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Conclusions
1) Use of satellite monitoring data, together with the analysis techniques described, provide

detailed and comprehensive information on the spatial distribution and magnitude of fishing
effort for a large part of the North Sea beam trawling fleet.

2) In considering both the hydrodynamic forcing and the bed response to it, the methodology
significantly extends earlier approaches to evaluating wave and current impacts (De Alteris
et al., 1999; Brown et al., 2005), making possible a quantitative comparison with beam
trawling disturbance.

3) In general, reworking of the top 1-2 cm of the bed by wave and tide action was predicted to
be greater than that due to beam trawling, apart from locations subject to weak tides and
sheltered from wave action – such as the northeast English coast.

4) In the southern North Sea, natural reworking is likely to be a semi-continuous process of
migration of tidally-driven current ripples and megaripples. In regions with weaker tides,
reworking is likely to be episodic and due to a combination of waves alone and wave
enhancements of the tidal bed stress. 

5) In the tidally-dominated southern North Sea (below say 52º 30’), natural reworking due to
ripple and megaripple migration appears to lead to greater reworking of the bed than
trawling activity.

6) Intermediate between the tide dominated southern region and wave dominated northwest
region, trawling appears to be the main contributor to bed reworking, although the predicted
extent of the area depends on the assumed gear penetration depth.

7) Where megaripple fields occur, these are likely to lead to greater reworking of the bed than
present levels of beam trawling.

8) A lack of knowledge of the behaviour of the bed during and immediately after storm events
makes estimation of the bed turnover depth due to wave processes particularly uncertain.
This leads to difficulties in making a more specific evaluation of the relative importance of
trawling in the wave dominated northeast region of the North Sea. Further basic research on
ripple and megaripple generation, and the development of predictive models of small-scale
bed morphology, would improve the reliability of the analyses and conclusions. 

9) Whilst acknowledging the uncertainties, the results presented here for physical reworking of
the bed allow a broad identification of the regions where beam trawling is likely to be
significant compared to the natural processes.
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Introduction
To assess the impacts of human activity on the marine environment, human
disturbance needs to be considered in relation to the natural background processes.
The seabed in shelf seas is subject to physical disturbance from both natural and
anthropogenic activities (Figure 1). Anthropogenic physical disturbance of marine
sediments can have a variety of potential impacts on sediment chemistry, biology,
and the broader marine ecosystem. Many human activities (e.g. dredge spoil
disposal, aggregate extraction, and offshore engineering) have the potential to
cause significant local physical disturbance to the seabed, but influence only a
limited area. In contrast, fishing activity is widespread and is the focus of this study.
An attempt is made here to compare the relative magnitude of the physical
reworking of the seabed caused by beam trawling with the natural processes of tide
and wave action for the North Sea.

Figure 1:  
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Harwich on the
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various size scales
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waves) and beam
trawling.
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Beam trawling disturbance
The intensity of beam trawling effort in the North Sea was assessed using satellite
monitoring data. In accordance with revisions to the European Common Fisheries
Policy, fishing vessels over 24 m in length have, since 2001, been required to carry
equipment that transmits vessel location and speed that is relayed to shore via
satellite. Information is recorded with a minimum temporal resolution of two hours
and stored within a Vessel Monitoring Satellite (VMS) database. Access to VMS data
is only permitted at the discretion of each European member state. For this study,
only English and Dutch beam trawling data were available. Without access to VMS
data from all countries, we have not been able to estimate the exact percentage of
beam trawling effort represented by the data used in this study. However, Jennings
et al. (1999) estimated the Dutch beam trawling effort during the early 1990s to
account for around 60% of the total beam trawling effort in the North Sea.  
The VMS database does not differentiate between those vessels that are stationary,
fishing, or steaming. To make this distinction, information on vessel speeds was
used. In 2003, approximately 75% of all records had a transmitted speed.  For the
remaining 25%, speed was derived from two consecutive records. Trawling speeds
were determined by inspecting the speed frequency histograms of all beam trawlers
recorded in the VMS database. The frequency distribution indicated that fishing was
likely to occur at speeds of 2-8 knots inclusive. 
Records of trawling activity were assigned to a grid of resolution 1/10º longitude by
3/20º latitude (approximately 11 km2). An identical grid was used for estimating
natural disturbance, as described later. The area of seabed disturbed by beam
trawling was calculated assuming all beam trawlers towed twin 12 m beams
(Dinmore et al., 2003) and that vessels moved in straight lines between consecutive
speed-filtered VMS locations. For each grid square, the total area for all vessel tracks
was calculated. Finally, the total trawled area was divided by the grid box area to
yield RT, the average number of times the bed was reworked per year within the grid
box (Figure 2) This procedure includes multiple tracks disturbing the same location
so that RT can be greater than one. The depth associated with the reworking is the
gear penetration depth, which depends on gear type, mode of operation and seabed
substrate. Although Bergmann and Hup (1992) suggest a maximum gear
penetration depth of 6 cm for sandy sediment, to allow for uncertainty in
comparison with natural reworking, gear penetration was assumed to range from 4-
10 cm.

Figure 2:  
Distribution of
beam trawling
intensity (number
of times bed is
disturbed per year)
derived from
satellite data in
2003 for English
and Dutch beam
trawlers over 24 m
in length.
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Natural disturbance
Natural reworking of the seabed was quantified in terms of bedform morphology and evolution.
Because the lengthscales associated with individual trawls are relatively small (depths less than
10cm and widths of the order of metres) small scale ripples and megaripples were considered
as the appropriate scale of natural disturbance to compare with. An estimate of RN (d),  the
annual turnover rate due to ripple and megaripple reworking for a given depth d, was calculated
by combining the tide, wave, and sediment grain size data with empirical relations for bedform
length, height (e.g  Nielson, 1981; Johnson et al., 1981; Grant and Madsen, 1982) and migration
rate (Amos et al., 1999; Idier et al., 2002). The required input parameters were calculated from:
1) The spatial distribution of median grain diameter for the sand fraction of the seabed
sediment, obtained from the North Sea Benthos Survey (Basford et al., 1993). 
2) A year of simulated wave and tide conditions, calculated on an 11 km grid covering the North
Sea with a temporal resolution of half an hour.
Uncertainty was taken into account by undertaking multiple simulation runs with different
parameter settings and assumptions. The factors considered to be subject to uncertainty were:
a) bed stress; b) the role of wave-current interaction in calculating threshold conditions; c)
empirical ‘constants’ in bedform prediction formulae; d) differing behaviour under co-linear,
orthogonal and general orientation of waves and currents; e) the occurrence of Large Wave
Ripples (LWR) following sheet-flow conditions (Li and Amos, 1999) and; f) the proportion of an
area potentially covered by megaripples. It is emphasised that the upper and lower bounds
derived from this procedure represent uncertainty in our knowledge of natural bed reworking,
and do not represent an estimate of the variability in the environmental process itself.
Because the methods used are based on relations derived for pure sand beds, no prediction was
made for regions of seabed containing more than 15% mud or 5% gravel.  The region excluded
on this basis was approximately 15% of the total area.
Results for a range of quantities associated with reworking of the bed by tides and waves are
shown in Figure 3.

Figure 3:  
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Comparison between natural and beam trawl
disturbance

Upper, median and lower bounds on RN (d), were compared with RT, the estimated annual
turnover rate due to beam trawling, by calculating 

Ψ(d) = 100 x RT ,    d<dT (1)
RT + RN (d)

where dT, was the assumed trawl penetration depth. Thus, Ψ is the relative contribution of beam
trawling to bed reworking for a given depth; Ψ = 100 indicates that all reworking was due to
trawling, Ψ = 50 indicates an equal contribution, while Ψ = 0 indicates that trawling makes no
contribution to the bed reworking.
Results for the relative contribution for reworking of the bed down to 2 cm and 4 cm are shown
in Figure 4 and Figure 5 respectively.

Figure 4:  
Relative beam trawl
reworking ratio Ψ for the top
2 cm of the bed; 
a) Using lower bound on

ripple and  megaripple
reworking,

b) Using median of ripple and
megaripple reworking, 

c) Using upper bound of
ripple and megaripple
reworking,

d) Summary plot of regions of
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natural and trawling
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Figure 5:  
Relative beam trawl  reworking ratio
Ψ for the top 4 cm of the bed; 
a) Using lower bound on ripple and

megaripple  reworking,
b) Using  median for ripple and

megaripple reworking, 
c) Using upper bound on  ripple and

megaripple reworking, 
d) Summary plot of regions of

relative disturbance for natural
and trawling sources down to 2
cm. Blue =  lower bound natural
turnover > trawling turnover; 
Red =  upper bound  natural
turnover < trawling turnover; 
Dark grey=trawling turnover  lies
between upper and lower bounds
of natural turnover.
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