grid for MLS 

F.2 Interview Data Analysis 

For under-15m vessels, data collected during the interview process were analysed and the fishing 
areas, which each interviewee had drawn on a paper copy of the UKHO navigation chart, were 
digitised in ArcMap. The resultant fishing polygons were intersected with the habitat/biotope data 
(using the ArcGIS tool “Intersect”) to calculate the area of each habitat type located within the fishing 
polygons. This information was exported to a spreadsheet for further analysis and for combining with 
the interview data on fishing patterns relating to each area (percentage of time fishing, or number of 
days fishing) and the months during which they fish in each area) as well as information on gear 
specification. 
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The swept area for each fishing polygon for each fisherman per month was calculated with the 
following formula: 

Swept area (km2) = Number of days fishing in the polygon x Number of tows per day  
x Tow speed (in km/hr) x Gear width (in km) 

 
 
The swept areas were then applied pro-rata to the biotopes within each polygon, and further pro-
rated according to the percentage of the gear footprint attributed to each gear component. These 
areas were then summed across the interviewees for each biotope.  
 
The swept areas were then scaled up by an appropriate factor, to account for the whole under-15m 
fleet that is active within each site.  In Margate and Long Sands SCI, this was a factor of two, based on 
an estimate of the number of vessels interviewed, and the overall number of under-15m vessels active 
in the site.  In The Wash and North Norfolk Coast SAC, originally a scaling factor of three was used, 
based on the number of vessels interviewed compared to the number of under-15m vessels active in 
the site, but this was subsequently adjusted based on data provided by the two brown shrimp 
processors that process all brown shrimp landings from The Wash, and include information on the 
number of landings made (i.e. number of fishing days) by each vessel.  This allowed an overall number 
of days’ fishing by the under-15m vessels to be calculated, and the swept area to be scaled up by an 
appropriate factor. 
 
This methodology provided an estimate of the area of each biotope impacted by the individual gear 
components, per month (and per quarter, or per year), and can be compared to the overall area of 
each biotope.  

F.3 Data Limitations 

There are several limitations with the datasets used in this study: 
 
§ VMS records contain unknown gear types (in this study around a third of the UK VMS records 

had unknown gears) due to the method employed by the MMO in assigning gear type to 
VMS records from log books. The unknown gear records were included in the analysis, which 
may over-estimate fishing activity for the gears being assessed. 

§ Non-UK VMS records contain gear types based on the primary gear type in the EU fleet 
register, which may not accurately reflect the gear actually being used in the VMS data 
records. 

§ The speed rule for identifying ‘fishing’ activity (>0–6 knots) may result in pings when a vessel 
was not fishing being classified as ‘fishing’ (e.g. if fishing takes place at 3 knots, but the vessel 
was travelling at 6 knots, this would still be classified as ‘fishing’), over-estimating the area 
impacted by fishing.  Conversely, some vessels may fish at higher speeds (e.g. conventional 
beam trawlers may fish at 6–7 knots, resulting in some pings when the vessel was fishing not 
being identified as ‘fishing’ pings, resulting in an under-estimation of the area impacted by 
fishing.  More refined speed rules, specific to individual fleet métiers (or vessel size and gear 
type), based on the frequency distribution of pings for that metier, would improve the 
identification of fishing activity. 

§ To create vessel tracks from VMS ping records, a straight line was drawn between two 
consecutive pings. Since VMS pings are only recorded every two hours (approximately), the 
vessel tracks used in the analysis may not accurately reflect the actual track of the fishing 
vessels.  More frequent VMS pings, coupled with actual information on when gear is shot and 
hauled, would allow a more accurate picture of the footprint of fishing activity to be built up. 
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§ The ‘gear tracks’ were based on a generic fishing gear design which may not accurately reflect 
the fishing gear employed by all vessels. 

§ VMS data were only available for fishing vessels 15 m and over in length for the time period 
of this study1. Therefore, it was not possible to map the fishing activity of under-15 m vessels 
with the same level of accuracy, particularly when estimating the area of habitat affected by 
fishing gear. 

§ For the under-15m vessels, the swept area in each polygon was applied pro-rata to the 
biotopes within that polygon, and may therefore over- or under-estimate the area of 
individual biotopes impacted if fishing is not distributed evenly within each polygon. 

§ The scaling up of under-15m swept area from interviewees to represent the whole under-15m 
fleet may over- or under-estimate the overall swept area. The accuracy of the distribution of 
swept area across the different biotopes will also depend on how representative the fishing 
patterns of the interviewed skipper were of the whole fleet. 

 

                                                      
1  Since 2012 all EU vessels which exceed 12 m overall length must be fitted with VMS units.  
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G Modelling of Natural Disturbance 

G.1 Introduction 

Modelling was carried out to determine the spatially varying frequency of seabed disturbance from 
natural processes within the site, with the aim of placing fishing disturbance in the context of natural 
disturbance.  Natural seabed disturbance was inferred from the proportion of time that certain 
threshold conditions are exceeded. Standard empirical formulae for sediment transport (from Soulsby, 
1997) were applied to gridded data for local water depth, seabed type (indicative of seabed sediment 
grain size), wave climate and tidal current regime. The results describe the natural spatial and 
temporal variability in the rate and magnitude of local sediment transport (i.e. sediment disturbance). 
The proportion of time that sediment is being disturbed was assessed in relation to two different 
threshold conditions, namely: the threshold of sediment motion (a relatively lower level of 
disturbance); and, the presence of actively migrating ripple bed features with a minimum height (a 
relatively higher level of disturbance). 

G.2 Conceptual Basis 

Currents and waves are the two main types of physical disturbance that may normally cause the 
movement of sediment in a coastal environment. A certain minimum threshold force is required to 
initiate the motion of grains of sediment on the seabed, which will depend upon the sediment grain 
size and other properties such as material density and any cohesive effects of fine grained material 
present; biostabilisation and bioturbation of sediment by organisms can also affect the threshold force 
required. For given current and wave conditions, the force actually exerted on individual grains and 
the seabed as a whole will depend also upon the water depth. As a result, seabed sediments might be 
not mobile for some proportion of the time, in any case during slack/calm conditions, but also even 
when weaker currents and waves are present that may not exceed the threshold for motion, especially 
in deeper water.  
 
The proportion of time that sediments are mobile encompasses a wide range of possible conditions, 
from the slight movement of individual sediment grains at the sediment surface at lower levels, to 
transport of surficial sediment as bedload at intermediate levels, to the additional transport of 
sediment in suspension at higher levels.  
 
In general, a ‘mobile bed’ describes a wide range of conditions where sediment grains are potentially 
or actually in motion locally. Depending on the magnitude of sediment mobility (including threshold 
of motion and dynamic ripple feature conditions), other related effects may result, such as: locally 
increased local suspended concentration; forces acting on or abrasion of exposed surfaces; and/or 
fluidisation and morphological change of the seabed (e.g. scouring of sediment near local obstacles or 
infilling of burrows). 
 
The threshold of sediment motion is the lowest level of sediment mobility. Quantitative definitions of 
this condition are available, but for the purposes of the present study the threshold of sediment 
motion broadly describes conditions where a few individual grains are being moved on a regular 
basis. Below this threshold, sediment is not normally in motion. Above this threshold, the rate of 
sediment transport increases rapidly, approximately in proportion to the excess water motion (over 
the threshold) cubed.   
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Sediment ripple bed features are a natural result of sediment transport and are typically present and 
active in conjunction with intermediate levels of sediment transport. Lower levels may be insufficient 
to fully develop these features while higher rates might ‘wash out’ the feature. The typically relatively 
small height (~cm’s) and length (~10’s cm’s) of ripple features means that migration of the ripple crest 
can be rapid, leading to potentially frequent changes in the overlying thickness of sediment relative to 
a fixed, shallow buried location in the seabed. The dimensions (height and length) of ripple features 
formed by tidal currents are largely controlled by the seabed sediment grain size; ripple features 
caused by wave action are also dependant on the characteristic wave height and period, and the local 
water depth. The height of the ripple bedform is broadly indicative of the thickness of sediment that is 
being strongly disturbed, and the thickness of any burial/exposure risk. 
 
By affecting a range of ambient conditions at the seabed, both ‘mobile bed’ and ‘dynamic ripple’ 
conditions may potentially affect the behaviour of benthic and epi-benthic species (e.g. avoidance of 
adverse conditions by relocation, protective burial, start/stop feeding, etc). The magnitude and nature 
of any impacts on behaviour are likely to be species specific and may vary with the magnitude and 
nature of the disturbance. For example, a species that tends to remain shallow buried in sediment is 
unlikely to be affected by the early stages of sediment mobility, but might be more affected by 
repeated burial and exposure cycles due to the passage of ripple bedforms.  
 
In general, current induced disturbance is more likely to be more frequent, uniform and persistent, 
and of a relatively lower magnitude. Wave induced disturbance is more likely to be episodic, seasonal 
and with short term fluctuations in magnitude and direction (between individual waves and wave 
groups), and (especially in shallower water) may be of a relatively higher magnitude. 

G.3 Data Sources 

Natural disturbance was quantified using data for: 
 
§ Bathymetry (water depth, from EMODnet, UKHO and GEBCO, resolution ~150 m x 220 m, 

sufficient to resolve the sandbank features present in the sites); 
§ Seabed type (broadly indicative of grain size distribution, from a composite of EMODnet, 

British Geological Survey and Defra’s ‘‘hard substrates’’ layers, categorised zone boundaries); 
§ Tidal current speed (frequency distribution of depth mean tidal current speed, Atlas of UK 

Marine Renewable Energy Resources, resolution ~1.6 km x 1.8 km); 
§ Wave height frequency distribution (ABPmer SEASTATES wave hindcast database, 31 years of 

hourly hindcast data, ~5 km resolution). 

G.4 Analysis Methodology 

The analysis methodology is summarised as follows: 
 
§ The modelling of natural disturbance was carried out by ABPmer using Matlab data analysis 

software.   
§ The spatial resolution of the analysis and the results are the same as that of the water depth 

data (~150 m x 220 m). 
§ The extent of the analysis is the SAC site boundary, plus a surrounding buffer to include areas 

within one tidal excursion of the site (the distance to which water might move out of and back 
to the site within one typical spring tide). The length and orientation of tidal excursion ellipses 
were estimated using the tidal current data underpinning the Atlas of UK Marine Renewable 
Energy Resources (ABPmer et al., 2007). 
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§ The named seabed types reported in the source data were simplified to reflect the main 
physically different types, and a representative uniform sediment grain size was assigned to 
each area as follows: 
- ‘Mud to sandy mud’ (63 µm) 
- ‘Sand to muddy sand’ (250 µm) 
- ‘Coarse sediment’ (2000 µm) 
- ‘Mixed sediment’ (5000 µm) 
- ‘Rock/ hard substrate’ (>5000 µm) 

§ Due to uncertainty in the use of a single grain size to represent what is likely to be a locally 
mixed and spatially variable property, the above spatially variable grain size scenarios (one for 
each site) were supplemented by repeating the analysis assuming a nominal uniform grain 
size of [63, 125, 250, 500, 1000, 2000 or 4000] µm throughout each site. The results of these 
sensitivity tests can be applied more indirectly to individual grain size fractions which may be 
more dominantly present locally. Results for other grain sizes can be approximated by 
interpolation within the range of scenarios provided. 

§ The source input data for tidal currents are at a coarser spatial resolution (1.8 km) than the 
water depth data and gradients in current speed across the sites of interest are evident. The 
source frequency statistics for current speed are available at 0.1 m/s intervals, which is 
relatively coarse compared to the more subtle variation in the threshold of sediment mobility 
(0.3-0.5m/s) for a wide range of non-cohesive sediments, including sands. The tidal current 
speed frequency data were, therefore, interpolated firstly to a higher current speed bin 
resolution, and then spatially to each location.   

§ The source input data for waves are at a coarser resolution (5 km) than the water depth data 
but gradients in wave height across the sites of interest are not strongly evident.  The wave 
height frequency data are available at a suitably high resolution (0.1 m) at source. The wave 
statistics for local calculations were, therefore, not spatially interpolated but were assigned 
from the nearest available data point. For any given wave height, an associated wave period 
was estimated by assuming a gross limiting (deep water) wave steepness of 20.  

§ For each location in the computational grid (with an associated local water depth and 
sediment grain size), empirical relationships from Soulsby (1997) were used to estimate: 
- The minimum current speed and wave height for the threshold of motion. 
- The presence or absence and, if present, the height of ripple bedforms, for current speeds 

and wave heights corresponding to the mid-point of each bin of the associated frequency 
data. 

§ The local frequency of occurrence statistics for currents and waves were reassessed in relation 
to the local thresholds, i.e. cumulative frequency equal to or in excess of each threshold 
condition. This provides the local proportion of time per year that the seabed is ‘disturbed’. 

§ Estimates of the seasonal distribution of effects due to waves were made by analysing the 
underlying 31 year, hourly time-series of wave height. The threshold wave height for each 
location in the grid is already known from the previous step. The number of days in each 
month of each year of the time-series that the threshold condition is met or exceeded for at 
least 1 hour is noted. The number of days disturbed per calendar month was found as the 
average number of days in (that calendar month over) all years. 

§ Estimates of the seasonal distribution of effects due to currents were made by creating a 20-
year time-series of tidal water level variation for each location, using a global tidal constituent 
database (DTU10). The heights of consecutive high and low waters are identified, yielding the 
range of each flood and ebb tide (approximately two each per day). The Atlas of UK Marine 
Renewable Energy Resources (ABPmer, 2007) provides local paired estimates of mean spring 
and neap tidal ranges, and the associated peak current speeds. It is typically the case that 
peak current speed will vary approximately in proportion to tidal range. The Atlas statistics 
thereby provide a local relationship that can be used to convert varying tidal ranges to an 
associated peak current speed. The maximum peak current speed occurring on each day in 
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the 20 year period was identified. The threshold current speed for each location in the grid is 
already known from the previous step. The number of days in each month of each year that 
the threshold condition is met or exceeded was noted. The number of days disturbed per 
calendar month was found as the average number of days in (that calendar month over) all 
years. 

 
The outputs provide:  
 
§ an estimate of the proportion of time that: 

- sediments are disturbed by currents, by waves, and by currents or waves; 
- mobile bedforms of 2.5 cm height or more are present in each model cell;  

§ an estimate of the average number of days per year and per calendar month that:  
- sediments are disturbed by currents, by waves, and by currents or waves; 
- mobile bedforms of 2.5 cm height or more are present in each model cell.  

G.5 Discussion 

The proportion of time that sediments are mobile provides an indication of the level of disturbance in 
the site.  At a certain level of disturbance, mobile bedforms such as sand ripples form, and move 
rapidly (e.g. tens of metres per day).  The presence of these mobile bedforms indicates that the top 
layer of sediment is in motion and being continually reworked to a depth equivalent to at least the 
ripple height. The simultaneous presence of fauna indicates that they are both adapted and used to 
such conditions.  The level of natural disturbance can also be expressed as the average number of 
days during which sediments are mobile or mobile bedforms occur.  This can be compared to the 
number of passes of fishing gear in a month or in a year to provide an indication of relative levels of 
fishing and natural disturbance, although it is recognised that fishing can cause impacts that natural 
disturbance of sediments does not (e.g. penetration into the sediment causing crushing of infauna).  
 
The outputs of the natural disturbance modelling are shown in the subsequent section. The figures 
show: 
 
§ The proportion of time that sediments are mobile and that mobile bedforms are present 

(shown in the middle row and bottom row respectively in the 7 figures showing the 
proportion of time natural disturbance occurs in each site) for a range of different sediment 
grain sizes potentially present in the subtidal sandbank features (63–2000 µm); and 

§ The average number of days per year, and during each month, that sediments are mobile and 
that mobile bedforms are present (shown in the middle row and bottom row respectively in 
the 13 figures showing the number of days natural disturbance occurs in each site) based on a 
uniform grain size of 250 µm). 

 
A summary of the modelling results are provided below for each of the three sites. The results 
described assume a uniform sediment grain size of 250 μm, representative of a fine sand. The 
sediments in each site are predominantly fine sand, but can also include other muddy sand and coarse 
sediments in spatially varying proportions.  Additional modelling outputs (figures) are presented for 
different grain sizes, and for particular spatial distributions of other (uniform) grain sizes indicated by 
EMODnet habitat types. In general, a relatively finer grain size will lead to greater mobility as a 
proportion of time and number of days per month or year. Progressively coarser grain size will reduce 
relative mobility, with some areas (particularly in deeper water) becoming effectively immobile at the 
larger grain sizes assessed. Muddy or mixed muddy sediments demonstrating cohesive behaviour (not 
included in the present study) will be relatively more resistant to movement. 
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G.5.1 North Norfolk Sandbanks and Saturn Reef SCI 

The figures show that the sediments in the North Norfolk Sandbanks and Saturn Reef SCI are highly 
mobile, with mobile bedforms present on the tops of the sandbanks 85–95% of the time.  In the 
deeper areas between the sandbanks, where the majority of trawling takes place, sediments are also 
mobile and active bedforms are present for around 50–70 % of the time. Even in the eastern part of 
the site where currents are less strong, mobile bedforms are present around 20% of the time. Wave 
and current conditions are such that active bedforms are present for at least some period each day 
every day of the year across most of the site.  

G.5.2 The Wash and North Norfolk Coast SAC 

The figures show that within the deeper parts of The Wash, where the majority of shrimp fishing takes 
place, sediments are mobile and active bedforms are present for around 30–40 % of the time. 

G.5.3 Margate and Long Sands SCI 

The figures show that even in the least-disturbed south-west part of the site, active bedforms of 
2.5 cm height are present around 20% of the time.  In the northern part of the site, active bedforms 
are present 60–70% of the time, indicating a highly dynamic environment.  Active bedforms are 
present across most of the site every day of the year (for an unspecified duration of time each day).  
Even in the south-west less disturbed part of the site, active bedforms are present for around 150 days 
in each year. 
 

G.6 Limitations and Recommendations 

§ Bathymetry in shallow nearshore areas 
- Limitation – The relationships and data used to inform processes in these areas may not 

be suitable for use in very shallow or intertidal areas. In The Wash particularly, extensive 
areas of intertidal seabed are present. 

- Improvement –Incorporate the proportion of time inundated and utilise alternative 
methods to better estimate local currents, waves and resulting sediment mobility. 

§ Description of sediment type 
- Limitation - Presently described as a single grain size at a given location (uniform or 

spatially varying), whereas a mixture of a range of grain sizes will actually be present. 
- Improvement – Allowances might be made for the proportion of material of certain 

grainsizes present in terms of the physical implications for the threshold conditions being 
tested (whether a certain level of mobility is likely to affect levels of abrasion or burrow 
collapse). Allowance for cohesive sediment properties might also be introduced. Better 
sources of information will be required to inform the assumed distribution of grain sizes 
regionally or locally.  

§ Spatial resolution of the tidal current and wave data sources 
- Limitation – These data sources are at a relatively high spatial resolution (1.6km and 5km, 

respectively) for regional scale data sets of this type, but are relatively coarse when 
applied at local scales, e.g. the crests of sandbanks and the location of small inshore 
channels in The Wash are not well resolved. Local conditions of exposure or sheltering 
may not be accurately represented. 

- Improvement – Resolution and local accuracy can be improved through site specific 
downscaling of the models (modelling sites of interest in higher resolution to improve 
local accuracy). 
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§ Temporal resolution of the tidal current and wave data sources 
- Limitation – summary statistics of frequency of occurrence were used in the present study. 

As a result, the resolution in the reported current speed and the temporal resolution 
(needed to estimate monthly statistics, inter-annual variation and the number of days 
affected rather than overall proportions of time) were limited. 

- Improvement – An alternative approach using local time series data would provide a more 
robust basis for the direct calculation of a wider range of sediment mobility metrics. It 
may also be possible to examine the relative importance of everyday conditions and 
occasional storm events (high-frequency, low magnitude conditions, and low frequency, 
high-magnitude events). 

G.7 References 

ABPmer, Met Office and Proudman Oceanographic Laboratory, 2007. Atlas of UK Marine Renewable 
Energy Resources.  http://www.renewables-atlas.info/  
 
Soulsby, R., 1997. Dynamics of Marine Sands. Thomas Telford. pp249. 

G.8 Figures 

Figures are spread over several pages, with the caption at the start of each set. 
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Figure G1.  Natural disturbance (proportion of time) for North Norfolk Sandbanks and Saturn Reef SCI, for uniform sediment grain sizes of i) 63 µm, ii) 125 µm, iii) 250 µm, iv) 500 µm, v) 1000 µm, vi) 2000 µm and vii) based on 
variable grain size within the site according to EMODNET sediment type 
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Figure G2.  Number of days natural disturbance occurs for North Norfolk Sandbanks and Saturn reef SCI, for uniform sediment grain size of 250 µm for all year and each month 
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Figure G3. Natural disturbance (proportion of time) for The Wash and North Norfolk Coast SAC, for uniform sediment grain sizes of i) 63 µm, ii) 125 µm, iii) 250 µm, iv) 500 µm, v) 1000 µm, vi) 2000 µm and vii) based on 
variable grain size within the site according to EMODNET sediment type 
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Figure G4. Number of days natural disturbance occurs for The Wash and North Norfolk Coast SAC for uniform sediment grain size of 250 µm for all year and each month 
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Figure G5. Natural disturbance (proportion of time) for Margate and Long Sands SCI, for uniform sediment grain sizes of i) 63 µm, ii) 125 µm, iii) 250 µm, iv) 500 µm, v) 1000 µm, vi) 2000 µm and vii) based on variable grain size 
within the site according to EMODNET sediment type 
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Figure G6. Number of days natural disturbance occurs for Margate and Long Sands SCI for uniform sediment grain size of 250 µm for all year and each month 
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