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The report presented here covers three separately conducted significant areas of investigation: 
observed and modelled physical changes resulting from trawling across different types of 
sediments (section 1), experimentally constrained associated changes in biogeochemical 
parameters, such as oxygenation, pigment content, organic and inorganic nutrient 
concentrations and associated fluxes between the benthic and the pelagic system (section 2), 
and a theoretical comparison derived from observations and models on likely magnitude of 
resuspension impact compared to natural background processes (section 3). In bringing 
together the work across the different disciplines, an opportunity was created for shared 
learning and evaluation of likely signal transduction from physical seabed impact to resultant 
chemical re-distributions within the water-column and ultimately extrapolation of the likely 
consequences for the biological processes that form the basis of ecosystem interactions and 
productivity.  
 
The work on the physical impacts of gear components emphasises the hydrodynamic nature of 
sediment mobilisation and the relationship found between the amount of sediment put into the 
ǿŀǘŜǊ ŎƻƭǳƳƴ ŀƴŘ ǘƘŜ ƘȅŘǊƻŘȅƴŀƳƛŎ ŘǊŀƎ ŎƻƴŦƛǊƳǎ ǘƘŜ ŦƛƴŘƛƴƎǎ ƻŦ hΩbŜƛƭƭ ŀƴŘ {ǳƳƳŜǊōŜƭƭ 
(2011). It is also demonstrated that the weight (and presumably the penetration) of a 
component does not influence the amount of sediment mobilised. This is especially interesting 
as it is often assumed that the amount of sediment put into the water column behind a gear 
component is directly related to the size of the trench/furrow/scour that it makes on the 
seabed.  
 
Experimental resuspensions were conducted using fresh sediments collected from four 
contrasting sites in the Irish sea representing a gradient from fine muddy to coarser sandy 
sediments. The sites were selected to have equivalent water depth and temperature regimes 
and were characterised in terms of their oxygen penetration depth and apparent Redox 
Potential Discontinuity (aRPD) and also nutrient porewater profiles. Collected sediments were 
were analysed for particle size distribution, organic carbon and nitrogen concentration.The 
release of porewater nutrients (ammonium, nitrate, nitrate, phosphate and silicate) from 
sediment aliquots resuspended in bottom water was studied in detail over 24 hours. As 
expected, nutrient concentrations were much higher in the finer sediments and their associated 
porewaters. The experimental resuspensions, increased in particular silicate and to some extend 
phosphate concentrations in the water column, with concentrations significantly exceeding 
those expected from dilution of the porewater into the receiving bottom water. Silicate 
increases were continuous over the incubation period consistent with on-going dissolution of 
silicatious material from phytodetritus, resulting in concentration increases of up to 100 % from 
the fine and 50 % from the coarser sediments. Phosphate release was more pronounced 
immediately after resuspension and levelled out after the first hour of incubation. Signals were 
less clear for the three nitrogen containing nutrients, and only a limited decline was observed in 
the oxygenation levels, though these findings might have in part be influenced by the low 
temperatures chosen for the incubations to match observed in situ conditions in March. The 
experimental work clearly demonstrates significant changes in selected nutrient concentrations 
and ratios and the influence of sediment type on the signals observed. 
 
Early indications from the calculations estimating nutrient fluxes due to trawling induced 
resuspension relative to natural background flux values, are that the effect is less pronounced 
for the two chemical species investigated (nitrate and ammonium) than suggested in earlier 
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studies, though further investigations of other parameters, such as phosphate and silicate, 
might modify this finding. It is further of note that the presented estimates were based solely on 
physical resuspension and associated change in chemical concentrations, and not on coupled 
biologically mediated processes which could accompany trawling pressure, i.e changes in rates 
of sediment nutrient processing and resulting benthic-pelagic fluxes post resuspension and 
resettling of the disturbed bed. Effects of the physical impact and the instant change in 
oxygenation status and chemical environment experienced by the sediment biota (macro-, 
meio- and microbenthos) during a gear pass, might longer term be additionally significant  in 
shifting cycles of nutrients, carbon and oxygen, than the instantaneous changes in 
concentrations and nutrient availability alone. So while the expected resuspension related 
chemical fluxes might only be of a comparable order of magnitude to the natural flows, the 
effect on the system might be significantly different, as organisms adapted to anaerobic 
conditions or a strongly reducing environment are suddenly exposed to completely different 
conditions as found in the water-column. And post re-settling of the suspended sediment, new 
gradients will establish with potentially altered chemical fluxes. Differentiating between acute 
effects and longer-term consequences of the short term disruption of the established chemical 
gradients will require further work. Links across to other efforts, such as the work on chronic 
effects of fishing, will be essential in enabling a more coherent evaluation of the various levels of 
systematic change experienced.      
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Introduction 
 

Towed demersal fishing gears interact with the seabed on which they are towed. On soft 
sediments their physical impacts have been classified as being either geotechnical or 
hydrodynamic. Penetration and piercing of the substrate, lateral displacement of sediment and 
the influence of the pressure field transmitted through the sediment can be considered 
geotechnical; whereas the mobilisation of sediment into the water column can be considered 
ƘȅŘǊƻŘȅƴŀƳƛŎ όhΩbŜƛƭƭ ŀƴŘ {ǳƳƳŜǊōŜƭƭΣ нлммύΦ ¢ƘŜǎŜ ǇƘȅǎƛŎŀƭ ƛƳǇŀŎǘǎ have broader ecological, 
environmental and biological effects and towed fishing gears have been shown to damage 
habitats, cause benthic mortality, resuspend phytoplankton cysts and copepod eggs and release 
nutrients (Kaiser et al., 2006; Dounas et al., 2007; Gilkinson et al., 1998; Brown et al., 2013; 
5ǊƛƭƭŜǘ Ŝǘ ŀƭΦΣ нлмпΤ hΩbŜƛƭƭ Ŝǘ ŀƭΦΣ нлмоύΦ  
 
Here we focus on the immediate nutrient fluxes into the water column, which are likely to be 
related to both the mobilisation of sediment caused by trawl gears and the penetration into the 
seabed of these gears (Pilskalin et al., 1998; Duplisea et al., 2001). These nutrient fluxes may fuel 
pelagic production, alter the water-column light climate, potentially accelerate nutrient 
recycling and result in an overall increase in primary productivity as well as altering oxygen 
cycles and organic carbon export rates (Dounas et al., 2007). There remain relatively few studies 
of the effects of fishing disturbance on nutrient fluxes in soft-sediment communities (Falcao et 
al., 2003) and yet all the evidence suggests that such effects may have a profound influence on 
the marine ecosystem. As a wide-spread impact, which contrasts from ambient sediment fluxes 
and storm effects, the physical effect of trawl gears on soft sediments can alter the resupply of 
nutrients to the water column, N:P:Si ratios and therefore potentially the magnitude and type of 
water-column production (Coughlan et al., 2011). 
 
To fully understand how fishing can alter and contribute to changes in nutrient and carbon 
fluxes from the sediment and consequently how it may affect primary production, 
eutrophication etc, it is necessary to have a good understanding of the penetration depth of a 
gear, the amount of sediment it mobilises and the initial substrate chemistry. Here we address 
these issues by investigating further the individual and combined physical and chemical impacts 
of towed gears. 
 
The report comprises three sections: 
In the first section we extend the physical impacts study of O'Neill & Summerbell (2011) who 
have demonstrated that, for a given sediment type, there is a relationship between the 
hydrodynamic drag of the gear element and the mass of sediment entrained behind it. We carry 
out additional experimental trials to measure the hydrodynamic and the sediment mobilised by 
a wider range of gear components/elements than have been examined so far. This provides a 
more in depth and broader understanding of how the individual gear components of a demersal 
trawl can affect the soft sediments on which they are towed.  
 
In the second section we report on laboratory experiments that look at the temporal dynamics 
of nutrient release using resuspensions of Celtic Sea sediment. Instantaneous and longer-term 
sediment oxygen demand is tracked as well as instantaneous and longer term net 
addition/removal of nutrient forms via sorption/desorption and scavenging reactions.  
 
And in the third section the physical resuspension studies are combined with the nutrient 
information to obtain estimates of benthic-pelagic nutrient fluxes due to trawling. These are 
then put in context by comparing them to ambient fluxes to begin to assess their importance on 
an annual and regional basis. 
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Section 1 ς the hydrodynamic drag of towed fishing gear 
components and the mobilisation of sediment. 
 

1.1 Introduction 
 
Here we carry out experimental trials on a range of cylindrical and rectangular shaped objects 
ǘƘŀǘ ŀǊŜ ƛƴ ŎƻƴǘŀŎǘ ǿƛǘƘ ǘƘŜ ǎŜŀōŜŘ ŀƴŘ ŜȄǘŜƴŘ ǘƘŜ ŀǇǇǊƻŀŎƘ ƻŦ hΩbŜƛƭƭ ŀƴŘ {ǳƳƳŜǊōŜƭƭ (2011) 
who investigate the sediment mobilised in the wake of some of the elements of a demersal 
trawl on a range of soft sediments that are classified as being sand, muddy sand and sandy mud 
(Folk description). They demonstrate that there is a relationship between the hydrodynamic 
drag of the gear element and the mass of sediment entrained in its wake, and that the finer the 
sediment the greater the mass of sediment mobilised. In their trials the towing speed was kept 
constant and the hydrodynamic drag of the gear elements was estimated from experimental 
measurements on similar shaped objects that have been compiled by Hoerner (1965) 
In this study we make (i) direct measurements of the hydrodynamic drag and calculate the 
hydrodynamic drag coefficient for a range of gear elements that are in contact with the sea bed; 
(ii) we measure the concentration and particle size distribution of the sediment mobilised in the 
wake of these gear elements (at a range of towing speeds) and demonstrate that as the 
hydrodynamic drag increases the amount of sediment mobilised also increases; and (iii) we vary 
the weight of the elements and show that this does not influence the amount of sediment 
mobilised. 
 
The results provide insights into physical and mechanical processes that take place when a 
towed fishing gear interacts with the seabed and allow us to develop empirical models of the 
hydrodynamic drag of the fishing gear components that are in contact with the seabed and of 
the quantity of sediment mobilised in the turbulent wake behind towed fishing gears. 
 
 

1.2 Experimental trials 
 
1.2.1 Towed sledge and instrumentation 
Experimental sea trials were carried out on the RV Alba na Mara during October 2013 in the 
inner Moray Firth, Scotland (Figure 1.1). 
 

 
Figure 1.1. The inner Moray Firth where the trials took place. 
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A towed sledge, of height 0.9m, width 2.1m, length 3.0m and weight 530kg was used to tow a 
range of cylindrical and rectangular objects supported on an axle, which were chosen to 
simulate a range of gear elements that are in contact with the seabed (groundgear, doors, 
clumps etc) (Figure 1.2). The full range tested is presented in Figure 1.3 and includes disks and 
cylinders of diameter 200, 300 and 400mm, and rectangular doors of width 600mm and height 
200, 300 and 400mm.  In total 14 different configurations were examined, eight different 
cylinder designs, three configurations of separated disks and three of rectangular doors. These 
were fixed onto an axle that is 1.3m long and of 63mm in diameter and Strainstall 500kg X-Y 
load cells were fitted at each end of the axle to measure forces in the horizontal plane at a rate 
of 10Hz. The axle was attached to a framework (via the load cells) that was free to move in the 
vertical direction (Figure 1.4). Hence, the vertical forces the gear elements exerted on the sea 
bed were the gravitational forces associated with the gear element and that part of the 
supporting framework that was free to move. It was also possible to increase the applied 
vertical forces by attaching weights to the framework and each of the configurations was tested 
having vertical weights (in water) of approximately 60, 120 and 180kg. During each deployment 
the speed at which the sledge was towed was increased incrementally over a thirty minute 
period from 1 to 2 m/s. The vessels GPS recorded the speed of the sledge over the ground at a 
rate of 1Hz. A LISST 100X was positioned centrally 1.9m behind the axle, with the sampling head 
35cm off the seabed to measure the concentration and particle size distribution of the sediment 
mobilised in the wake of the gear components. The LISST 100X uses the laser diffraction 
principle to measure the concentration of particles in 32 logarithmically increasing size ranges 
ōŜǘǿŜŜƴ нΦр ŀƴŘ рлл ˃Ƴ ŀƴŘ ǿŀǎ ǎŜǘ ǘƻ ǘŀƪŜ measurements at a rate of 1Hz. 
All drag, speed and concentration data were time-averaged into 10s intervals and it is these data 
that are examined in the following analyses. Two types of experiments were carried out: the 
first set were related to measuring the hydrodynamic drag, during which the elements were not 
in contact with seabed; while during the second set the elements were in contact with the 
seabed, and the geotechnical forces and the mobilisation of sediment were investigated. 
To classify the sediment on which the trials took place, 15 grab samples were taken with a 
modified Day grab and the top 2.5 cm sampled and frozen. Subsequently these were defrosted 
and dried and the particle size distribution of each sample was analysed using a Malvern 
Instruments Mastersizer E Particle Size Analyser. An average was then taken to characterise the 
particle size distribution at the site. To allow comparison with the measurements from the 
plume, particles in the size range 2.5ςрлл ˃Ƴ ǿŜǊŜ ŎŀǘŜƎƻǊƛǎŜŘ ƛƴ ǘƘŜ ǎŀme 32 logarithmically 
increasing size ranges as the LISST 100X measurements. 
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Figure 1.2. The towed sledge used to tow the range of cylindrical objects supported on an axle. 
 

   

 
Figure 1.3. The range of gear components chosen to simulate some of the groundgears, clump weights 
and doors used in demersal fisheries comprising disks, cylinders and doors of diameter/heights 200, 300 
and 400mm. 
 



BENTHIS deliverable 4.4  

9 

 
Figure 1.4. The framework to which the gear components and axle were attached showing where the 
additional weights were fitted and the position of the two Strainstall 500kg X-Y load cells. 
 

 
1.2.2 Hydrodynamic drag 
In the first set of experiments, in order to estimate the hydrodynamic drag acting on them, the 
elements were held between 2 and 5 cm above the seabed and towed at speeds of between 1 
and 2 m/s. The hydrodynamic drag, D (N), on a body is usually expressed as  

dd cUAD 25.0 r=   
where Ad (m

2) is the frontal area, U (ms-1) is the flow or towing speed, ́ (kgm-3) is the density of 
water, and cd is the hydrodynamic drag coefficient of the body, a dimensionless quantity that 
characterises the drag on a body. Here we assume that the hydrodynamic drag comprises the 
drag of the gear element and the drag of the exposed part of the axle. Hence we fit a curve of 
the following form to the hydrodynamic drag data 

axleaxledelem cUAcUAD 22 5.05.0 rr +=  
where Aelem is the frontal area of the gear element and Aaxle is the exposed frontal area of the 
axle. cd represents ccyl, cdisk or cdoor, the hydrodynamic drag coefficients of the cylinders, the 
circular disks and the rectangular doors respectively and which along with caxle , the 
hydrodynamic drag coefficient of the axle, are the four unknowns that need to be estimated. 
Hoerner (1965) collates data from a number of studies and demonstrates that as the diameter 
(or height) to breadth ratio (d/b) increases, the drag coefficient for (i) truncated cylinders, goes 
from having a value of about 1.17 (and being fully two dimensional in nature) to having a value 
of about 0.67 for d/b > 0.33 and (ii) rectangular plates, goes from a value of about 2.0 to 1.18 for 
d/b > 0.33. Figure 1.5 reproduces the figure from Hoerner (1965) where he presents these data 
which we have summarised using exponential curves. Given that the d/b values of the cylinders, 
Řƛǎƪǎ ŀƴŘ ŘƻƻǊǎ ǿŜ ŀǊŜ ŘŜŀƭƛƴƎ ǿƛǘƘ ŀǊŜ җ лΦооΣ ǘƘŜ ŀƴŀƭȅǎƛǎ ǿŜ ŎŀǊǊȅ ƻǳǘ ŀǎǎǳƳŜǎ ǘƘŀǘ ǿŜ ƘŀǾŜ ŀ 
common ccyl coefficient for the eight cylinders, a common cdisc coefficient for the three 
configurations of separated disks and a common cdoor coefficient for the three rectangular doors. 
It considers the caxle coefficient in two ways, in the first instance, it is assumed that it varies 
between the three gear element categories, and in the second, that it has a single common 
value for all fourteen data sets.  
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Figure 1.5. The hollow rectangles and grey circles are the hydrodynamic drag coefficient measurements 
collated by Hoerner (1965) for rectangular plates and circular cylinders respectively and plotted against 
d/b, diameter (or height) to breadth ratio. The curves are exponential functions we have fitted to these 
data and the black crosses are hydrodynamic drag coefficients we estimate for the gear components 
tested here when we assume a common drag coefficient value for axle for all fourteen data sets.  
 
 

1.2.3 Mobilisation of sediment 
In the second type of experiment, the objects were in contact with the seabed. The trials were 
carried out with vertical force loadings of approximately 60, 120 and 180kg and at speeds of 
between 1 and 2 m/s. During these experiments the LISST 100X measured the concentration 
and particle size distribution of the sediment mobilised in the wake of the gear components. 
hΩbŜƛƭƭ ŀƴŘ {ǳƳƳŜǊōŜƭƭ όнлммύ ŦƛƴŘ ŀ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ƘȅŘǊƻŘȅƴŀƳƛŎ ŘǊŀƎ ƻŦ ŀ ƎŜŀǊ 
element and the amount of sediment mobilised in its wake. We explore this relationship here by 
plotting the mass of sediment mobilised per unit width against the hydrodynamic drag per unit 
width where again the hydrodynamic drag was estimated using the equation above. We also 
investigate whether the amount of sediment mobilised depends on the weight of the gear 
component by plotting for each component the mass of sediment mobilised at each of the three 
vertical force loadings. 
 
 

1.3 Results 
 

The analysis of the day grab sediment samples classified the experimental sites (using the Folk 
description) as being very fine silty sand. Figure1.6 contains a detailed description in terms of 
the percent volume in each particle size bin. The silt and clay component (% of sediment < 63 
˃Ƴύ ƛǎ мн҈ ŀƴŘ ǘƘŜ Řрл ƛǎ млл ˃ ƳΦ 
 

 
Figure 1.6. The particle size distribution of the sediment on which the trials took place presented in terms 
of the volume concentration in 32 logarithmically increasing particle size bins. 
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1.3.1 Hydrodynamic drag 
Figure 1.7 contains the hydrodynamic drag data of the each tow of a gear element and the 
supporting axle when the element is held clear of the seabed. The grey curves are the 
regressions to the data when it is assumed that caxle varies between the three gear element 
categories and the black curves when it is assumed to have a common value for all fourteen 
data sets. The corresponding drag coefficients are presented in table 1. Although, the additional 
flexibility offered to the regression by assuming that caxle varies between gear elements provides 
a slightly better fit, in general there is very little difference between either approach. Hence in 
the forthcoming analysis we assume the simpler form which assumes a common caxle value for 
all fourteen data sets. Furthermore, as can be seen in Figure 1.5, the resulting drag coefficient 
estimates using this approach are more consistent with those presented by Hoerner (1965). 
 
 
 
Table 1. The drag coefficients of the cylinders, disks and doors when it is assumed that caxle varies 
between the three gear element categories and when it is assumed to have a common value for all 
fourteen data sets.  
 cd caxle cd caxle 

Cylinders 0.63 0.92 0.66 0.85 
Disks 1.00 0.73 0.89 0.85 
rectangular door 1.28 0.45 1.15 0.85 
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Figure 1.7. The hydrodynamic drag data of each gear element and the supporting axle. The grey curves 
are the regressions to the data when it is assumed that caxle varies between the three gear element 
categories and the black curves when it is assumed to have a common value for all fourteen data sets.  
 

1.3.2 Mobilisation of sediment 
Figure 1.8a demonstrates that the mass of sediment mobilised in the wake of the cylindrical 
components (rolling and fixed) and the rectangular doors increases as the hydrodynamic drag 
per unit width increases. The black lines are linear regressions to three data sets. There is a lot 
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of variability in these data which reflects the turbulent nature of the plume. Similar quantities of 
sediment are put into the water column behind the rolling and fixed cylinders, however less is 
mobilised behind the rectangular doors, which may reflect differences in the nature of the 
turbulence behind these two sets of geometric objects. Figure 1.8b plots the same data but this 
time the thicker black line is the linear regression to all the data combined and the thinner line is 
ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ƻŦ ǎŜŘƛƳŜƴǘ ƳƻōƛƭƛǎŜŘ ŦǊƻƳ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƎƛǾŜƴ ōȅ hΩbŜƛƭƭ ŀƴŘ LǾŀƴƻǾƛŎ όнлмрύ 
where the silt fraction is assumed to be 12%. It is clear there is very good correspondence 
between the two. 
Figures 1.9a and b replot these data, but in this case as a function of the weight per unit area 
exerted by each component on the seabed. It is clear from these figures that, for a given 
component, there is no relationship between the amount of sediment mobilised and the 
pressure force exerted (and presumably the penetration made) by a component. 

  
Figure 1.8. (a) The sediment mobilised in the wake of the cylindrical components (rolling and fixed) and 
the rectangular doors plotted against the hydrodynamic drag per unit width. The black lines are linear 
regressions to three data sets. (b) The same data but where the thicker black line is the linear regression to 
ŀƭƭ ǘƘŜ Řŀǘŀ ŎƻƳōƛƴŜŘ ŀƴŘ ǘƘŜ ǘƘƛƴƴŜǊ ƭƛƴŜ ƛǎ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ƎƛǾŜƴ ōȅ hΩbŜƛƭƭ ŀƴŘ LǾŀƴƻǾƛŎ όнлмрύ ŦƻǊ 
sediment with a silt fraction of 12%. 
 
 
 

 
Figure 1.9. The mass of sediment mobilised in the wake of (a) the fixed and (b) the rolling cylindrical 
components plotted against weight per unit area. 
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1.4 Conclusions 
 
These results highlight the hydrodynamic nature of sediment mobilisation. The relationship 
found between the amounts of sediment put into the water column and the hydrodynamic drag 
ŎƻƴŦƛǊƳǎ ǘƘŜ ŦƛƴŘƛƴƎǎ ƻŦ hΩbŜƛƭƭ ŀƴŘ {ǳƳƳŜǊōŜƭƭ όнлммύΦ Lƴ ǘƘŜƛǊ ŜȄǇŜǊƛƳŜƴǘǎ ǘƘŜ ƘȅŘǊƻŘȅƴŀƳƛŎ 
drag of the gear elements was estimated from results in the literature (Hoerner, 1965) and the 
towing speed was kept constant. Here we further test this relationship by making direct 
measurements of the hydrodynamic drag for a range of gear components that were towed at 
speeds between 1 and 2 ms-1 and obtained results which are consistent with those complied by 
Hoerner (1965). We also demonstrate that the weight (and presumably the penetration) of a 
component does not influence the amount of sediment mobilised. This is especially interesting 
as it is often assumed that the amount of sediment put into the water column behind a gear 
component is directly related to the size of the trench/furrow/scour that it makes on the seabed 
(Churchill, 1989). The absence of a dependency on gear component weight again emphasises 
the hydrodynamic nature of sediment mobilisation and also identifies the possibility of reducing 
this type of impact by using more streamlined components.   
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Section 2: The biogeochemical effects of trawling (penetration 
and resuspension) on nutrient fluxes: 
 

2.1 Introduction 
 

Shelf sea productivity is maintained by strong benthic-pelagic coupling, particularly of nutrients. 
Nutrient flux rates from the seabed to the water column occur as a result of carbon 
remineralisation and recycling. The natural ambient fluxes (diffusional/advective) of nutrients 
across the Sediment-Water Interface (SWI) can be controlled in differing locations by seabed 
chemistry and the activities of benthic fauna. Disturbances such as storms and other physical 
impacts such as trawling have been shown to directly alter the timing and magnitudes of these 
fluxes (Coughlan et al., 2011; Diesing et al., 2013; Tengberg et al., 2003). Although some work 
has been undertaken to address chemical fluxes induced by storm resuspension (Coucerio et al., 
2012), the understanding of the effect of demersal gears on long-term release of nutrients 
remains poorly constrained. 
 
As described in section 1 of this report, demersal gears are designed to impact the seabed by a 
combination of hydrographic and geotechnical processes, and have been shown to disturb large 
ŀƳƻǳƴǘǎ ƻŦ ǎŜŘƛƳŜƴǘ ŜƛǘƘŜǊ ōȅ ǊŜǎǳǎǇŜƴǎƛƻƴ ƻǊ ǘǳǊƴƛƴƎ ŀƴŘ ǇƭƻǳƎƘƛƴƎ ǘƘŜ ǎŜŀōŜŘ όhΩbŜƛƭ Ŝǘ ŀƭΦΣ 
нллуΤ hΩbŜƛƭ Ŝǘ ŀƭΦΣ нлммΤ нлмо ŀƴŘ млоōΣ hΩbŜƛƭƭ ŀƴŘ LǾŀƴƻǾƛŎΣ нлмрΤ tƛƭǎƪŀƭƛƴ Ŝǘ ŀƭΦΣ мффуΣ 
Palanques et al., 2001; Palanques et al., 2014;) depending on gear type and location of impact. 
Aside from changing the inorganic suspended particulate matter concentration and distributions 
above the bed as resuspended plumes, these impacts can also stir and turn the bed to expose 
new sediment from depth or redistribute sediment pore-waters during pressure changes above 
the sediment water interface and within the sediment associated with the gear passage.  
Various studies have focused on the effects of gears passing on the inorganic suspended load or 
on changes in the geochemical bed composition (Trimmer et al., 2004; Pusceddu et al., 2005). 
However, this impact on the bed also has the capacity to alter the chemical connectivity of the 
sediment-water column (benthic-pelagic coupling) depending on the mode of action of the gear, 
sediment type and initial sediment chemistry. This can shift the rate, timing and magnitude of 
resupply of chemical species such as nutrients, carbon fractions and contaminants from the bed 
into the water-column, and thus alter ecosystems processes affected by benthic-pelagic 
exchanges.  
 
Limited work has been done on the chemical changes which occur once sediment is released 
from the bed into the water column and subsequent net input or removal of chemical species 
such as nutrients into bottom waters.  Past studies have tracked nutrient releases using trawl 
gear or in-situ devices (Durrieu de Madrona et al., 2005; Dounas, 2006) or forced resuspensions 
in laboratory mesocosms (Tengberg et al., 2003; Percival, 2004). Others have developed 
methods to track plume sediment and nutrient concentrations and calculate release via a closed 
budget type approach (Durrieu de Madron et al., 2005; Coughlan et al., 2012). These studies 
have shown that changes in fluxes and the nutrient ratios of release can be significantly 
different, especially for nutrients generated deeper in the bed (i.e.silicate or phosphate) or 
which have low oxidation/scavenging behaviour (i.e. nitrate). 
However, these methods are limited in their ability to reproduce a realistic trawl impact on the 
sediment in terms of depth or scale whilst in mesocosms or restricted to linking instantaneous 
chemical measurements (derived from within a plume or from the bed) to calculate nutrient 
release/flux without information on subsequent chemical processing such as oxidation or 
scavenging (particularly relevant for nutrients such as ammonium and phosphate). There is 
therefore a need to quantify sediment and nutrient partitioning changes and kinetics under 
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different sediment resuspension scenarios which are consistent with trawling disturbances and 
track overall changes in nutrient fluxes (+ or -) from ambient conditions.  
 
The experimental work described below was designed to provide information on the net release 
of different nutrients immediately after resuspension and also investigate how this release 
changes with time after a trawl pass i.e. longer-term changes in water chemistry following an 
acute disturbance. The overall aim was to provide a mechanistic approach to assess net nutrient 
release with respect to variable gear disturbance depth and evaluate resulting concentrations 
and nutrient specific, post-resuspension chemical processing within any associated plume. 
Experiments were run for differing depth of sediments (in relation to differing gear 
penetrations/disturbance horizons) and also different types of sediments (to reflect differing 
plume locations or concentrations and hence particle/dissolved phase interactions). By tracking 
differing nutrient flux behaviour, initial substrates and depths it was envisaged to develop a 
systematic approach to describing nutrient releases associated with gear disturbance 
(penetration or resuspension) for a discrete period post trawl.  
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2.2 Material and Methods: 
 

2.2.1 Sediment sampling and site characterisation 
January 2014: North Sea  
Three sites in the North Sea were selected for sampling on a routine Cefas /Defra cruise. These 
sites (North Dogger, Oyster Grounds and Sean Gas Field) have been extensively studied 
previously (Marine Ecosystem Connections Programme 2007-2012, Defra contract ME3205) and 
would have enabled building future work on a good understanding of sediment biogeochemistry 
and natural / storm fluxes in these locations. Unfortunately severe weather conditions for the 
whole of the 2 week cruise prevented any coring or experimental work. 
  
March 2015: Celtic Sea  
Intact box-cores were taken from four locations in the Celtic Sea during a cruise in March 2015, 
associated with the UK NERC Shelf Seas Biogeochemistry (SSB) Programme (cruise DY021). The 
location of the study sites (Boxes A, G, H and I, representing main SSB process sites) are marked 
on Figure 2.1 below.  
 

 
Figure 2.1: Map of site locations for sediment samples collected for resuspension experiments during 
March 2015 cruise plotted on a predicted % mud layer (data used to create this layer is published at 
http://doi.pangaea.de/10.1594/PANGAEA.845468; Stephens and Diesing (submitted).  
 

The sediment types were selected on the basis to cover a spectrum ranging from mud to sand, 
specifically: 
 
Box A= mud  
Box G = sand  
Box H = muddy sand  
Box I = sandy mud  

http://doi.pangaea.de/10.1594/PANGAEA.845468

