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Abstract :

The development of the vessel monitoring system (VMS) in the recent years has offered high-resolution
data to map the distribution and intensity of fishing activities and contributed to enhancing the potential
identification of fishing impacts. However, impacts could vary at very small scale and the resolution of
VMS data might not be fine enough. Other proxy could be used, such as trawl marks visible on the
seabed observed by underwater video or side-scan sonar to evaluate small-scale trawling effort. In the
Bay of Biscay, an underwater video survey of the Nephrops norvegicus fishing ground was conducted
and provided environmental characteristics such as depth and number of trawl marks at 152 transects.
The relevance of observed trawl marks as a small-scale proxy of trawling effort was tested depending
on the sediment type. The model showed a significant positive relation between density of marks and
trawling effort for all sediments together but a different relation for each sediment type. Considering
each sediment type separately, the unexpected high number of marks observed on sands could be
linked with cohesive interactions between calcium carbonates particles while the low number of marks
on fine lithoclastic muds could be due to sediment reworking and bioturbation. We conclude that the
impact of trawling on the seabed varies with the type of sediments, hydrodynamic parameters,
bioturbation and trawling intensity, leading to a very complex relationship. Trawl marks observed on
video footage thus could be used as a proxy of trawling effort among the same type of sediment and not
for fine lithoclastic muds.
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Highlights

» Trawl marks on the sea bottom were counted with underwater video. » Short and long time frame
trawling effort assessment were considered. The link between marks and trawling effort is weak. » The
relation depends on sediments through particle size or calcium carbonate content.
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1. Introduction

The Ecosystem Approach to Fisheries calls for an assessment of fishing impacts on seabed
communities in order to maintain ecosystem functioning. In particular, the European Marine
Strategy Framework Directive, through descriptor 6, focuses on seafloor integrity and
highlights the need for indicators of pressures and state for marine management (Rijnsdorp et
al., 2016; Eigaard et al., 2016b). Over the last decade, numerous advances have been made,
particularly the improvement in technologies to measure physical impacts (underwater video
and side-scan or multi beam sonar) or the access to high-resolution fishing effort information
through VMS data (Skaar et al., 2011). Although the VMS data makes it possible to map
fishing effort quite efficiently, the recommended resolution of 0.05 degrees =~ 6 km (ICES,
Advice, September 2014) might be too coarse to be linked to benthos data, collected at the
100-m scale (Skaar et al., 2011; Lambert et al., 2012), leading to a spatial mismatch between
patterns of fishing effort and benthic biodiversity. Attempts to solve this issue were made
through an increase in resolution of VMS data (Lambert et al., 2012) or the simultaneous use
of several complementary devices such as video and sonar to observe trawl marks on the
seabed (Humborstad et al., 2004; Smith et al., 2007; Malik and Mayer, 2007). The relation
between trawling effort and trawl marks observed with video or sides-can sonar was also
investigated (Krost et al., 1990; Friedlander et al., 1999; Buhl-Mortensen et al., 2016),
highlighting the interest in such devices to evaluate fishing effort at fine scale.

In 2014, an underwater video survey was conducted in the Nephrops fishing ground of the
Bay of Biscay known as the “Grande Vasiére”. These video recordings notably allowed the
marks left by the otter trawl doors to be counted. Fishing effort was mapped based on VMS
data, but the potential use of trawl marks as a useful indicator to evaluate trawling effort at a
fine scale was questioned. In review of trawling impacts on the seabed, Linnane et al. (2000)

reported that trawl doors might cause more or less distinct marks according to the sediment



type and characteristics of the fishing gear. Different authors have observed highly variable
delays before the disappearance of these marks from the continental shelf: from several hours
(Margetts and Bridger, 1971, cited in Linnane et al., 2000) to a year (Schwinghamer et al.,
1998) while on the deep seafloor, they could remain longer than 50 years (Dyment et al.,
2014).

Here, we made a comparison between trawling effort estimated with VMS data and the
observed marks, accounting for sediment type. Since no information was available about the
persistence of trawl marks on the different sediment types considered in our study, two time
frames were used for trawling effort: a short one corresponding to the week before the survey

and a longer one of 4 months, corresponding to the whole Nephrops fishing season.

2. Material and methods

The area studied is 225 km long by 40 km wide and lies in the north-east Bay of Biscay,
France (Fig. 1) (Bourillet et al., 2006). The sampling sites were located on the continental
shelf at depths ranging from 66 m to 133 m. In September 2014, 152 video transects were
realized on board of the R/V Celtic VVoyager. Their locations were chosen along a regular
square grid of 8.7x8.7 km resolution, built from a first point picked randomly inside the limits
of the study area. A camera was fixed on a sledge dropped onto the seabed and towed for a 10
min haul at an average speed of 0.85 knots (methodology developed by Lordan et al., 2011).
Transects were, on average, 183.7 m long for a filmed area of 143.9 m? (for more details see
Merillet et al., 2017).

Twin and single otter trawls account for the major part of fishing effort in the Grande Vasiére
(89.7% of the total fishing hours over the period considered here). Otter trawl doors are the
part of the gear that has the strongest impact on the seabed (Eigaard et al., 2016a) whose most

visible sign being marks in the sediment. In this study, a trawl mark was defined as the linear



depression of circa 5 cm deep and 15-20 cm width, dug by one door. Every visible track
(hereafter named trawl marks) on the video footage, crossing the course of the sledge, was
counted. With underwater video, it is impossible to find out which door tracks were paired,
i.e. which door tracks result of the 2 doors of one trawl. At the exception of some turbidity
clouds, images of the seabed were clear. The number of observed trawl marks was summed
for each transect and divided by the sampled area to get a homogenized measure of the

number of trawl marks per m? (hereafter referred to as density of marks).
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Figure 1: Map of the sampling area. Black dots indicate transects.

VMS effort data were obtained from the French Direction of Maritime Fisheries (DPMA) and
processed using the SACROIS algorithm (Demaneche et al., 2010) at a resolution of 3°x3’.
For the long time frame, fishing hours were summed in each grid cell over 26 weeks from the
beginning of April to the end of September 2014, which corresponds to the Nephrops fishing
season, when most trawling activity takes place in the Grande Vasiere. To account for the

potential rapid disappearance of marks, a short time frame trawling effort assessment was
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made, based on the week before the sampling campaign. The type of sediments at each

sampling site was obtained from Bouysse et al. (1986) (Table 1).

Table 1: Sediment type classification, modified from Bouysse et al. (1986) who had classified them according to their grain
size (percentage of silt and clay particles, i.e. particles smaller than 63 um, varying from sand to mud) and calcium

carbonate content (between 10% and 30%, between 30% and 50% or >50%). The percentage of total number of station and

the area of each sediment type is in parenthesis. For more clarity, the correspondence with Folk’s classification is given.

Grain size
fine <25% 25%< fine <50%  50%< fine <75% fine 275%
Lithoclastic muddy sand Lithoclastic mud

10%< calcium carb. <30% (39.5% of transects - (22 Z;hgfdt?::;::t:({yz?;zdkmZ) (3.9% of transects
4666km?) e - 633km?)

Carbonated muddy sand
30%< calcium carb. <50% (23.7% of transects -
2537km?)

Calcareous muddy sand
calcium carb. 250% (10.5% of transects -
1153km’)

Calcium
carbo-
nate
content

Folk’s classification correspondence Sand Muddy sand Sandy mud Mud

The trawling effort (fishing hours) was plotted by sediment type for the two time frames. A
non-parametric Kruskal-Wallis multi-comparison (Siegel and Castellan post-hoc test) was
performed to distinguish significant pairwise differences in trawling effort between sediment
types, to identify sediment types more prone to exhibiting trawl marks. Similarly, trawl marks
were plotted and a Kruskal-Wallis multi-comparison was performed to compare the density
of marks observed on each sediment type. We then tested the effect of trawling effort and
sediment type on the density of marks using a zero-inflated negative binomial model to
handle the number of zeros (trawl mark density had 82.2% zeros) and the uncertainty in the
origin of these zeros (i.e. true or false zeros depending on whether the mark was truly absent
or just not detected). The zero-inflated model models the distribution of excess zeros

separately from count data, which are modelled in the count model (Table 1).



3. Results and discussion

In both the short and long time frames, trawling effort intensity was different between
sediment types. The highest trawling effort was exerted over lithoclastic sandy mud and
lithoclastic muds (Fig. 2.A and 2.B). Trawling effort was the lowest over calcareous muddy
sands for the long time frame (Fig. 2.A) and over carbonated muddy sands for the short time
frame (Fig. 2.B). The density of observed trawl marks was not significantly different between

sediment types (Fig. 2.C.).
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Figure 2: Boxplot of trawling effort for the long time frame (A), short time frame (B) and trawl marks.m (C), on each
sediment type. Black dots represent sampling sites. The “+” indicates the mean, whose value is given on the top of the
boxplot for each sediment type. A letter indicates the result of the Kruskal-Wallis multi-comparison (Siegel and Castellan
post hoc test): if at least one letter is the same between two sediment types, there is no pairwise significant difference

between the means for these two sediment types.

For the short time frame, according to the zero-inflated model, the log odds of observing zero
marks due to false zero decreased significantly as trawling effort increased (Table 2.A.). No
such significant relation was observed for the long time frame (Table 2.A.).

The count models showed a significant positive relation between the density of marks and the
trawling effort for both short and long time frames (Table 2.B) For the long timeframe, the
density of marks was significantly lower in lithoclastic muds (Table 2.B.). When looking at
the predicted number of marks from the models at each sampling site for the long time frame
(Fig. 3.A.), the highest mean number of marks was predicted for the lithoclastic sandy muds

(1.85 predicted marks per transect), calcareous muddy sands (1.10 predicted marks per



transect) and carbonated muddy sands (0.72 predicted marks per transect). The lowest
predicted number of marks was on lithoclastic muds (0.17 predicted marks per transect). The

result was very similar for the short time frame (Fig. 3.B).

Table 2: Summary of the zero-inflated negative binomial models. Significant p-values < 0.05 are in bold.

Long time frame Short time frame

Estimate Std error Z scores p-value Estimate Std error Z scores p-value
(A) Zero inflation model coefficients
Intercept -4.06 0.68 -5.99 2.07¢” -3.92 0.70 -5.6 2.04¢®
Trawling effort -1.62¢7 1.19¢° -1.36 0.17 -0.03 0.01 -2.64 0.01
Carbonated muddy sand  0.54 0.86 0.63 0.53 0.40 0.85 0.47 0.64
Lithoclastic muddy sand ~ 0.89 0.84 1.05 0.29 0.67 0.80 0.84 0.40
Lithoclastic sandy mud 1.17 0.95 1.23 0.22 0.70 0.84 0.83 0.41
Lithoclastic mud -9.79 675.65 -0.01 0.99 -0.75 3.21 -0.23 0.82
(B) Count model coefficients
Intercept -3.99 0.49 -8.11 5.23¢™ -3.94 0.47 -8.332 <2.00.e™
Trawling effort 2.68¢ 1.18¢° 2.27 2.31e” 0.01 478¢* 2.24 0.03
Carbonated muddy sand ~ -0.65 0.71 -0.91 0.36 -0.12 0.62 -0.19 0.85
Lithoclastic muddy sand ~ -1.02 0.72 -1.42 0.16 -0.216 0.585 -0.37 0.71
Lithoclastic sandy mud -0.39 0.83 -0.46 0.65 0.49 0.60 0.82 0.41
Lithoclastic mud -4.67 1.48 -3.16 1.56 ¢ -2.30 1.66 -1.38 0.17
Log(theta) 0.59 0.64 0.93 0.35 0.66 0.62 1.07 0.29

The relation between predicted marks and trawling intensity is different for each sediment
type (Fig. 3). Counter-intuitively, the lowest density of marks was observed in the heavily
trawled areas (i.e., those with lithoclastic muds), while areas with calcareous and carbonated
muddy sands had among the lowest trawling efforts but the highest density of marks (Fig. 2
and Fig. 3). Carbonated and calcareous muddy sands thus tend to maintain visible trawl
marks. Conversely, lithoclastic muds are not marked or the marks disappear quickly on this
sediment type. Finally, more intuitively, lithoclastic sandy muds had the second highest
trawling effort, showed the highest density of marks observed (Fig. 2) and also had among the

highest number of marks predicted for each sampling site (Fig. 3).
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Figure 3: Trend between trawl marks and trawling effort, for the long time frame (A) and short time frame (B) according to
sediment type. Points are the observed number of trawl marks. Curves are the number of trawl marks predicted from zero-
inflated models.

Differences in the relation between trawl marks and trawling intensity across sediment
types might be explained by some of their physical properties, such as grain size (mud, sandy
mud or muddy sand), or by chemical links between particles (due to the fine carbonate
fraction or the fine particles). The degree of penetration of the trawl doors into the sediment as
well as resuspension have been proven to depend on the grain size, with deeper penetration
and more resuspension on finer muddy sediments than the coarser sandy ones (Linnane et al.,
2000; Humborstad et al., 2004; Oberle et al., 2015). The resuspended sediments might then
cover and erase the tracks (Friedlander et al., 1999). Doors penetration also depends on
cohesive strength between particles. For instance, calcium carbonate and clay particles are
linked by mechanical and chemical links stronger than those among lithoclastic sand particles,
which leads to a higher shear stress resistance of the sediment as the calcium carbonate
content increases (Lee, 1982). The higher trawl mark persistence on carbonated and
calcareous muddy sands could therefore stem from these cohesive strengths between the
particles.

Several hypotheses could explain the low density of trawl marks observed on lithoclastic
muds compared to what might be expected from the intensity of trawling effort. First,

lithoclastic muds are superficially penetrated by trawl doors and are four times less



resuspended than muds with a lower clay fraction (Oberlé et al., 2015), most likely because of
high cohesive forces between clay particles. Frequent trawling could also have resuspended
fine particles, then taken away by current (Mengual et al., 2016), which would lead to a
compaction and sediments, less prone to mark. A more likely explanation could be the
reworking of the seabed due to the high trawling frequency over this type of sediment. The
frequent ploughing by the doors on lithoclastic muds might have resulted in a less compact
seabed, more prone to quick disappearance of marks as well as the resuspension of sediments,
which settled on the marks and erased them. Besides, lithoclastic muds are located on the
shallowest areas, exposed to tidal currents or wave actions that erase the marks. Finally, a
high bioturbation activity, suggested by the high density of Nephrops, Munida and Goneplax
burrows observed on lithoclastic muds, could also be responsible for surface sediment mixing
(5-20 cm) thereby contributing to the erasure of trawl mark over the long-time frame
(Schwinghamer et al., 1998; Mengual et al., 2016). More generally, marks could disappear
due to hydrodynamic parameters such as current or water movements during storm, sweeping
by trawl nets, natural sedimentation or sedimentation of resuspended sediments (Friedlander

etal., 1999; Linnane et al., 2000).

4. Conclusion

The seafloor of the Grande Vasiére is constituted for 95% by sand, muddy sand or sandy mud
and for 5% by mud. The trawling effort obtained from VMS data at a relatively low resolution
(3°x37) and trawl marks observed on underwater video footage are spatially congruent over
95% of the area. The model showed a significant positive relation between density of marks
and trawling effort for all sediment together. However, the relation between predicted marks
and trawling intensity is different for each of the 5 sediment types in this study. In particular,

lithoclastic muds have to be considered separately since it showed a very small slope in the



relation between predicted marks and intensity. Indeed, the higher fishing effort coincides
with the lowest density of trawl marks on this sediment.

The relation between trawl marks and trawling effort could depends on the mechanical (i.e.,
grain size) and chemical (i.e., calcium carbonate content) characteristics of the sediment type
but also on the intensity of the fishing effort. This complexity is further increased by
bioturbation and hydrodynamic parameters that are likely uneven across time and space,
which may contribute to a variable durability of trawl marks over time (Mengual et al., 2016).
Considering all these factors, using trawl marks from video recordings as a fine-scale proxy of
fishing effort is relevant for each sediment type taken separately, except on lithoclastic muds.
Knowing the distribution of trawl marks at very fine-scale could provide useful information
for the conservation of vulnerable species at local scale by accounting for the patchiness of
trawling effort better than VMS data (Buhl-Mortensen et al., 2016; Eigaard et al., 2016b;
Merillet et al., 2017). For a comprehensive assessment, underwater video could be completed
by sonar, which can identified old marks no longer visible on video footage, even in turbid

waters (Malik and Mayer, 2007; Smith et al., 2007).
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