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standard in the near future, there remains a lack of empirical evidence of how trawling impacts benthic trait 1 

composition across different seabed habitats and fisheries (Bolam et al. 2017), and studies which examine 2 

the response of specific traits (and associated combinations) to trawling (Hinz et al. 2021).  3 

The vulnerability of benthic communities to disturbance is mainly governed by their tolerance to disturbance 4 

(rate of mortality), and ability to recover (rate of post-disturbance recolonisation) (Hiscock & Tyler-Walters 5 

2006). Some of the key species traits which govern benthic sensitivity to trawling have been determined by 6 

investigations of trawling impacts to community trait composition (Bremner et al. 2003, Tillin et al. 2006, 7 

Bolam et al. 2014, 2017, Van Denderen et al. 2015). Those highlighted include trait categories (and 8 

modalities) such as sediment position (e.g. surface vs. deep), living habit (free-living vs. tube-dwelling), 9 

feeding strategy (scavenger vs. suspension-feeder), and egg development (parental brooding vs. broadcast 10 

spawning), as well as more general traits such as body-size, longevity, and morphology. Regardless of these 11 

findings at the community level, relatively few studies have examined the response of specific traits or 12 

modalities to trawling. Notable exceptions to this include a trawling disturbance indicator that describes 13 

vulnerabilty based on groups of trawling sensitive traits (De Juan and Demestre 2012), and using the longevity 14 

characteristics of individuals to describe community sensitivity (Rijnsdorp et al. 2018, Hiddink et al. 2019). 15 

The relevance of these studies is that single value metrics or indicators are a favoured approach of the main 16 

marine policy directives in Europe, such as the European Union Water Framework Directive (WFD) (Anon. 17 

2000) and the Marine Strategy Framework Directive (MSFD) (Anon. 2008). Under these Directives, metrics 18 

are used to track and measure progress towards environmental targets. This has led to a proliferation of 19 

indicators designed to describe seafloor integrity in recent years (e.g. see Rice et al. 2012, Beauchard et al. 20 

2017), and frameworks and criteria to objectively select the most suitable targets and indicators (Rice & 21 

Rochet 2005, Rossberg et al. 2017). Despite their increasing use, it remains that while a single value metric 22 

can easily convey quantitative information on complex objects of environmental management (Jørgensen et 23 

al. 2013), the inherent simplicity of this approach can necessitate careful interpretation. For example, a 24 

number of recent trawling impact studies have in fact shown that many commonly used benthic indicators 25 

are insensitive to trawling (Hiddink et al. 2020, McLaverty et al. 2020a), and may be more responsive to other 26 

environmental gradients (Gislason et al. 2017).  27 

Such discrepancies in the outcome of trawling impact studies can occur for a variety of reasons (Gray et al. 28 

2006). These may be due to the varying sensitivity of seabed habitats (Collie et al. 2000), differences in the 29 

penetration depths of trawling gears between fisheries (Hiddink et al. 2017), and the similar effects of natural 30 

stressors on the benthos (van Denderen et al. 2015). In addition, trawling will often exert an uneven rate of 31 

mortality across benthic species (Sciberras et al. 2018). For example, large-bodied shallow burrowing infauna 32 
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Average trawling intensity (KS16: 3.8 yr-1, NOVANA 3.4 yr-1) and range (KS16: 0 - 12.6 yr-1, NOVANA 0 - 14.8 1 

yr-1) were similar between surveys (Kruskal-Wallis, p = 0.58), indicating that the trawling gradient sampled in 2 

2016 was representative of longer term trawling activities. On the other hand, environmental conditions 3 

were less comparable (Table 2). Current speed was generally higher at the NOVANA sites (Kruskal-Wallis, p = 4 

<0.001), while depth, mud content, and salinity were all lower (all Kruskal-Wallis, p = <0.001). Temperature 5 

was, however, similar between the surveys (Kruskal-Wallis, p = <0.437). Correlations between trawling and 6 

other environmental variables were found to be strongest between trawling and mud (R = 0.58) in the KS16 7 

data, and between trawling and depth (R = 0.6) in the NOVANA data (Table S2). All relationships were within 8 

acceptable thresholds (Kutner et al. 2004; Dormann et al. 2013), meaning that  their respective effects can 9 

be interpreted independently. A summary of all trawling and environmental values per site is provided in 10 

Table S3 of the Supplement.  11 














































