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Note that this document was submitted after the established deadline.  

It will be decided by the Meeting whether the document can be discussed or is postponed to the next meeting. 

Background 
Following up on past efforts addressing fisheries and their interactions with habitats and species 

(BALTFIMPA, completed in 2013), HELCOM has continued to develop approaches to assess impact from 

fisheries on seabed habitats through the EU co-financed project BalticBOOST. The project runs from 

September 2015 to December 2016 and has the overarching aim to improve tools for assessing status and 

pressures on the Baltic Sea and to increase the knowledge base for development of measures. 

Under Theme 3, physical disturbance and loss to the seafloor due to fisheries impacts is addressed under 

Work Package 3.2. WP 3.2 has made a quantitative assessment of fishing gears interactions with the 

seafloor habitats, also called a “tool”, which is spatially detailed. Furthermore, test cases have been used to 

assess the effects of fishing pressures on benthic habitats. 

The main goal of the tool developed under BalticBOOST WP 3.2 is to provide management-relevant 

information on the extent fishing as a pressure on the seafloor, as well as a methodology to evaluate the 

impact of such pressure. No direct fishing pressure mitigation measures are proposed in BalticBOOST WP 

3.2, but using the Tool it is possible to explore potential priority areas of interest for management and 

trade-off options available to managers. 

With the guidance to BOOST provided earlier this year by HELCOM groups (GEAR and FISH) and by a specific 

workshop (BalticBOOST Theme 3 WS 1-2016), the Tool is currently in its last drafting phases and will be 

ready on schedule for the second workshop of the theme (BalticBOOST Theme 3 WS 2-2016). The focus of 

the workshop is on Work Package 3.1 of the BalticBOOST project, including how to integrate the impact of 

different pressures acting on the seafloor as well as to develop guidance to define environmental targets 

for pressures acting on the seafloor. 

This document contains information on the Fisheries Impact tool and test cases that have been carried out 

under the project. Annex I contains a full description of the tool, Annex II contains definitions of the basic 

terms used in this document. 

 

Action requested 

The Meeting is invited to: 

- take note of the information 

- consider the application of the proposed approach for management purposes,  

- provide guidance, if needed, on the approach and preliminary results. 

http://www.helcom.fi/helcom-at-work/projects/completed-projects/baltfimpa
http://www.helcom.fi/helcom-at-work/projects/baltic-boost
https://portal.helcom.fi/meetings/BalticBOOST%20Theme%203%20WS%201-2016-362/default.aspx
https://portal.helcom.fi/meetings/BalticBOOST%20Theme%203%20WS%202-2016-393/default.aspx
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BalticBOOST WP 3.2 - Development of a tool to assess the impact of 

fisheries on seabed habitats 

 

The Fisheries Impact Tool 

BalticBOOST WP 3.2 has, as a main output, developed a Baltic-wide quantitative fishing pressure 

evaluation tool which is included in full as Annex I. The tool has drawn from the results of the EU-FP7-

BENTHIS project and the ICES WGSFD working group work. The tool uses fisheries data, as well as 

information on spatial distribution of habitats and their sensitivity, as inputs. The tool allows a 

quantification of the extent of fishing pressure and by overlaying it with an estimation of seabed habitat 

distribution and sensitivities, an index of seabed integrity can be calculated, at the resolution of 1x1 minute 

of longitude/latitude (approx. 1.9 km2 at 56oN). The tool itself will be available in the form of a set of R 

routines hosted by a specific github repository online (https://github.com/frabas/FisheriesImpactTool, link 

not yet active) that can be applied to new sets of fisheries and habitat data to quantitatively estimate the 

fishing pressure on the seafloor. A case from the Western Baltic is presented here as a test scenario using 

the Tool.  

Fisheries data 

Fisheries spatial data (VMS) from German, Swedish and Danish vessels was extracted from 2010–2012 and 

was coupled with logbook data to assign it to different functional gear groups (métiers) based on target 

species and gear type information. Relationships between gear dimensions and vessel size (e.g. trawl door 

spread and vessel power) for each métier were used to assign the swept-width of gear to each logbook trip, 

calculate total seabed area swept by a given vessel, and estimate surface and subsurface impact based on 

information on the dimensions of the gear components that penetrate into the seabed according to Eigaard 

et al. (2016). The annual intensity was then calculated by dividing the total area trawled in each grid cell 

with the size of the grid cell. As a result, Western Baltic “Trawling Footprint” was estimated as an index of 

benthic fishing pressure in the area which shows the extent of bottom trawling, and reflects the proportion 

of the total seabed area (management area or habitat type) that is trawled annually during the period of 

analysis. Under the assumption of uniform distribution within grid cells the extent of bottom trawled was 

calculated with two metrics: (i) percentage of the grid cells of a management area or habitat type (after 

standardization for differences in grid cell size) where any quantity of trawling has been recorded 

irrespective of its intensity; (ii) area of the seabed trawled at least once a year. The Trawling Footprint was 

estimated by both methods described above as proportions of the different EUNIS habitat type areas (Level 

3) which are affected in the Western Baltic. The footprints were estimated separately by gear type (Bottom 

otter trawl; Seine; Dredge). 

Habitat data and sensitivity 

Habitat spatial distribution was derived from existing Eunis level 3 maps.  

The sensitivity of the seabed habitats was estimated for the Western Baltic using the longevity approach 

developed in BENTHIS WP2 (Eigaard et al. 2016) for organisms characteristic of the communities living in 

Eunis habitats. The main principle of the approach is that if the reciprocal of the trawling intensity, which 

reflects the average time interval between two successive trawling events, is less than the life span of an 

organism, the fishing pressure compromises the survival of the organism (Rijnsdorp et al. 2016). In the Tool, 

sensitivity was set based on longevity data from the North Sea, but the work is currently being harmonized 

and updated using values from the Baltic Sea derived from the recently published Gogina et al. (2016) 

paper.  

https://github.com/frabas/FisheriesImpactTool
http://www.emodnet-seabedhabitats.eu/


FISH 5-2016, 5-5 
 

 

Page 3 of 19 
 

Outputs 

The seabed integrity index (SBI) is a proposed measure of the impact of fishing pressure on seabed habitats 

and was estimated by overlaying the annual fishing intensity spatial estimates with the distribution of 

habitats, using community specific sensitivities derived from the longevity composition of the biomass from 

a reference (untrawled) area (Figure 1). 

 

Figure 1 - Seabed integrity index (SBI) values corresponding to the subsurface trawling impacts. The seabed 

integrity index is 0 when all taxa are impacted and 1 when no taxa are impacted. The white areas show grid 

cells that were untrawled. 

For all gears and habitats, metric (i) and metric (ii) provided almost identical footprint estimates, reflecting 

that only a small part of the grid cells are fished less than once a year. This means that the Western Baltic 

bottom trawl fishery is very conservative in nature when it comes to choice of fishing grounds and tends to 

fish the same grid cells across years (keeping in mind of course that the analysis only covers the period from 

2010-2012). In general the SBI of grid cells was either high (>0.82) or low (<0.18) and areas with 

intermediate SBI were sparse (Figure 1). This dichotomy relates to the trawling intensity profile and the 

longevity distribution of the benthic community. High seabed integrity will be restricted to grid cells with a 

trawling intensity of less than 0.1 year−1, because taxa with a life span of >10 years comprise < 18% of the 

biomass of the benthic community. It is only a narrow range of intensity (0.1–0 .5 year−1) for which SBI 

takes middling/moderate values.  

Test cases to assess fishing effects – preliminary reports 

In addition to the development of the tool, a number of the test cases are being carried out to evaluate the 

magnitude of effects from fisheries. More specifically, they served to provide actual information that could 

be used for the definition of guidelines to set environmental targets (addressed under WP 3.1). 

A direct estimation of the effects of fishing pressure was carried out in several locations:  

- The Femern Belt (including fisheries from Denmark, Germany and partly Sweden) 

- Four locations in Swedish territorial waters (Scania, Hanö bay west, Blekinge and Gotland)  

- The whole Baltic Sea basin, with a modeled approach 

Femern Belt test case 
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In the Femern Belt, the benthic monitoring program covered benthic fauna stations sampled under a 

carefully planned survey design with intensive, standardized, and repeated grab and frame sampling on 

seasonal basis in 2009 and 2010 on different types of benthic habitats and bottom depths. In particular, 

biodiversity (number of benthic species), density (number of benthic individuals) and biomass (weight of 

benthic fauna) were considered in the analysis. Fishing pressure was estimated as the fraction of the area 

(ratio of surface) covered by fishery (accumulated fishing effort) in a 1500 m radius from the benthic 

sampling stations and during a previous 3-month period of time. Hydrographical data, bottom depth, 

bottom current speed and sediment physical characteristics were also considered in the analysis. Three 

EUNIS level 3 habitats were relevant in this case: Sublittoral sand (A5.2), Sublittoral mud (A5.3) and 

Sublittoral mixed sediments (A5.4). Analysis was performed with simple correlation analyses followed up by 

complex multivariate statistical analyses of the fishing pressure impacts on the benthic community 

according to the many community and environmental parameters, which have been sampled with a very 

high resolution in time and space and with a very high number of observations. The estimates of fishing 

pressure in the analyses are ranging from low to high pressure. 

The preliminary results show that fishing pressure had a moderate but significant negative effect on 

biodiversity and density for all three habitats with a tendency towards higher impacts on the more course 

sediment. Fishing pressure seems not to have a strong impact on benthic community biomass. Accordingly, 

biodiversity and density seem to be rather strong indicators for impacts of fishery on the benthic 

invertebrate community with respect to different levels of fishing intensity, while benthic invertebrate 

community biomass seems not to be a strong indicator in this respect. It is evident that the positive 

correlation and impact of density on biodiversity needs to be taken into consideration when evaluating 

impacts on biodiversity. Also, it is evident that there are interaction effects and that fishing pressure has 

different impacts on the biodiversity and density in different habitats dependent on season of year. Overall, 

it seems that the impacts of fishing pressure on the benthic community diversity and density is in the same 

order of magnitude as the influence of natural hydrographical factors, e.g. current speed. The indicator 

density/biomass as well as the longevity indicator is in the process of being analyzed in the case study. 

Swedish test case 

In Sweden, benthos data from national monitoring stations was compared with fisheries pressure data 

(estimated according to the Tool methodology) to explore the response to pressure in 2010 and 2012. The 

biological data consisted of multivariate data on biomass and abundance and univariate data on species 

numbers, number of individuals, Benthic Quality Index (BQI), and biomass per individual for the whole 

sample summarized as the W statistic. Depth of the sampling station was also included in the analysis and 

tested for relationships with the community variables, as it is a significant proxy for other environmental 

parameters e.g. salinity. The fisheries data consisted of accumulated fishing intensity, calculated for four 

years before benthos was sampled in 2012 and 2010, within a 250 meter radius from each monitoring 

station. Accumulated fishing intensity was reduced with 30% each year starting with year two. Data was 

analyzed with multivariate statistics.  

In 2010, out of 16 analyses, depth alone was significant in two analyses, fishing intensity alone in three and 

both together in three. In 2012, depth alone was significant in five, fishing intensity alone in four and both 

together were never significant. Fishing intensity was a significant factor in affecting number of species, for 

both years, only in the sea region of Gotland; the most intensely fished area of this test case. Other 

relationships between fishing pressure and different response variables were not consistent between 

years. For example BQI, which was developed to classify eutrophication status in both the Water 

framework directive and the Marine strategy framework directive, was not a clear indicator of fishing 

pressure. 

Pan Baltic Sea test case 
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At the Baltic Sea scale, an approach has been tested by ICES under WP 3.1 to attempt to establish reference 

conditions for Baltic Sea benthic communities, based on longevity and age-at-maturity of organisms of 

areas not affected by pressures. To this extent, community information has been derived from a recent 

study by Gogina et al. (2016) and was used to model the ‘untrawled baselines’. 

The work on baseline conditions was used to model predicted impacts from fishing pressure on each of 

these communities, from the proportion of biomass comprised by taxa with a life span/age at maturity 

longer than the average interval between fishing events. 

 

Further work is in progress on case-specific comparative discussion and applications. Among other 

comparisons, a focus is placed on the aggregation scales used for fishing pressure, benthic 

habitat/community sampling and on interactions with other pressures. Moreover, analysis on benthic 

community aggregation, and its comparison to EUNIS habitats, is still ongoing. 

Potential fishing pressure mitigation options 
Albeit no direct fishing pressure mitigation measures are proposed (or will be proposed) by BalticBOOST 

WP 3.2, using the methodologies and tools developed therein it will be possible to further explore potential 

priority areas of interest for management and simulate scenario options. 

In particular, the work of ICES evaluated possible alternative scenarios for the reduction of fishing pressure 

at the national spatial scale, based on benthic community life history traits. Furthermore, with the Tool, a 

more detailed assessment of target species landings was attempted, which could be used in the future to 

explore fisheries spatial reallocation options, based on a trade-off between seabed integrity and economic 

value of landings. Clearly, given the patchy and variable spatial distribution of fisheries, further 

consideration needs to be given to the effectiveness of such measures. Under WP 3.1 a guidance for 

defining environmental targets (i.e. required reduction in pressure to be consistent with good 

environmental status) for pressure acting on the seafloor is also being developed. 

Future work timeline 

The Tool is sent for a review by ICES external experts on October 28. The review output is expected by 

November 18 and integrated in the final version, as far as possible. 

Further work is currently ongoing to further elaborate test cases in a comparative approach. 

A final BalticBOOST workshop will be held in Helsinki, at the premises of the HELCOM Secretariat, on 

November 28-29 and will focus specifically on the integration of different pressures and the definition of 

principles for environmental target setting (BalticBOOST Theme 3 WS 2-2016).  

At the end of the project, in December 2016, WP 3.2 final outputs will consist in a report on the 

methodology used, a quantitative definition of fishing gear interactions with the seafloor habitats with test-

case examples and a software ready for use. The outputs of WP 3.2 could be therefore used by natural 

resource managers around the Baltic to evaluate current management practices. 

References 
Eigaard O.R., Bastardie F., Hintzen N., Buhl-Mortensen L., Buhl-Mortensen P., Catarino R., Dinesen G.E., et 
al., 2016. Benthic impact of fisheries in European waters: the distribution and intensity of bottom trawling. 
ICES Journal of Marine Science, in press. 

Gogina, M., H. Nygård, M. Blomqvist, D. Daunys, A. B. Josefson, J. Kotta, A. Maximov, et al. 2016. The Baltic 
Sea scale inventory of benthic faunal communities. ICES Journal of Marine Science 73:1196–1213. 
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Annex I - BalticBOOST Fisheries Impact Evaluation Tool (FIT) with 

Application to Assess the Bottom Fishing Footprint in Western Baltic Sea 

(ICES Subdivisions 22-24) 
 
Introduction 

 

Fishing is one of the dominant anthropogenic activities affecting marine ecosystems (Halpern et al., 2008) 

and there is global concern about adverse effects of particularly bottom trawls on seabed habitats and the 

structure and functioning of benthic ecosystems (Dayton et al., 1995; Watling and Norse, 1998; Jennings 

and Kaiser, 1998). We introduce here a workflow for relating the fishing pressure issued from the 

different fishing activities to the response of some of the affected components (fish stocks, 

benthic habitats) in order to address the needs for an evaluation tool of how fishing impacts the 

marine ecosystem. As a matter of proof, the objective of the below analysis is to study the footprint of 

fishing with mobile bottom-contacting gears in the Western Baltic Sea during 2010–2012 and compare it 

across habitat areas. Bottom fishing distribution and intensity (calculated as swept area in a grid cell 

divided by surface area of a grid cell) is analyzed at a resolution of 1×1 minute longitude and latitude for 

different EUNIS habitat types and main gear groups, distinguishing between surface and subsurface 

footprints. Furthermore, an indicator of seabed integrity is estimated at the same grid cell resolution. The 

characterized fishing pressure is further coupled to information on fish and shellfish landings in order to 

make explicit the trade-off between impacts and the revenue made out of the sales from the impacting 

fisheries. This coupling should support end-users and practionners further by incorporating the first steps 

of an economic dimension of the concerned fishing practices. This tool can ultimately apply to any area as 

soon as the required area-specific data are available. Subcomponents of the tool are also to be informed 

and downscaled to particular areas supported by specific cases studies. 

 

Methods 

 

Methods – swept area intensity or swept area ratio 

 

Two parallel sources of data are set up depending on whether the raw or aggregated VMS data are used 

(see diagram further below) while the workflow from aggregated VMS data is an approximation of the one 

starting from the raw VMS data. Working on data issued by a data call from ICES, ICES WGSFD is generating 

aggregated swept area ratio (SAR) on a c-square grid from the individual country aggregated VMS data. The 

coverage obtained by the ICES data call is good given most of the European countries submitted data to 

ICES (ICES WGSFD 2016). Alternatively, in the present application, raw VMS data were available and 

extracted 2010-2012 VMS data from Denmark, Sweden and Germany, the three main active countries in 

the western Baltic, were coupled to logbook data also based on methodology developed by Bastardie et al. 

(2010) and Hintzen et al. (2012). Individual logbook observations for bottom trawling were assigned to 

different functional gear groups (métiers) based on target species and gear type information (Eigaard et al., 

2016a). Relationships between gear dimensions and vessel size (e.g. trawl door spread and vessel power) 

for each métier (Eigaard et al., 2016a) were used to assign the swept-width of gear to each logbook trip. In 

addition to the total width of the gear used to estimate the surface impact, the subsurface impact was 

estimated based on information on the dimensions of the gear components that penetrate into the seabed 

(Eigaard et al., 2016a). The extended logbook data were combined with interpolated vessel tracks from 

VMS data (Hintzen et al., 2010). In this way the total seabed area swept by a given vessel and fishing gear 

over the three-year period could be estimated taking into account the gear footprint of the métiers. The 

total area swept annually was estimated within grid cells of 1x1 minute longitude and latitude, which 

corresponds to approx. 1.9 km2 at 56oN with cell size gradually increasing or decreasing the further south or 
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north it is located. The annual intensity was then calculated by dividing the total area trawled in each grid 

cell with the size of the grid cell. The swept area ratio is calculated for surface and subsurface abrasion 

separately.  

 

 

Methods – trawling footprints 

 

A western Baltic “Trawling Footprint” was estimated as an indicator of benthic fishing pressure in the area 

(Eigaard et al. 2016b). This indicator shows the extent of fishing with mobile bottom-contacting gears, and 

reflects the proportion of the total seabed area (management area or habitat type) that is trawled annually 

during the period of analysis. Under the assumption of uniform distribution within grid cells the extent of 

bottom trawled was calculated in two ways: (i) percentage of the grid cells of a management area or 

habitat type (after standardization for differences in grid cell size) where any quantity of trawling has been 

recorded irrespective of its intensity; (ii) area of the seabed trawled at least once a year. This first metric (i) 

includes the untrawled parts of grid cells where trawling intensity was less than once a year. The second 

metric (ii) was calculated as the sum of the surface area of the fully trawled grid cells (trawled >= 1 year−1) 

plus the sum of the swept areas of partially trawled grid cells (trawled less than once a year). The first 

footprint calculation (i) acknowledges that the data used (2010–2012) only covers a relatively short time-

step. If a longer time step would be considered the untrawled parts of the grid cells would be increasingly 

likely to be trawled. 

 

The Trawling Footprint was estimated by both methods described above as proportions of the different 

EUNIS habitat type areas (Level 3) in the Western Baltic (Figure 1) where fishing with mobile bottom 

contacting gear occurs. The footprints were estimated separately by gear type (Bottom otter trawl; Seine; 

Dredge). 

 
Figure 1. Distribution of EUNIS habitats (level 3) in the w. Baltic Sea. 

 

 

Methods – Seabed integrity 

 

The integrity of the seabed was estimated for the Western Baltic using the longevity approach developed in 

BENTHIS WP2 (Eigaard et al. 2016b). The seabed integrity index (SBI) was estimated for grid cells of 1×1 
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min. longitude and latitude by combining the annual intensity estimates with the longevity composition of 

the biomass from a reference (untrawled) area. The main principle of the approach is that if the reciprocal 

of the trawling intensity, which reflects the average time interval between two successive trawling events, 

is less than the life span of an organism, the integrity of the seabed habitat to provide a place to live for the 

organism may be compromised (Rijnsdorp et al., 2016). Because the reference longevity composition of the 

different habitat types in the Western Baltic is not yet established, the assumption was made that the only 

established reference longevity composition so far, from the North Sea (Eigaard et al. 2016b after Rijnsdorp 

et al. 2014; Table xx; North Sea parameter estimates defined for EUNIS level 3 A5.1, A5.2, A5.3, and A5.4), 

also applies for all the habitat types in the Baltic Sea. This is of course a substantial simplification and 

consequently the index values and maps should be considered preliminary. Even so the SBI approach was 

applied for the purpose of demonstrating methodology and output type: 

 

𝑆𝐵𝐼 = exp(𝛼 + 𝛽 (ln
1

𝑡
) (1 + exp(𝛼 + 𝛽 (ln

1

𝑡
))⁄   

 

With t is the trawling intensity and 𝛼 and   𝛽 are the coefficients of the logistic regression of the 

cumulative biomass (specific to each habitat; e.g. Figure 2) against log of the life span of the taxa, with the 

estimates given in Table 1. 

 

Table 1: Alpha and beta parameter estimates obtained from Rijnsdorp et al (2016) to deduce the seabed 

index (SBI) from habitat specific biomass longevity distributions (as described in Eigaard et al. 2016). 

 

EUNIS 
Level3 𝛼 𝛽 

A5.1 4.77415 2.64516 

A5.2 -7.6857 4.424618 

A5.3 5.72813 4.151049 

A5.4 4.11021 2.801233 
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Figure 2. The proportion of biomass of longevity classes (<1, 1–3, 3–10, and >10 years) of the infaunal 

community (total) and two types of bioturbators (surface depositing, diffusive mixing) and two feeding 

types (suspension feeding, deposit feeding) in three habitat types: (a) A5.1, Sublittoral coarse sediment; (b) 

A5.2, Sublittoral sand; (c) A5.3, Sublittoral mud. From A. D. Rijnsdorp et al. ICES J. Mar. Sci. 2016;73:i127-

i138 

 

 

Methods – Origin of landings 

 

Within the tool, the spatial distribution of the retained catches (landings) declared in fishermen´s logbooks 

was obtained following the methodology developed in Hintzen et al 2012, introducing VMStools (an R 

package) for processing the VMS data and couple them to logbooks declaration in a most standard way. 

VMStools is applied here and embedded in the present fisheries impact assessment tool to assign a piece of 

the landings in kg per trip per ICES rectangle per fishing day evenly to the discrete positions (on the same 

trip, rectangle and day) detected as fishing events by the analysis of the individual VMS tracks. 

Alternatively, at a coarser scale, the international landings collected at the ICES rectangle level by EU STECF 

can dispatch over the VMS fishing positions, with some limiting assumptions.  

 

 

Results 

 

Fishing with mobile bottom-contacting gears is widely distributed with high intensities over the Western 

Baltic and Kattegat (Figure 3, left). The entire eastern half of Kattegat has a high fishing pressure level with 

annual intensities between 1 and 10, but also substantial areas of the Arkona Basin, north and south  of 

Bornholm and the most south-western part of the Baltic (Kiel and Mecklenburg Bay) has annual intensities 

above 1. A few localized hotspots in these high-pressure areas have annual intensities above 10. 

Disregarding the western Kattegat and the inner Danish waters most of the area shown has intensities 

above 1. When estimating the subsurface intensity the same picture of pressure distribution emerges, but 
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with the intensities scaled substantially down (only  the areas in Kattegat with intensities above 1 and 

otherwise the high-pressure areas experience annual intensities from 0.1 to 1) (Figure 3, right).  

 
Figure 3. Annual average fishing intensity (2010-2012) at the surface level (left; sediment abrasion < 2cm) 

and subsurface level (right; abrasion ≥ 2 cm) for all bottom contacting gears from Denmark, Sweden and 

Germany. 

 

When separating the fishing pressure by gear type, it becomes clear that otter trawling is the main gear in 

the area (Figure 4, left). Demersal seining takes place nearly exclusively in the Arkona Basin, the south-

eastern part of Mecklenburg Bight and a small part of western Kattegat (Figure 4, middle), whereas 

dredging is restricted to Danish fjords, straits and coastal areas (Figure 4, right)  

 

 
 

Figure 4. Annual average fishing intensity (2010-2012) with seabed impact at the surface level by main gear 

groups. Left: Otter Trawl, middle: Demersal Seine, right: Dredge. 

 

Figure 5 shows the footprints estimated by metric i (the percentage of all the grid cells trawled, irrespective 

of intensity) and metric ii (area of the seabed trawled at least once a year) alongside the relative surface 

area of the habitat type. The analysis shows that otter trawling takes place extensively in all habitat types 

and that the proportion of grid cells trawled ranges between 40% and 80%, also for the hard substrates 

(circa- and infralittoral rock). Dredging and seining only takes place on sublittoral sand (A5.2), sublittoral 

mud (A5.3) and sublittoral mixed sediments (A5.4), with a clear preference for sand for the seiners. Both 
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these fishing gears have much smaller footprints compared to otter trawling (less than 15% across all 

habitat types). For all gears and habitats metric i and metric ii provide almost identical estimates. 

 

 
 

Figure 5. Footprint per EUNIS habitat within SD 22-24 and per fishing activity (Dredge, Seine, Otter Trawl) 

from Danish, Swedish and German fleets. The trawling footprint is estimated by metric i (the percentage of 

all the grid cells trawled, irrespective of intensity, grey bars) and metric ii (area of the seabed trawled at 

least once a year, white bars) and plotted alongside the relative surface area of each habitat type in the 

studied area (black bars). 

 

 

Seabed integrity estimated at the subsurface level revealed that most grid cells either have a low (<0.18) or 

a high (>0.82) integrity (Figure 6). More intermediate values are only observed in smaller areas north of 

Bornholm, in the Arkona Basin and in the Kiel and Mecklenburg Bays.  
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Figure 6. Seabed integrity Index (SBI) values corresponding to the subsurface trawling intensities  (after 

Rijnsdorp et al, 2016, and Eigaard et al.2016, accepted) For the seabed integrity indicator, 0=all taxa 

impacted and 1=no taxa impacted). The white areas show grid cells that were untrawled. 

 

The importance of coupling the spatial occurrences of fishing to the logbook declaration was illustrated by 

characterizing the cod spatial origin of the (retained) catches within the Baltic Sea made by a subset of the 

Danish fishers (Figure 7, from Bastardie et al. 2016).  Using recent development in the analysis of fisheries 

data, in particular VMStools presented in Hintzen et al. (2012), we show that the fine spatial distribution of 

the catches can be obtained by different type of gears. This is at a much lower geographical scale that it 

was available so far (at best, the ICES rectangle) which creates useful new information on various fisheries 

spatial impact–related aspects. 

 

 
Figure 7. The Central Baltic Sea region with ICES area codings and bathymetry (in blue levels) are shown 

together with the spatial origin of the 2012 cod landings in kg (red levels circles). Source: Bastardie et al. 

2016. 

 

Discussion 

 

The maps of trawling intensity show a somewhat different picture for Kattegat and the Western Baltic area. 

In Kattegat approximately half the area (western part) is untrawled or trawled at low intensities, whereas 
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practically all the eastern half is trawled at intensities above 10. This apparent either-or level of fishing 

pressure most likely reflects that Nephrops trawling is the dominant fishery in Kattegat and that this 

species is very abundant throughout the deeper soft-sediment parts (eastern half of Kattegat) but not 

present at all in the shallower areas (western half). 

 

In contrast, the western Baltic area has a more heterogeneous distribution pattern of fishing pressure with 

intensive bottom trawling in localized areas, and medium to low-intensity trawling elsewhere. It is likely 

that this heterogeneity in the western Baltic reflects certain morphological features, such as gradients in 

bathymetry, changes in bottom type or the occurrence of un-trawlable grounds. A second mechanism 

generating trawling hotspots and heterogeneity is related to the patchiness in the distribution patterns of 

the target fish and their prey (Rijnsdorp et al., 2011; Ellis et al., 2014). Cod is the dominating target species 

in the Western Baltic and this species can be expected to be patchier in distribution than the Nephrops in 

Kattegat. 

 

The difference in the dominating target species of the two areas is also reflected in the subsurface trawling 

intensity map, where it is clearly reflected that the gear-footprint of a Nephrops trawl in Kattegat has a 

substantially higher proportion of subsurface impact than the gear-footprint of a cod trawl in the Western 

Baltic (Eigaard et al., 2016a). 

  

The analysis of footprints per habitat and gear type demonstrated that otter trawling takes place 

extensively in all habitat types. The broad diversity of habitats trawled, ranging from muddy or sandy 

sediments, via coarse and mixed sediments to rock and other hard substrata, is related to the wide range of 

bottom trawls and technology that has evolved over time and allowed fishers to move into formerly 

untrawlable habitats (Valdemarsen, 2001; Rijnsdorp et al., 2008; Eigaard et al., 2014). In contrast, demersal 

seining in the area has a clear preference for sandy habitats, reflecting this gear type’s poorer ability to fish 

on rougher bottom (Eigaard et al., 2016a). 

 

For all gears and habitats metric (i) and metric (ii) provided almost identical footprint estimates, reflecting 

that only a small part of the grid cells are fished at annual intensities less than 1. This means that the 

Western Baltic bottom trawl fishery is very conservative in nature when it comes to choice of fishing 

grounds and tends to fish the same grid cells across years (keeping in mind of course that the analysis only 

covers the period from 2010-2012 and VMS obligation was extended from 2012 onwards to also cover 

vessels larger than 12 meter). 

 

In general the seabed integrity of grid cells was either high (>0.82) or low (<0.18). Areas with intermediate 

seabed integrity were sparse (Figure 5). This dichotomy relates to the trawling intensity profile and the 

longevity distribution of the benthic community. High seabed integrity will be restricted to grid cells with a 

trawling intensity of less than 0.1 year−1, because taxa with a life span of >10 years comprise < 18% of the 

biomass of the benthic community. It is only a narrow range of intensity (0.1–0 .5 year−1) for which SBI 

takes middling/moderate values. Most cells have either high or low trawling intensity and so the SBI is 

either high (>0.82) or low (<0.18), respectively. 

 

It should, however, be highlighted that the seabed integrity estimated in this paper should be considered as 

a first attempt. Due to a lack of benthic community information, the same longevity distribution 

(extrapolated from soft-sediment habitats in the North Sea) was applied to all habitat types in the western 

Baltic and Kattegat. It is very likely that the longevity distribution of the benthic community will differ across 

habitats. Hence, the extrapolated critical trawling intensity from the North Sea (0.1 year−1) will not be 

appropriate for e.g. biogenic habitats, which are characterized by taxa with much longer life spans (Clark et 

al., 2016). On the other hand, in habitats exposed to high natural variations, taxa with relatively short life 

spans may dominate more. Hence, the critical trawling intensity may be refined when information on the 
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longevity distribution of the benthic community becomes available for different habitat types in the Baltic. 

Also the use of trawling intensities with subsurface impact for estimating seabed integrity (based on the 

North Sea soft-sediment community) may alternate with the use of surface intensities (e.g. in habitats 

dominated by emergent fauna) according to improved information of habitat types and community 

composition. 

 

 

The ‘FisheriesImpactTool’  (FIT) Software 

 

FisheriesImpactTool is the tool delivering this assessment and has been developed by the WP3.2 

BalticBOOST project based on the experience acquired during EU-FP7 BENTHIS and ICES Working Group on 

Spatial Fisheries Data (WGSFD 2015). FIT answers requests about the need for guidance on how pressure 

maps of fishing intensity contribute to an assessment of the state of seabed habitats. FIT is first used for 

mapping the fishing surface and subsurface pressure on both the habitats and the fish communities. The 

‘BENTHIS longevity approach’ is further deployed by FIT to relate, in a mechanistic quantitative approach, 

the pressure to meaningful biological response and ecological impact indicators as described during the 

joint ICES WKFBI workshop (ICES, 2016)/BalticBOOST Workshop held in Copenhagen in late June 2016. In 

this approach, the longevity is the habitat-specific key species attribute (biological trait) used as a proxy for 

defining the sensitivity of the habitats and benthic communities under pressure. Information on longevity 

produces the index of seabed impact (SBI) when crossed with the information on the fishing pressure 

(Rijnsdorp et al. 2016).   

The tool workflow (see diagram, Figure 8) is designed to answer the question about how much pressure of 

fishing with mobile bottom-contacting gears affects the benthic habitats and communities (MSFD 

Descriptor 6) and the commercially-important fish and shellfish exploited in the area (in line with MSFD 

Descriptor 3) by quantifying the spatial distribution of the fishing pressure and removals of fish from the 

fisheries. The tool itself is a set of R routines hosted by a specific github repository online 

(https://github.com/frabas/FisheriesImpactTool), and which further offers a way to track the versions of 

the tool when amended (the github platform is an online service for versioning control system). 

 

 

https://github.com/frabas/FisheriesImpactTool
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Figure 8. Conceptual diagram of the Fisheries Impact Tool hosted at 

https://github.com/frabas/FisheriesImpactTool 
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Annex II - Definitions 
The mechanism through which human activities, such as fishing, has an effect on any part of the ecosystem 

is called pressure. The resulting disturbance or stress exerted by the pressure depends on the both 

temporal frequency, spatial extent and intensity of the activity. The effects (or consequences) of a pressure 

on an ecosystem component are defined as its impact. 

To evaluate the effect or impact of a pressure, one needs to take into account the sensitivity of respective 

ecosystem components (i.e. habitats or species) to the disturbance or stress. Sensitivity can be defined as 

the ability of the habitats or species to withstand the pressure (i.e. resistance) and the ability to recover 

from the pressure (i.e. recoverability).  

Resistance characteristics indicate whether a receptor can absorb disturbance or stress without changing 

character. Recoverability (resilience) is the ability of a receptor to recover from disturbance or stress. If 

individuals die, the recoverability depends on the migration of larvae or adults from other areas.  

 


