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Background
Within Theme 3 of the BalticBOOST project a series of test cases were set up early on with the general aim
to groundtruth the linkages between pressures arising from human activities and the environmental status
of seafloor habitats. Test cases were selected based on the availability of data from different areas and
discussed and confirmed during the BalticBOOST Theme 3 WS 1-2016, held in Copenhagen, Denmark, 2-3
June 2016.
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.
The meeting is invited to consider the information provided in this document.
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ICES contribution towards BalticBOOST WP3.1, “a quantitative assessment
of benthic impact from fishing disturbance in the Baltic Sea”
Draft report
The assessment of benthic impact from multiple pressures is often done using expert judgement-based
approaches (e.g. BH3 OSPAR, Baltic Sea Impact Index). These approaches are used to derive qualitative
estimates of the vulnerabilities of benthic habitats and to qualitatively scale pressure-impact relationships
for different pressures. An inherent challenge of the expert-judgement based approaches is to consistently
scale across pressures and habitats, in order to summarize impact scores in space and time. For that reason,
ICES 2016 advice (ICES 2016a, b) recommended mechanistic, quantitative methods to assess impact on
benthic habitats. Although this was advised in relation to disturbance caused by fishing with mobile-bottomcontacting gears (hereafter called bottom fishing), it also stated that such methods can provide a way of
comparing between the effects of pressures other than fishing, and cumulating these pressures for an overall
assessment of the state of seabed habitats.
In this project, we have used one such quantitative method for an assessment of the Baltic Sea in relation to
bottom fishing disturbance (combining surface and subsurface abrasion to a predicted fishing impact). We
use a trait-based approach to assess the vulnerability of the benthic habitat (following the method developed
in Rijnsdorp et al. (2016)). We determine vulnerability for 17 different benthic communities on a Baltic-wide
scale. These communities have been described recently in Gogina et al. (2016). The outcome can be
compared to expert judgement-based approaches, as well as to other types of benthic indicators (requiring
actual monitoring data) that have been and will be developed in HELCOM.

Output
The following output is produced:
1) Estimates of the vulnerabilities of 17 benthic communities on a Baltic-wide scale and their predicted
threshold values to surface and subsurface abrasion (Figure 3).
2) Impact maps of abrasion by bottom fishing (surface, subsurface) and their combined effect across
the Baltic Sea (Figure 4 and Figure 5).
3) Aggregated bottom fishing impact scores per available benthic community (Table 1 and Figure 6).
4) Exploration of the effect of potential management options (Figure 7, Table 2).
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Methodology
Benthic invertebrate community data
Impacts of bottom fishing disturbances to the seabed are assessed for 17 different benthic communities
across the Baltic Sea. These 17 communities have been defined recently by Gogina et al. (2016) using
cluster analysis on species biomass from 2268 sampling locations across the Baltic Sea. In their study, the
spatial distribution of these 17 communities has been extrapolated to cover the Baltic Sea (Gogina et al.
2016 and Figure 1). The extrapolation (using a random forests model) incorporated different environmental
variables; bathymetric data, near-bottom temperature, salinity and flow speed, categorical sediment data
and particulate organic carbon content of the surface sediment.

Figure 1. The distribution of the 17 different benthic
communities in the Baltic Sea as defined by Gogina et
al. (2016) using 2268 sampling stations. Community
18 included all “other” pooled communities.

Benthic biological traits
For each of the sampling locations in Gogina et al. (2016), benthic observations were linked at genus level
to a genera-by-trait matrix that included the traits maximum longevity and vertical position in the seabed.
Both the trait longevity and sediment position were derived from Bolam et al. (2014). Data for benthic
traits are coming mostly from non-Baltic areas and this may have profound effects on the predicted
community longevities (note that the traits have not been re-evaluated by a benthic expert of the Baltic
Sea). Longevity was subdivided into four modalities (less than 1 year, 1-3, 3-10 and more than 10 years) and
sediment position in two (0-6 cm and >6 cm). For each genera-trait combination, a single modality was
assigned a score of 1 when the genus showed total affinity for that particular modality. When the genus
could not be assigned unequivocally to a single trait modality, multiple modalities were assigned fractional
scores that summed to 1 (see Bolam et al. 2014).
Some genera were not identified in the sampling data and traits were defined for these animals at a higher
taxonomic level. Similarly, sampling data identified to species or genera were in many cases unavailable at
a similar taxonomic level in the trait table and data were coupled at a higher taxonomic level. From this
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genera-by-trait matrix (including the higher taxonomic levels), we calculated a table of sampling sites by
biomass-weighted modalities. This was done for each sampling site by multiplying the total biomass per
taxonomic grouping by the score for the trait modality. These were summed by modality to produce a
biomass-weighted trait modality table for all sampling sites.
Estimating vulnerabilities of the benthic communities
The longevity composition was estimated for the 17 different communities. To derive the vulnerability of
the benthic community, the approach needs information on the undisturbed reference state of the benthic
community (Rijnsdorp et al. 2016). An estimation of the reference state of the benthic community (its
biomass composition across longevity classes) was derived using only these stations that were on average
disturbed by the pressure (see pressure layer below) less than once in 20 years; number of sampling
stations used varied between 2 and 794 for the different communities. Note that it is likely that most
undisturbed sampling stations were not in “pristine” condition and this means that the reference state is
based on the “best” condition available for each community. For the relatively undisturbed sampling
stations, the cumulative biomass (Cb) in relation to longevity for each community was fitted using the
following logistic regression model:
Cb ~ intercept + log(longevity) + community + log(longevity)*community + ε1
where longevity is log transformed, community type is a factor and the error term has a binomial
distribution. In the study by Rijnsdorp et al. unpub, a logistic mixed effect model, with random intercept
and slope by station, was used to statistically predict the cumulative biomass. This could not be achieved
with this dataset due to problems with model convergence (possibly due to a high number of
communities).
Besides predictions of the cumulative biomass of the total community, we also predicted vulnerabilities for
two sediment layers separately using the sediment position trait in the biomass weighted trait modality
table. Distinguishing between the two sediment layers helps to determine how much a community is
impacted by a pressure that either only affects the surface of the seabed, or also seabed sub-surface. Some
species are classified with a vertical position that covers both sediment layers (0-6 cm and > 6 cm) and
these were incorporated in the calculation of the upper community layer sensitivity.
Pressure layers
Two pressure layers were used to test the approach on a Baltic wide-scale. These pressure layers are both
related to the effects of bottom fishing disturbance, namely surface and sub-surface bottom fishing
abrasion. Both pressure layers describe the average annual fishing intensity (fraction of swept area over a
grid cell between 2009 and 2013 (Figure 2), either in the surface layer of the seabed or the sub-surface
layer. Since there is an increase in fishing effort observed by VMS, due to the fact that before 2012 only
vessels larger than 15 m had to carry VMS, whereas from 2012 onwards the obligation included all vessels
larger than 12 m, it is likely that the average intensity values are underestimating total fishing intensity.
Still, we assumed that the average abrasion values for both pressures in each grid cell are in a temporal
equilibrium state with the benthic community at these grid cells.
The assessment of impact is only including pressure layers related to bottom fishing disturbance but other
pressure layers, leading to physical loss and damage to the seabed, could be included as long as there is
information on the number of events per year per grid cell.
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Figure 2. Pressure maps of the average annual intensity from mobile bottom-contacting fishing gears (fraction of
swept area over a grid cell) between 2009-2013 for both surface and sub-surface abrasion.

Predicting impact for surface and sub-surface abrasion and their combined effect
The pressure layers are converted into an estimate of both surface and sub-surface impact from fishing
with mobile bottom-contacting gears at the level of the grid cell based on the surface and sub-surface
sensitivity of the benthic community at this grid cell. Impact is predicted by estimating the proportion of
the benthic community that is impacted by the pressure from the proportion of the biomass comprised by
taxa with a life span longer than the average interval between pressure events. As such, impact (for both
pressures) is scored for each grid cell on a continuous scale between 0 (unimpacted) to 1 (community is
100% impacted). It is assumed in the assessment that any bottom fishing intensity below 0.05 results in no
impact in the community, as the community has, on average, 20 years to recover.
Total impact is the sum of both surface and sub-surface impact weighted by the average biomass
proportion of the community in the two sediment layers. The impact scores are mapped and also
aggregated per community type to predict the overall biomass decline due to the pressure for each benthic
community.

Predicting communities’ sensitivity and threshold value to impact
For all 17 different communities (and also for community 18 that includes all “other” pooled communities) data
were available from sampling stations that were undisturbed (at least during the assessment period). These
data were used to calculate the reference condition of both the total community and the two sediment layers
separately (Figure 3). The reference condition varies largely between communities. In some communities,
species biomass comprises many short-living animals (up to 75% of the biomass is from taxa with longevities
less than 5 years, see Figure 3a). These communities are mostly found in the eastern and northern parts of
the Baltic Sea. Other communities consist of many long-living animals; with 10 communities having at least
25% of the biomass in taxa with longevities over 10 years. The longevity compositions varied between the
surface and subsurface layer (compare figure 3b, c), with relatively more short-living animals in the upper
layer.
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Figure 3. Longevity composition (a-c) across community biomass for the 17 different communities (and also for
community 18 that includes all “other” pooled communities), based on all sampling stations that were relatively
undisturbed (average pressure intensity <0.05 per year) for the total community (a), the community at the upper
layer (b) and at the sub-surface layer (c). The curves in (a-c) provide the reference condition for each community
and are used to predict impact from the pressure. Using these curves, impact (i.e. decline in biomass, with no
decline at 0 and 100% decline at 1) can be predicted assuming 100% direct mortality from bottom fishing (d-e). The
map shows the longevity at 75% of total community biomass and corresponds with the 75% line in (a).

Since the approach assumes 100% direct mortality from fishing, impact can be predicted as a function of
fishing using the reciprocal of longevity (Figure 3d-f). This shows the value where fishing intensity will cause
an impact in each community. All values are relatively low (the use of longevity gives a worst-case scenario).
Still, communities differ in the amount of trawling intensity they can withstand before being impacted. One
community is unaffected up to approx. 0.25 times per year and this is because all organisms in this community
are relatively short-living.
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Predicting the effects of bottom fishing disturbance
The reference conditions (Figure 2) can be used to predict impact from both surface and subsurface abrasion.
Impact is calculated for each grid cell and community type from the proportion of biomass comprised by taxa
with a life span longer than the average interval between pressure events. The predicted impacts of surface,
subsurface abrasion from mobile-bottom contacting gears are shown in Figure 4a and b. The total impact is
the sum of both surface and subsurface abrasion impact weighted by the average biomass proportion of the
community in the two sediment layers (Figure 4c and 5). The impact maps show in many cases high impact
in areas that are disturbed by mobile bottom-contacting fishing gears (see Figure 2). Still, the frequency of
bottom fishing disturbance in the middle part of the Baltic Sea is generally lower than the lifespan of the
organisms and hence no impact is predicted (compare figure 2 and 4).

Figure 4. Fishing impact map from mobile-bottom contacting gears for surface (left), sub-surface abrasion (middle)
and their combined effect (right). The latter is the sum of both surface and sub-surface impact weighted by the
average biomass proportion of the community in the two sediment layers. Impact of 1 means full/maximum impact
and impact of 0 means no impact.
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Figure 5. Detailed figure of total fishing impact map (Figure 4c) from mobile-bottom contacting gears. Impact of 1
means full/maximum impact and impact of 0 means no impact.

Total impact is further summarized per community by ordering all grid cells per community type from low to
high impact (see Figure 6 and appendix 1). This provides information of the overall impact per community.
As shown in Figure 6, some communities are limited affected by the pressure (middle and right panel), while
community 3 is predicted to be strongly impacted (left panel).

Figure 6 Summarized impact of bottom fishing pressure for three communities across grid cells (all communities are
shown in appendix 1). Community 3 (left panel) is stronger impacted than community 5 and 13 (middle and right
panel). Communities differ in their spatial coverage (compare number of grid cells).

Information per community type can also be summarized across all grid cells per community type. This is
done in table 1 for 1) total community biomass, 2) surface community biomass, 3) sub-surface community
biomass. Much of the impact shown in Figure 4 affects community 1 and 2. Since these communities are
widespread, overall impact is relatively low. Community 3, 7 and 14 are the most impacted; they consist of
taxa that are long-living, while average bottom fishing intensity is relatively high across the grid cells.
Table 1 shows the predicted impact of mobile-bottom contacting gears for both surface and sub-surface abrasion
using the trait longevity. The bottom fishing intensity columns show the average annual intensity between 2009 and
2013 (for surface and sub-surface abrasion), averaged across all grid cells per community type. The longevity of the
community at 75% of the biomass is similar to the dashed lines in Figure 2b and c.

Community

Total
impact

Surface
impact

Subsurface
impact

Fishing
intensity
(surface)

Fishing
intensity
(subsurface)

Longevity at
75% of
biomass
(surface)

Longevity at
75% of
biomass (subsurface)

1
2
3
4
5
6
7
8
9

0.07
0.15
0.64
0.02
0.15
0.06
0.37
0.01
0.00

0.07
0.17
0.69
0.02
0.15
0.06
0.44
0.02
0.00

0.05
0.10
0.60
NA
0.03
0.04
0.33
0.00
0.00

0.79
0.53
1.33
0.26
0.48
0.09
0.94
0.05
0.00

0.12
0.05
0.14
0.04
0.07
0.05
0.16
0.01
0.00

5.52
9.96
7.4
2.4
5.84
5.36
14.52
5.76
> 20

9.78
> 20
> 20
NA
3.6
8.96
15.06
8.1
> 20
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10
11
12
13
14
15
16
17
18

0.14
0.03
0.00
0.07
0.94
0.20
0.11
0.00
0.17

0.15
0.06
0.00
0.08
0.96
0.21
0.17
0.00
0.18

0.09
0.01
0.00
0.01
0.83
0.19
0.07
0.00
0.13

0.22
0.13
0.01
0.26
3.45
1.25
0.16
0.00
0.59
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0.03
0.01
0.00
0.05
0.67
0.26
0.01
0.00
0.10

> 20
6.34
7.28
6.56
12.56
9.38
> 20
6.96
6.6

> 20
15.1
15.4
3.6
19.38
12.08
> 20
> 20
17.74
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Management options to reduce bottom fishing impact
Management may aim for a reduction in bottom fishing impact and we explored the effects of two potential
management options based on the above results: 1) a spatial limitation of bottom fishing intensity in areas
with communities that are most impacted, or, 2) a modification of the mobile bottom-contacting fishing gears
to exclude all sub-surface fishing activity.
Spatial limitation of bottom fishing intensity
Management may aim for a reduction in fishing impact in the communities that are predicted to be most
affected by bottom fishing intensity, for example, to a total impact value below 0.25 (based on Table 1, first
coloured column). This would mean that on average, across all grid cells, 75% of the benthic taxa, in
community biomass, are undisturbed from fishing during their life. Such a target would need protective
measures in three communities (community 3, 7, 14) that are all located in the western part of the Baltic Sea
(Figure 7)

Figure 7. The three communities that have been predicted to be most affected by bottom fishing impact, showing
their spatial distribution in the Western Baltic Sea (left panel), the total bottom fishing intensity (surface + subsurface) (middle panel) and the area that needs protection to reach an impact value below 0.25 (right panel).

The amount of bottom fishing intensity reduction in order to limit impact to 0.25 will vary between the
communities as they differ in overall impact, longevity composition and bottom fishing intensity. The nonlinearity between impact and bottom fishing intensity gives management the option to protect areas where
bottom fishing intensity is relatively low, while impact can be high. Following this scenario, we calculated for
each community to what extent bottom fishing intensity (sum of surface and sub-surface abrasion) had to be
reduced to limit impact to below 0.25. We did this by first protecting all grid cells that are only incidentally
fished (<0.1 per year) and when this did not result in enough impact reduction, we added grid cells in a
stepwise fashion, increasing bottom fishing intensity, up to a point where impact was below 0.25. In
community 7 all grid cells fished with an average intensity equal or less than 0.95 have to be protected to get
an impact score below 0.25. For community 3, this is a bottom fishing intensity of 2.1 times per year, while
this is 5.6 times per year for community 14. The consequences of these protective measures are shown in
Figure 7c.
Modification of the mobile bottom-contacting fishing gears to exclude all sub-surface abrasion
Management may also aim for modifications of the mobile bottom-contacting fishing gears to exclude all
sub-surface abrasion activity. Since we have separately assessed impact from surface and sub-surface
abrasion, we can also examine how such an exclusion of sub-surface abrasion will change impact (Table 3).
Impact is largely reduced in community 3 as a large fraction of the community is positioned below 6 cm in
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the seabed. Impact is still high in community 14; only a minor part of the community biomass (15%) has a
vertical position in the seabed below 6 cm (Table 2).
Table 2. Prediction of impact for the 17 different communities (and also for community 18 that includes all “other”
pooled communities) when bottom fishing sub-surface abrasion is excluded. The “Total impact” column is similar as
in table 1.

0.07
0.15
0.64
0.02
0.15
0.06

Impact (excl.
sub-surface
abrasion)
0.07
0.12
0.29
0.02
0.15
0.05

Fraction of
community biomass
> 6 cm in seabed
0.02
0.29
0.59
0.00
0.01
0.20

7
8
9
10
11
12

0.37
0.01
0.00
0.14
0.03
0.00

0.16
0.01
0.00
0.11
0.02
0.00

0.65
0.49
0.01
0.24
0.69
0.44

13
14
15
16
17
18

0.07
0.94
0.20
0.11
0.00
0.17

0.07
0.82
0.14
0.06
0.00
0.14

0.10
0.15
0.30
0.63
0.29
0.20

Community

Total
impact

1
2
3
4
5
6
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Discussion
Impact assessment of mobile-bottom contacting gears, a worst-case scenario
The approach adopted in this document implicitly assumed that the disturbance by mobile-bottom
contacting gears affected 100% of benthic organisms, while the impact of these gears depended on the
maximum longevity of animals in the community. This choice is conservative, because many benthic animals
will be able to sustain trawling intervals below their maximum longevity, although at reduced levels of
biomass. Still, compared to the previous analysis by Rijnsdorp et al. (2016), we estimated impact for only that
part of the community that is likely to be affected by the bottom fishing pressure. This was done using the
species trait “vertical position in the seabed” (derived from Bolam et al. 2014). We assumed that surface
fishing abrasion is only affecting the upper part of the benthic community (0-6 cm), while sub-surface activity
will have an impact on the benthic community that is living deeper in the sediment (> 6 cm). As shown in
figure 3b and 3c, the longevity compositions varied between the surface and subsurface community layers,
with relatively more short-living animals in the upper layer. This means that the upper layer of the benthic
community can withstand higher trawling intensities before it is impacted (figure 3e and 3f). It also means
that in areas without any sub-surface abrasion, impact (in terms of decline in species biomass) will never
become higher than that part of the community that is living in the upper layers of the sediment.
Dependent on the definition of a healthy status of a benthic population and/or community, it can be argued
that it is not species maximum longevity that determines vulnerability, but species age at maturation. The
trait age at maturation can be used in a similar way as maximum longevity, but differs as impact will then be
defined when a species is disturbed before it is able to reproduce. Generally, benthic species reach their age
at maturity 2-4 earlier than their maximum longevity and this directly implies that benthic communities will
be able to withstand bottom fishing intensities that are up to 2-4 times higher.
Alternatively, the assessment can be improved by quantifying direct mortality rates for different groups of
species across habitats (instead of assuming 100% direct mortality). Such a meta-analysis has been done for
bottom trawling disturbance (Collie et al. 2000; Kaiser et al. 2002) and these estimates can possibly be
adopted for an assessment of bottom trawl fishing in the Baltic Sea (by lowering direct mortality estimates
for different habitat types in the Baltic Sea). Another way to incorporate variation in direct mortality rates
across habitats is by statistically predicting the longevity composition of a benthic community as a function
of its environmental conditions and bottom fishing intensity. Such an analysis is currently done in the North
Sea (Rijnsdorp et al. unpub), but requires high quality sampling data and “clear” trawling gradients across
habitats.
Linking physical pressures that damage the seabed differently
Physical pressures disturbing the seabed (such as mobile-bottom contacting gears, dredging or sediment
extraction) may differ in their direct effect. In the report, we assumed that both surface and sub-surface
fishing activity with mobile bottom-contacting gears caused 100% mortality on the benthic invertebrate
community, while the vulnerability of the benthic habitat was only dependent on its recovery time. However,
bottom fishing disturbance does not cause 100% direct mortality of the benthic community and this means
that the assessment of impact overestimates the effects. Other types of disturbance, such as sealing of
sediment or sediment extraction are potentially more severe in their direct effects and the assumption of
100% mortality could be more realistic.
There are different ways to scale the impact of physical pressures to the benthic community. Ideally, this can
be done using a meta-analysis of experimental studies that compare the different physical pressures across
habitats and communities. This will lead to estimates of impact across pressures that can be used to
parameterize the assessment model (e.g. pressure X is causing 90% direct mortality, pressure Y 10%).
Although such a meta-analysis has been done for bottom trawling disturbance (Collie et al. 2000; Kaiser et
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al. 2002), other types of pressures are less well studied and this makes it hard to quantify the direct mortality
of these pressures. If a quantification of the direct effects of different pressures is available, it can be adopted
in the approach described in this document (by lowering the direct mortality).
An alternative approach is to assume 100% mortality but only for that part of the community that is affected
by a pressure. Such an approach has been used in this study to distinguish between surface and sub-surface
abrasion from mobile bottom-contacting gears. Other pressures that cause physical damage to the seabed
can be coupled in a similar way (as long as there is information on the number of events per year per grid
cell). For example, it may be assumed that sediment deposition will cause mortality to epifaunal organisms,
while species that can easily burrow through the new sediment layers are likely to survive such an event.
Although this approach still requires information on how the pressure affects the community, it may provide
biologically meaningful predictions of impact without having the need to quantify the direct effects for each
particular pressure (see Table 3 for different types of pressures). Less severe pressures are harder to
incorporate and for these pressures information is needed to quantify their effect. This also includes all
pressures that cause only non-lethal effects (non-lethal effects, such as siltation, have still an energetic cost
to individuals and this cost can be used to predict the reduction in biomass of the community).
Table 3. Overview of different physical pressures that have severe effects on benthic communities. The species traits
in the right column can be used to select only that part of the community that is affected by the pressure.
Pressure

Pressure has an effect on:

Bottom fishing (surface abrasion)
Bottom fishing (sub-surface abrasion)
Sealing of sediment
Sediment extraction
Sediment deposition

Epifaunal and top-layer of infauna
Infaunal community
Whole + no recovery
Whole community
Epifaunal layer (and immobile infauna)
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Species trait(s) to separate the
community
Vertical position in the sediment
Vertical position in the sediment
Vertical position in the sediment,
mobility
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Appendix 1. Summarizing impact per community
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