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1.  INTRODUCTION

The state of seabed habitats, and how benthic
com munities are affected by the physical disturbance
caused by mobile bottom-fishing gears, can be
asses sed using well-established quantitative meth-
ods (Hiddink et al. 2017, Pitcher et al. 2017, Sciber-
ras et al. 2018, Rijnsdorp et al. 2020). These are
based on a simple equation for relative benthic
status that includes parameters for the instantaneous
effect caused by the passing of the gear, termed de -

pletion, and recovery over the longer term. Ecosys-
tem-based fisheries management now also requires
an assessment of the state of seabed habitats in
terms of their typical species composition, the abun-
dance of particularly sensitive or fragile species or
their functioning. At present, there is no consensus
on how these different aspects of the benthic com-
munity are affected by fishing-induced physical dis-
turbance in terms of both the depletion and the
recovery processes, thereby hampering support to
management decisions.

© Inter-Research 2021 · www.int-res.com

*Corresponding author: olivier.beauchard@nioz.nl

A generic approach to develop a trait-based
 indicator of trawling-induced disturbance

Olivier Beauchard1,2,*, Anik Brind’Amour3, Michaela Schratzberger4, 
Pascal Laffargue3, Niels T. Hintzen5, Paul J. Somerfield6, Gerjan Piet5

1Netherlands Institute for Sea Research and Utrecht University, Department of Estuarine and Delta Systems, Korringaweg 7,
PO Box 140, Yerseke 4401 NT, the Netherlands

2Ecosystem Management Research Group, University of Antwerp, Universiteitsplein 1, 2610 Wilrijk, Belgium
3IFREMER, Unité Ecologie et Modèles pour l’Halieutique, rue de l’Ile d’Yeu, BP 21105, 44311 Nantes Cedex 3, France

4Centre for Environment, Fisheries and Aquaculture Science, Lowestoft Laboratory, Pakefield Road, Lowestoft NR33 0HT, UK
5Wageningen Marine Research, Wageningen UR, IJmuiden 1970 AB, the Netherlands

6Plymouth Marine Laboratory, Prospect Place, Plymouth PL1 3DH, UK

ABSTRACT: Biological trait analysis has become a popular tool to infer the vulnerability of ben-
thic species to trawling-induced disturbance. Approaches using multiple traits are being devel-
oped, but their generic relevance across faunal components and geographic locations remains
poorly tested, and the importance of confounding effects are poorly recognised. This study inte-
grates biological traits of benthic species that are responsive to instantaneous effects of trawling
(i.e. sensitivity) and traits expressing recoverability over the longer term (i.e. years). We highlight
the functional independence between these 2 components in response to trawling, test the behav-
iours of single and combined traits and account for potential confounding effects of environment
and trawling intensity on benthic communities through variation partitioning. Two case studies
are considered: epibenthos from the Bay of Biscay and endobenthos of the Dutch sector of the
North Sea. The response to trawling is most pronounced when multiple traits covering different
aspects that determine population dynamics (i.e. sensitivity and recoverability) are combined,
despite confounding effects between gradients of benthic production and trawling intensity, espe-
cially for endobenthos. The integration of traits reflecting both sensitivity and recoverability pro-
vides complementary information on the faunal response to trawling, bridging the gap between
fishing impact assessments and benthic community status assessments.

KEY WORDS:  Benthic macroinvertebrate · Bottom trawling · Natural history · Biological trait ·
Composite indicator · Time scale · Confounding effect

Resale or republication not permitted without written consent of the publisher

§Corrections were made after publication. For details see
www.int-res. com/abstracts/meps/v675/c_p35-52/
This corrected version: October 5, 2021

https://crossmark.crossref.org/dialog/?doi=10.3354/meps13840&amp;domain=pdf&amp;date_stamp=2021-10-05
https://www.int-res.com/abstracts/meps/v675/c_p35-52/


Mar Ecol Prog Ser 675: 35–52, 2021

Assessing the status of benthic communities does
not generally take into account differences in life
history characteristics that may affect organism re -
sponses to, and capacity of populations to recover
from, changing environments (Tyler-Walters et al.
2009). Depletion and recovery rates following physi-
cal disturbance tend to be estimated for whole ben-
thic communities in generic habitats (Kaiser et al.
2006, Sciberras et al. 2018) which may not be repre-
sentative of specific aspects of the benthic commu-
nity occurring in a local habitat. Consequently, the
use of trait information to infer the vulnerability of
species to disturbance by proxy is increasingly being
explored as a complementary approach (Beauchard
et al. 2017).

Tyler-Walters et al. (2009) introduced the concepts
of species’ ‘intolerance’ and ‘recoverability’ to trawl-
ing disturbance, subsequently developed further by
Bolam et al. (2014) as ‘instantaneous sensitivity’ and
‘long-term sensitivity’. Here, we expand such ap -
proaches, using the term ‘sensitivity’ to indicate the
extent to which a species is likely to be affected by
the passage of a trawl, and ‘recoverability’ to indicate
the capacity of a population to recover from the dis-
turbance and the timescale over which recovery will
occur. Recent studies have considered the use of
multiple traits for assessing the sensitivity of marine
benthos to bottom trawling using composite indica-
tors based on scored trait modalities (de Juan &
Demestre 2012, Bolam et al. 2014, Foveau et al. 2017,
González-Irusta et al. 2018, Mérillet et al. 2018, Hinz
et al. 2021). The general relevance of using func-
tional traits in such a framework was confirmed in a
study on the vulnerability of demersal fish assem-
blages to trawling, where the combination of catcha-
bility and resistance represented sensitivity while
resilience represented recoverability (de Juan et al.
2020).

Scientific consensus exists on the mechanisms
underlying the response of benthic communities to
physical disturbance (hereafter ‘trawling’) on the sea
floor (International Council for the Exploration of the
Sea 2017a, Pitcher et al. 2017, Rijnsdorp et al. 2018).
Organism densities can decline following the pas-
sage of a trawl, as a result of death or removal of the
affected fauna (i.e. depletion). Recovery may take
place after this initial effect, potentially until the
community returns to its untrawled state. The latter
depends on the intrinsic rate of natural increase of
the species. Whether full recovery occurs or, if not,
what alternative equilibrium the community may
reach, depends on the magnitude and frequency of
trawling, as well as the recovery potential of the com-

munity. If trawling is sufficiently frequent, communi-
ties may not have time to recover entirely between
trawling events, leading to longer-term shifts in com-
munity composition with increased dominance of
less sensitive species and lower densities or extirpa-
tion of the more vulnerable species.

There is a simple trade-off between recoverability
and vulnerability. Species with high intrinsic rate of
natural increase are generally considered to have
higher potential to recover to pre-disturbance densi-
ties, and consequently to be less vulnerable. The in -
trinsic rate of natural increase results from a combi-
nation of growth and reproductive traits that favour
population expansion. However, other traits that are
not directly related to population growth are also rel-
evant to sensitivity and recovery. The importance of
these traits may manifest at different spatio-temporal
scales. For example, a trait related to sensitivity such
as an armoured body may provide some defence
from the immediate physical effects of a trawl, but
only if the trawl makes contact with an individual
directly. In addition to processes within the footprint
of the trawl, such as growth of surviving fauna, re -
covery may also be influenced by traits reflecting
larger-scale factors such as the ability of an organism
to recruit and recolonise, or to actively migrate into
the trawled area. These processes may be deter-
mined by the densities of adult organisms in adjacent
(in case of mobility) or more distant (through larval
transport) areas. It follows that species with low
recovery potential may not be sensitive to distur-
bance, for example slow-growing species which are
deep burrowers (Bergman & van Santbrink 2000).
Conversely, species with high recoverability may be
sensitive if disturbance exceeds a frequency at which
they are depleted, for example fragile epibenthic
organisms such as Bryozoa including Flustra foliacea
(Bitschofsky et al. 2011).

Usually, studies either focus on a single trait (i.e.
longevity, Rijnsdorp et al. 2020) or combine several
traits to explain the response of the benthic com -
munity to trawling. Such approaches, however, only
cover part of the recovery aspect in case of a single
trait and ignore entirely the depletion aspect in all
cases. As part of a more comprehensive and generic
approach, we used biological traits representing the
instantaneous effect of the passage of a trawl, i.e.
sensitivity, and traits representing the longer-term
recoverability. We applied these to endobenthos
from the Dutch sector of the North Sea and epiben-
thos from the Bay of Biscay. We hypothesized as fol-
lows: (1) traits reflecting the sensitivity and recovery
of a benthic community to trawling are independent
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and provide complementary information on the com-
munity’s vulnerability; (2) combined traits are more
responsive to trawling than individual traits.

To test H1, we defined a series of benthic commu-
nity traits related to sensitivity and recoverability,
and analysed the relationships between these traits
to explore the degree of independence between the
2 components. Based on the 2 case studies, we tested
H2 by analysing relationships between field organ-
ism density data weighted by those traits, and data
on trawling intensity; these relationships were ex -
pected to be negative. Importantly, while doing this,
we corrected for the potentially confounding effects
of environmental variation on these relationships.
Although this work is intended to provide informa-
tion to support the development of a generic indica-
tor accounting for the interdependence of sensitivity
and recovery, we propose a specific version adapted
to areas with long histories of fishing exploitation.

2.  MATERIALS AND METHODS

2.1.  Biological traits

Different biological traits from larval, juvenile and
adult stages determine population vulnerability to
trawling. Some traits are relevant to the instantaneous
ef fect of the passage of a trawl (‘sensitivity’), while
 entirely different traits may represent the capacity of
 organisms and their populations to recover from
trawling (‘recoverability’).

2.1.1.  Sensitivity

Some species are fragile and easily damaged,
while others are more robust. A buried organism is
less likely to be exposed to trawling than an epiben-
thic one, with a greater chance of survival as its bur-
rowing depth increases. Direct exposure to trawling
can be mitigated by body size. Smaller species are
generally less sensitive than larger-bodied taxa, as
the former can escape through a net more easily if
captured (Bolam et al. 2014, González-Irusta et al.
2018). The sensitivity (SE) component of a benthic
assemblage can therefore be expected to be a func-
tion of standardised body fragility, burrowing depth
and body length. In previous and similar works, com-
posite indicators were built by adding trait scores. In
this context, multiplicative aggregation is preferable
due to (possibly irrelevant) compensatory effects of
additive aggregation (Gan et al. 2017). For instance,

a small body length (low sensitivity) buffers the high
sensitivity of epibenthic living mode: the low sensi-
tivity score of the former penalizes the high sensitiv-
ity score of the latter, more by multiplication than
addition (e.g. 1 × 3 < 1 + 3); such scores are presented
in more detail in Section 2.2 (see also Table 1). With
this in mind, SE is defined here as:

SE = FR × BD × BL (1)

where FR is fragility, BD is burrowing depth, and BL
is body length.

2.1.2.  Recoverability

Mobile species are likely to recolonise a trawled
area by migrating more quickly than less mobile
 species, so recoverability is likely to be a function of
motility (MO). Recoverability also depends on re cruit -
ment from larval settlement and subsequent growth
to the adult stage. Late-maturing, slow-growing or
poorly-recruiting species will all have low recover-
ability (MacDonald et al. 1996). Life span (LS), as used
in the ‘longevity approach’ of Rijnsdorp et al. (2018),
and age at maturity (AM) are traits of critical impor-
tance. Some species require a long time to achieve
minimal reproductive success, including those with
the naturally high juvenile mortality that is often
driven by stochastic environmental conditions (Kinds-
vater et al. 2016). 

LS is expected to respond negatively to trawling in-
tensity in habitats dominated by species that live for
years or even decades (Rijnsdorp et al. 2020), as are
often encountered in rarely disturbed benthic habitats
(e.g. coral reefs). However, in areas where the sea -
floor has been intensively trawled for more than a
century, such as the European continental shelves,
the individual and biomass densities of long-lived or-
ganisms may be too low to detect significant trawling
effects. In such areas, and especially under high
trawling frequencies, AM expresses a more relevant
critical aspect of the life cycle, namely the chance of
achieving at least one reproduction before being
killed by a trawl, especially if reproductive life span
(RLS = LS − AM), for the same AM, is reduced com-
pared to truly long-lived species. In general, AM is
correlated with LS (Charnov 1993), and AM may ac-
count for a potential LS-effect. However, this relation-
ship is not perfect when considering several phyla or
limited spatial biogeographic extent. The AM/RLS ra-
tio emphasises the critical time necessary to reach ma-
turity and achieve reproductive success over a shorter
RLS. For the same AM, very long-lived species, as-
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sumed to be largely depleted in intensively trawled
areas, perform less successfully. However, the simple
AM/RLS ratio can take the same value for species
with different AM and RLS, so a species maturing at
1 yr of age and dying after 2 yr is assigned the same
value as another species maturing at 2 yr and dying
after 4 yr. To counteract this, the ratio can be multi-
plied by AM to introduce an appropriate penalty for
RLS in long-lived species with late AM. We call the
resultant term relative maturity (RM), with 1 added to
RLS to deal with cases where LS = AM (semelparity,
in which case RLS = 0), both measured in years:

(2)

These age-related aspects are of paramount im -
portance in life history strategies of organisms (Char -
nov 1993), but some independent traits relevant to
reproduction and offspring may be complementary.
In the marine benthos, offspring can be re leased by
parents at different developmental stages, depend-
ing on the species, with different chances of sur-
vival before settling as juveniles. Broadcasted eggs
in the water column are more vulnerable to plank-
totrophy than brooded larvae, and both are more
vulnerable than juveniles released as ‘miniature
adults’ after internal incubation (Giangrande et al.
1994, Pechenik 1999). Large eggs have a shorter
critical pelagic phase, because of faster develop-
ment, than smaller ones (Giangrande et al. 1994,
Gian grande 1997). The potential for recovery (RE)
of the benthic community will therefore be a func-
tion of motility (MO), offspring type (OT) and off-
spring size (OS) as well as RM. Generally, OS is
negatively correlated with fecundity due to the
constraints of energetic allocation (Kindsvater et al.
2016), whereas OT can be independent of fecundity
(e.g. many bivalves broadcast millions of eggs, and
some crabs brood millions of larvae). Hence, RE
includes many relevant aspects of species’ life his-
tories, and is defined here as:

RE = RM × MO × OT × OS (3)

2.1.3.  Vulnerability

Finally, we defined vulnerability by combining SE
and RE by addition and multiplication (SE + RE and
SE × RE, respectively). Although we preferred mul-
tiplicative aggregation within the SE and RE com-
ponents, we expected some independence between
SE and RE, so that the 2 components could addi-

tively compensate each other without synergy (Gan
et al. 2017). Hence, both additive and multiplicative
variants of the combined components were calcu-
lated to compare their distributions and associated
variations.

We tested H1 on the fauna from 2 case studies
for which we compiled the described traits from
the literature (Section 2.2). Then, prior to testing
H2, we compared SE and RE distributions to assess
their degree of variation, especially between the
additive and multiplicative variants of vulnerability.
As part of testing H2, for each case study, the taxa
× traits matrix (including individual traits, trait
combinations, SE, RE and vulnerability) was com-
bined with survey data to examine relationships
between trait-weighted organism densities and
trawling intensity.

2.2.  Trait data

Trait data were sought for all taxa found in the 2
case studies (see Table S1.1 in Supplement 1 at
www. int-res. com/ articles/ suppl/ m675 p035 _ supp.
pdf), mostly at the species and genus level. Trait
information was obtained from peer-reviewed arti-
cles (n = 466), with additional books and book chap-
ters (27), academic theses (25) and documents from
the grey literature (14). Online data bases (7) were
used when source information was not accessible.
Trait information for the Bay of Biscay was comple-
mented using the MERP Trait Explorer (Marine
Ecosystem Re search Programme 2021). In some
cases, in absence of information at the species level,
information of species from the same genus was
used. For the Dutch exclusive economic zone (EEZ),
we were able to obtain functional trait information
for species that accounted for 94 and 85% of indi-
vidual and biomass densities, respectively. For the
Bay of Biscay, these percentages reached 87 and
95% respectively, after removing highly mobile
species (fish and large cephalopods). Traits of 330
taxa in total were documented, 195 from the Dutch
EEZ and 148 from the Bay of Biscay. Only 13 taxa
were common to both case studies. Functionally,
there were 217 unique trait combinations, 146 for
the Dutch EEZ and 92 for the Bay of Biscay, with 21
trait combinations in common.

Most traits had ordinal modalities. These were
ranked according to their responsiveness to trawling
in such a way that all responses to trawling were
expected to be negative. No a priori weights could be
attributed to the traits, so they were considered to be

RM
AM

RLS 1
AM=

+
×
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of equal importance and simply standardised to
range between 0 and 1. Traits, their modalities and
scores are shown in Table 1.

2.3.  Benthic survey data

The responsiveness to trawling intensity of individ-
ual traits, and SE and RE components separately and
in different (additive and multiplicative) combina-
tions, were tested using benthic data from 2 case
studies: endobenthos from the Dutch EEZ and mega-
epibenthos from the Bay of Biscay, sampled using box
corer and trawl, respectively (Fig. 1). The trawl pro-
portionally samples larger organisms and more effi-
ciently epibenthic and dispersed species. Hence, dif-
ferences in functional attributes of the 2 faunas were
expected given the contrasting sampling techniques.

2.3.1.  Dutch EEZ

The study area spreads from 2.68° and 6.60° E in
longitude and from 51.30° and 55.50° N in latitude.
Its bottom, from shallow to deeper areas (50 m), is
mostly sandy with local mud patches, especially in
the deep northern part (Oyster Ground), charac-
terised by much lower tidal velocities than in the
south. Stations (n = 79) (Fig. 1a), excluding coastal
stations heavily impacted by shrimp trawling, were
sampled annually from 1995 to 2010, and then in
2012 and 2015. Sediment was sampled with a box
corer (1 core per station, 0.08 m2, 15 cm deep), and
macrozoobenthos was separated using a 1 mm mesh.
Detailed information on the sampling procedure was
provided by Daan & Mulder (2009). The resultant
dataset consists of biomass (ash-free dry weight) and
number of individual organisms. Associated abiotic
variables were particulate organic matter and carbon
(measured from field samples), means of monthly
median bottom current speed (m s−1) and bottom
wave energy (Pa) (modelled from Deltares Institute,
Delft, The Netherlands), depth (European Monitor-
ing Observatory and Data Network; EMODnet
Bathymetry Consortium 2018) and primary produc-
tivity (mg C m2 d−1, modelled from Baretta et al. 1995).

2.3.2.  Bay of Biscay

The study area ranges between the edge of the
shelf in the west (8° W) and the coast in the east
(1.5° W), and between 43.7° N at the northern margin
of Gulf of Cap Breton in the south and 48.8° N in the
north (Fig. 1b). The slope of the shelf is generally
gentle (around 0.5%), and the bottom is dominated
by unconsolidated sediments composed mainly of
sand and muddy sand, except in a large area in the
north and on the continental slope where mud domi-
nates. A total of 523 stations were considered (65 sta-
tions on average each year), covering mainly the
soft-bottom habitats of the continental shelf (50−200
m), including some stations on the upper slope
(200−735 m). In the ongoing French Groundfish Sur-
vey in the Celtic Sea and Bay of Biscay (Mahe & Laf-
fargue 1987), a 36/47 Grande Ouverture Verticale
trawl is used, with a 20 mm mesh cod-end liner, to
sample benthic assemblages. Each haul lasts for
approximately 30 min (sampled surface area of about
70 000 m2). To be consistent with available fishing
pressure data, we used epibenthic macroinverte-
brate data (wet biomass and number of individuals)
covering the period from 2009 to 2016. We also
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Trait                        Modality            Raw      Standardised 
                                                         score            score
                                                                                   
Sensitivity
Fragility                   Robust                 1                 0.00
                           Intermediate            2                 0.50
                                Fragile                3                 1.00
Burrowing                 >15                   1                 0.00

depth (cm)               5−15                  2                 0.33
                                   0−5                   3                 0.67
                                     0                     4                 1.00
Body length                <1                    1                 0.00

(cm)                          1−3                   2                 0.25
                                  3−10                  3                 0.50
                                 10−20                 4                 0.75
                                   >20                   5                 1.00

Recoverability
Age at maturity          <1                    1                 0.00

(yr)                            1−3                   2                 0.50
                                    >3                    3                 1.00
Life span                     <1                    1                 0.00

(yr)                            1−3                   2                 0.33
                                  3−10                  3                 0.67
                                   >10                   4                 1.00
Motility          Crawler−swimmer       1                 0.00
                               Crawler                2                 0.33
                             Tubicolous             3                 0.67
                                 Sessile                 4                 1.00
Offspring               Juvenile               1                 0.00

type                         Larva                  2                 0.50
                                   Egg                   3                 1.00
Offspring                 >1500                 1                 0.00

size (μm)              500−1500              2                 0.33
                               100−500               3                 0.67
                                  <100                  4                 1.00

Table 1. Traits and their modalities. Scores express the rel-
ative degree of responsiveness of each trait to physical 

disturbance
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selected data deeper than 50 m to reduce the bias
due to incomplete effort data for fishing vessels
smaller than 12 m long that mainly operate in the
shallower areas. Associated abiotic variables include
mean annual bottom temperature, mean bottom
salinity and the bottom current speed, obtained from
the outputs of the MARS 3D model (Lazure & Dumas
2008), sediment characteristics derived from discrete
sediment categories (Bouysse et al. 1986, SHOM
2014) and depth recorded during the surveys (Mahe
& Laffargue 1987).

2.4.  Trawling intensity

In the Dutch EEZ, a large part of the fishery that
geographically takes place in the southern North Sea
are beam trawls with gear width of 24 m and pene-
tration depths >2 cm for a large part of the gear (see
Rijnsdorp et al. 2020 and Hintzen et al. 2021 for more
details). Shrimp trawls are common all along the
Dutch, German and Danish coastlines with a gear of
9 m on either side. Penetration depth in the sediment
is generally shallow due to the light gear used. Com-
mercial fisheries in the Bay of Biscay target various
stocks in different ways. Bottom trawlers account
for nearly 29% of the fleet (slightly more than 400

vessels). These vessels have an average size of about
15 m and target demersal and benthic species, using
mainly bottom otter trawls with a width of about 50 to
100 m between the trawl doors, depending on the
size or power of the vessels. A proportion of vessels
also use twin trawls for Nephrops norvegicus, espe-
cially in the northern part. Gear penetration depth is
difficult to evaluate due to their disparity.

This study covers the period 2010−2015 for the
Dutch EEZ, and the period 2009−2016 for the Bay of
Biscay. To estimate fishing pressure, vessel monitor-
ing system (VMS) data in combination with logbook
data were used to estimate the surface area fished
between consecutive to relate VMS pings to a spe-
cific fishing gear and specific fishing practice (speed-
based rule, Eigaard et al. 2016). The logbooks fur-
thermore provide information on gear width or vessel
power that were used to estimate gear width for otter
trawls and flyshoot. Fishing effort was quantified as
the sum of the area covered by a fishing gear over
1 yr divided by a 0.05° × 0.05° grid cell. This swept
area ratio (SAR) was calculated for the year preced-
ing the sampling date in both case studies. In the
North Sea study area, trawling intensity was com-
puted according to van Denderen et al. (2015). For
the Bay of Biscay, we utilized the surface abrasion
dataset computed from the International Council for
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the Exploration of the Sea (2017b) and the publicly
available OSPAR database (Convention for the Pro-
tection of the Marine Environment of the North-East
Atlantic 2017).

2.5.  Data analyses

To test H1, we investigated the relationships be -
tween traits and SE and RE components across taxa,
using centred principal component analysis (PCA) of
the species × standardised traits matrices from the 2
case studies. The use of traits independently of field
data ensured equal weights for vulnerable and resil-
ient or resistant taxa to reflect an ideal non-disturbed
pattern. Complementarily, we analysed the distri -
butions of the synthetic SE, RE and vulnerability
(SE + RE and SE × RE) traits that could account for
specific benthic signatures such as skewness or mul-
timodality.

To test H2, for each case study, traits were com-
bined with survey data by aggregating organism
densities per station and per trait to generate sam-
pling-stations × response variables matrices (commu-
nity weighted mean, CWM; for a community, sum of
products between taxon densities and taxon trait
scores; Kleyer et al. 2012). Prior to calculating CWM,
all individual and combined traits within SE and RE
were computed in each taxa × standardised traits
matrix, generating 26 response variables, as well as
the SE + RE and SE × RE variables.

Six different types of organism densities were in -
corporated into stations × taxa matrices: biomass m−2,
number of individuals m−2 and number of taxa m−2 as
absolute values and also as relative values calculated
by dividing absolute values by sample totals. The
testing of several types of faunal data in the commu-
nity matrices accounts for the fact that different types
of data may be more relevant in different compo-
nents of the benthos (macrobenthos or megabenthos)
sampled using different gears and protocols. Analy-
ses based on different types of data may also inform
on different processes within the community. For
instance, species biomass provides a more direct
measure of resource use than abundance, as energy
flow is known to vary with biomass (Valiela 2015).
However, absolute densities generally reflect faunal
responses along gradients of production, and not
necessarily specific functional aspects independent
of production. For instance, the use of relative densi-
ties is relevant to conservation purposes when func-
tional aspects are given priority over total abun-
dance. Thus, a habitat may be considered vulnerable

if it is dominated by vulnerable taxa regardless of
their total abundance.

Then, in order to compare the relative effects of
abiotic variables and trawling intensity on the CWM
traits, we decomposed the variance of each response
variable, accounting for the effects of environmental
variables and trawling intensity using variation parti-
tioning (Legendre & Legendre 2012). In general,
benthic communities are not randomly distributed,
and environmental conditions that may benefit or
exclude some species may also benefit fishing (e.g.
benthic primary productivity; Hintzen et al. 2021). As
a consequence, a significant indicator response to
trawling can be a spurious effect if an environmental
variable is also correlated with the response and is
the true explanation of the variation (i.e. a confound-
ing effect). Therefore, to capture the pure trawling
ef fect, response variation to trawling intensity was
ana lysed by partial correlation, after removing the
variance of environmental variables common to re -
sponse and trawling intensity variables. Variation
partitioning proceeds linearly and variables were
therefore ln-transformed prior to analysis. For a de -
tailed explanation of the procedure, see an example
from the analyses in Supplement 2. Fig. 2 sum-
marises our analytical approach.

Analyses were done with R 4.0.3 (R Core Team
2020); PCA with the package ‘ade4’ (Chessel et al.
2004), and variation partitioning with the package
‘vegan’ (Oksanen et al. 2010).

3.  RESULTS

3.1.  Functional aspects of the studied faunas

Despite differences in geography and sampling
methods, the distributions of trait modalities were
broadly similar between the 2 faunas (Fig. S3.1 in
Supplement 3). As expected, higher proportions of
taxa >3 cm body length with shallower burrowing
ability were found in the trawls from the Bay of Bis-
cay. To a lesser extent, higher proportions of robust
taxa and taxa with larvae of large size were also
more characteristic of the Bay of Biscay. Species with
short life spans (<1 yr) and dispersing as juveniles
were more prevalent in the Dutch EEZ endobenthos.

3.2.  Trait relationships

PCA ordinations (Fig. 3) display the relationships
be tween traits for each of the 2 faunas. In both case
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studies, all recoverability traits covaried positively
along the first axis. Adult traits (life span and age
at maturity) diverged together from the combination
of offspring traits (type and size), motility keeping
an intermediate position. In contrast, sensitivity
traits, more expressed along the second axis, were

less co variant. Except for body length, traits were
more correlated within than between sensitivity
and recovery components; correlation matrices are
provided in Table S5.1 in Supplement 5. Sensitivity
and recoverability components were globally inde-
pendent as displayed by their orthogonality (Dutch
EEZ, r = 0.02, p = 0.768; Bay of Biscay, r = 0.13, p =
0.102). Both variables, projected as passive ele-
ments, showed similar norms (vector length), indi-
cating that they contributed similarly to biological
variations be tween taxa. This functional independ-
ence between sensitivity and recoverability sug-
gests that both components could provide comple-
mentary information about short- and longer-term
responses to trawling. Therefore, our first hypothe-
sis was supported.

3.3.  Synthetic trait distributions

The density distributions of sensitivity and recov-
erability components are shown in Fig. 4, indicating
low proportions of sensitive and slow-to-recover
taxa in both faunas. Individually, sensitivity and
recoverability components of both communities
were distributed similarly (Fig. 4a,b). Differences
were observed between the 2 variants of vulnerabil-
ity (SE + RE and SE × RE), both indicating slightly
higher proportions of vulnerable taxa in the Bay of
Biscay (Fig. 4c,d).

Fragile epibenthic species, including pennatula -
ceans (e.g. Funiculina quadrangularis, Pteroeides
gri seum), Alcyonium spp., Hymenodiscus coronata
and crinoids (Antedon sp. and Leptometra celtica),
were the most sensitive species encountered in the
Bay of Biscay. Similarly, fragile species including
shallow burrowers Acrocnida brachiata, Amphiura
fili formis, Eupolymnia nebulosa, Phaxas pellucidus,
Poeci lo chae tus serpens, Psammechinus miliaris,
Ophi ura sp. and Spiophanes bombyx were among
the most sen sitive taxa in the Dutch EEZ. Conversely,
least sensitive taxa were deep burrowers, including
the mud shrimps Callianassa sp. and Upo gebia del -
taura mostly sampled in the Dutch EEZ, hard-shelled
taxa such as Pagurus bernhardus found in both study
areas and small-bodied taxa including species of the
amphipod genus Bathyporeia. In the Dutch EEZ,
some highly abundant taxa, in cluding A. brachiata,
A. filiformis, Arctica islan di ca, Brissopsis lyrifera,
Echino cardium sp., Mya spp., Pholoe minuta and
Scole toma fragilis, had higher vulnerability scores
(SE + RE; range 0.25− 0.92). In the Bay of Biscay, vul-
nerability scores among the most abundant taxa
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Fig. 3. Principal component analysis of biological trait covari-
ances from taxa × standardised traits matrices. (a) Endoben-
thos from the Dutch EEZ. (b) Epibenthos from the Bay of Bis-
cay. Bar diagrams, eigenvalues (black, axes 1 and 2). Grey
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Dashed arrows, SE and RE components are projected as pas-
sive elements. Grey squares represent taxa. ‘d’ indicates the
grid scale. AM: age at maturity; BD: burrowing depth; BL:
body length; FR: fragility; LS: life span; MO: motility; OS: off-
spring size; OT: offspring type. Table S4.1 in Supplement 4 
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were relatively lower, with the excep-
tion of the ur chin Gracilechinus acutus
and crinoids (Antedon sp. or Leptome-
tra sp.) that ranged be tween 0.5 and
0.6. As expected, vulnerability scores
for other abundant species were all
below 0.5. Species of pennatulaceans
(e.g. Funicu lina qua d ran gularis), al -
though relatively less abundant, had
the highest  vulnerability scores (RE +
SE, range 0.63−1.00).

3.4.  Trawling intensity and
 confounding effects with
 environmental variables

Trawling intensity (as SAR) was simi-
larly distributed in both study areas,
with low values dominating (Fig. 5a,b).
However, the range of SAR values
was significantly wider for the Bay of
Biscay (25% of SAR values above 4.6)
than for the Dutch EEZ (maximal
SAR = 4.7). In the Dutch EEZ, trawl-
ing intensity was strongly predicted
by abiotic variables (trawling inten-
sity regressed on abiotic variables,
R2 = 0.78). Most response variables
were also strongly predicted by abi-
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otic variables (Table S5.1). Consequently, in creasing
trawling intensity was inexorably accompanied by
an increase in confounded effects of trawling inten-
sity and environmental characteristics. This ham-
pered the detection of true trawling effects on re -
sponse variables following variation partitioning
(Fig. 5c; Table S5.1). A similar trend, although de -
tected (trawling vs. environment, R2 = 0.14), was
less pronounced in the Bay of Biscay (Fig. 5d;
Table S5.2).

3.5.  Trait responses to trawling

The results of our analyses (Table 2) show that, in
general, trait combinations were more responsive to
trawling intensity than single traits. Therefore, our
second hypothesis (H2) was supported. As expected,
when significant, all traits responded negatively to
trawling, except offspring type and size, especially in
the Bay of Biscay. Tables S5.1 & S5.2 display comple-
mentary results for different sub-combinations of

traits within SE and RE components, including con-
founding effects.

In the Dutch EEZ, relative biomass density was
the most responsive to trawling, and not con-
founded with responses to environmental variables
(Table S5.1, adjusted R2 ranging from 0.02 to 0.15).
Overall, individual trait responses were mostly
insignificant, except offspring size based on relative
biomass. Trait responses were highly obscured by
confounding effects of abiotic variables, masking
the effect of trawling intensity (Fig. 5c), with limited
amounts of explained variance left when controlling
for the effect of the environment (Table S5.1). In
general, SE was less responsive than RE, in spite of
smaller confounding effects (average adjusted R2 =
0.12 for SE against 0.33 for RE). Whereas all densi-
ties returned similar latitudinal contrasts in SE, RE
and vulnerability (Figs. S6.1 & S6.2 in Supplement
6; higher values in the north), the main spatial dif-
ferences between SE and RE components were
observed for absolute and relative biomass densi-
ties. Vulnerability based on the additive combina-
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Case study         Component           Response variable               Absolute density                                   Relative density
                                                                                           Biomass    Individual    Taxon             Biomass    Individual     Taxon

Dutch EEZ         Individual traits     Body length                 ns                ns              ns                     ns              −0.25            ns
                                                          Fragility                        ns                ns              ns                     ns              −0.24            ns
                                                          Burrowing depth         ns                ns              ns                   −0.20             ns               ns
                                                          Motility                         ns                ns              ns                     ns                ns               ns
                                                          Age at maturity            ns                ns              ns                     ns                ns               ns
                                                          Life span                      ns                ns              ns                     ns              −0.25            ns
                                                          Offspring type             ns                ns              ns                     ns              −0.23            ns
                                                          Offspring size              ns                ns              ns                   −0.41             ns               ns

                           Sensitivity              SE                                 ns                ns              ns                   −0.39           −0.30            ns

                           Recoverability       RE                              −0.25           −0.32        −0.28                −0.39           −0.23          −0.37

                           Vulnerability         SE + RE                        ns                ns              ns                   −0.44           −0.29            ns
                                                          SE × RE                      −0.25             ns              ns                   −0.43           −0.25            ns

Bay of Biscay     Individual traits     Body length               −0.21           −0.22        −0.24                  ns                ns            −0.35
                                                          Fragility                     −0.34           −0.28        −0.29                −0.24           −0.28          −0.32
                                                          Burrowing depth      −0.30           −0.24        −0.25                −0.24           −0.20          −0.30
                                                          Motility                      −0.32           −0.34        −0.35                −0.25           −0.29          −0.31
                                                          Age at maturity         −0.22           −0.23        −0.25                  ns              −0.09          −0.31
                                                          Life span                    −0.23           −0.20        −0.21                  ns                ns            −0.14
                                                          Offspring type           −0.30           −0.28        −0.29                −0.33           −0.27          −0.42
                                                          Offspring size            −0.35           −0.38        −0.39                −0.29           −0.38          −0.41

                           Sensitivity              SE                               −0.36           −0.38        −0.39                −0.29           −0.42          −0.42

                           Recoverability       RE                              −0.39           −0.36        −0.35                −0.26           −0.28          −0.26

                           Vulnerability         SE + RE                      −0.41           −0.40        −0.41                −0.36           −0.45          −0.43
                                                          SE × RE                      −0.29           −0.32        −0.27                −0.20           −0.22          −0.21

Table 2. Trait responses to trawling intensity. Values are partial r, Pearson’s r-correlation coefficient between trait and trawling
intensity after controlling for the effect of abiotic variables (partial regression). EEZ: exclusive economic zone; ns: not significant
(p ≥ 0.05); SE: sensitivity; RE: recoverability; Absolute density: sum of taxon raw values in a sample; Relative density: taxon raw 

values divided by sample total and then summed
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tion of SE and RE for relative biomass responded
most strongly (Fig. 6a−c) and SE and RE spatial pat-
terns were the most contrasted with marked local
complementarities (Fig. 7a−c).

In the Bay of Biscay, the 3 types of densities (and
their relative counterparts) responded similarly, with
higher partial correlations for relative individual and
taxon densities. The spatial distribution of the 2 com-
ponents corresponded largely to some of the major
habitats in the Bay of Biscay (Fig. 7d,e; Figs. S6.3 &
S6.4). In addition to smaller confounding effects, ex -
plained variances were often higher than in the
Dutch EEZ (Tables S5.1 & S5.2). Vulnerability re -
sponded most strongly, and this was also the case
with the additive combination of SE and RE
(Fig. 6d,e). The additive combination of SE and RE, as
well as the 2 components separately, showed similar
spatial patterns notwithstanding the type of densi-
ties. Both components corresponded largely to some
of the major habitats in the Bay of Biscay (Fig. 7d,e;
Figs. S6.3 & S6.4).

4.  DISCUSSION

4.1.  Responsiveness of benthic community 
traits to trawling

The response of benthic community traits to trawl-
ing was consistent with our expectations. Corrobo-
rating the findings of Bolam et al. (2014), our re sults
clearly advocate for the use of multiple traits rather
than a single trait in synecological studies. While
recent studies proposed life span as the single trait
determining the benthic community response (e.g.
the ‘longevity ap proach’, Hiddink et al. 2019, Rijns-
dorp et al. 2020), this (1) assumes that the single trait
adequately represents the recoverability component
(RE) and (2) ignores the sensitivity component (SE).
Out of 12 tests (6 densities in each case study), life
span was significant only 5 times compared to RE,
which was always significant. This supports the con-
tention that densities of long-lived species may lose
their indicator potential beyond a certain level of
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trawling intensity, whereas the alternative, relative
maturity (RM), may indicate fishing effects, even at
high and prolonged trawling intensities.

In the Dutch EEZ, the lower SE re sponsiveness
may be due to a much higher proportion of buried
species compared to purely epibenthic ones. Only 13
taxa with a high (> median) SE score (7% of the total)
were epibenthic, against 35 taxa (18%) of deep bur-
rowers (>5 cm). In contrast, 68 taxa with high SE
scores (40%) in the Bay of Biscay were epibenthic
and none were deep burrowers, probably explaining
the regular SE responsiveness there. Significant
responses of SE in the Dutch EEZ, only observed for
relative biomass and individual densities, may have
been due to dominant epibenthic or shallow-
dwelling taxa with high SE scores. We cannot pro-
vide accurate estimates of trawl mortality as a func-

tion of burrowing depth, as no information on gear
penetration depth was available, and it is known that
the same gear can have different ef fects in different
sediment types (Kaiser et al. 2006). However, there is
good evidence that vulnerability is a function of bur-
rowing depth, especially in the Bay of Biscay. Firstly,
Tiano et al. (2020) experimentally compared the
effects of 2 contrasting trawling techniques (pulse
and tickler chain trawls; both in soft mud) on benthic
fauna; as ex pected, densities of epibenthic fauna and
shallow burrowers were depleted, but no significant
difference was detected between the 2 trawling tech-
niques. Secondly, a larger proportion of the fauna
from the Bay of Biscay was epibenthic (Fig. S3;
almost 70% of the taxa, compared to less than 15%
in the Dutch EEZ) and was likely more exposed to
trawling gears than the fauna from the Dutch EEZ,
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where >35% of the taxa could be found >5 cm deep
(cf <10% in the Bay of Bis cay). Comparatively, the
usual penetration depths of bottom trawls rarely
exceed 5−10 cm (Eigaard et al. 2016).

Our analyses using biomass densities of endoben-
thos in the Dutch EEZ recorded a large area of low
sensitivity centred on the Frisian Front (Fig. 7a−c,
around 54° N). There, the very deep burrowers
Calli a  nassa sp. and Upogebia deltaura comprise a
large proportion of total benthic biomass. In con-
trast, vulnerability based on number of taxa is
higher in this area due to high SE and/or RE scores
of many species with relatively low biomass densi-
ties (Fig. S6.1i−k). In the Bay of Biscay, the conti-
nental shelf encompasses a patchwork of habitats,
resulting in different processes driving apparently
similarly low SE values. In the north-eastern part
(Fig. 7d, 45.5°−46.5° N), a muddy area named ‘Grande
Vasière’, low SE values result from the dominance
of burrowing organisms and the presence of the
most sensitive epibenthic species with densities
greatly reduced by intensive fishing in that area
over several decades. In the sandy habitats of the
transitional area between the Celtic Sea and the
Bay of Biscay (around 47.5° N), low SE values reflect
high biomass of some trawling-resistant species in -
cluding the anemone Actinauge sp. and the paguroid
Pagurus prideaux. Highest SE values in the south-
ernmost areas were mainly due to the dominance of
sensitive species including pennatulaceans (Ptero -
eides spp. or Funiculina spp.) and crinoids (Lepto -
metra celtica). The latter species is also found in
patches in the central area of the Bay of Biscay
between the 100 m isobath and the shelf-break
where high SE values were also recorded.

For benthic community status assessments, the
choice of biomass, individual or taxon densities may
be determined by the focus of the assessment. For
example, trawling effects on biodiversity might best
be assessed using taxon densities. Conversely, ef -
fects on foodweb functioning would be more mean-
ingfully established based on biomass, and individ-
ual density may be less appropriate (as it is biased
towards representing the most abundant species) for
expressing multi-faceted and often ill-defined con-
cepts such as community health or seafloor integrity
(as used in the Marine Strategy Framework Direc-
tive). In the Dutch EEZ, stronger relationships for
traits weighted by biomass were found than for traits
weighted by indi vidual or taxon densities, especially
when relative densities were applied. High biomass
densities can in dicate the presence of old individuals
of vulnerable species (i.e. those requiring sufficient

time without disturbance to ensure reproductive suc-
cess), whereas high numbers of individuals can sim-
ply re flect high numbers of young vulnerable organ-
isms at the beginning of a recovery period or high
numbers of resilient smaller and shorter-lived organ-
isms, as evidenced by abundance-biomass compar-
isons along successions in the marine benthos (Pear-
son & Rosenberg 1978, Warwick & Clarke 1994, Diaz
& Rosenberg 1995). In the Bay of Biscay, the consis-
tent responsiveness among the different types of
densities may be explained by steeper species rich-
ness gradients compared to other densities (Figs. S6.3
& S6.4), coupled with the negligible confounding
effects of environmental variables in this area (see
Section 4.2).

4.2.  Confounding effects

The strong confounding environmental effects en -
countered in the Dutch EEZ were probably responsi-
ble for the absence of significant responses for many
variables, as explained variances were of similar
magnitudes (Table S5.1). Consequently, re moving
the confounding effect from the total effect left only
small amounts of variance in the benthic community
traits to be explained by trawling intensity. In the
Dutch EEZ, trawling intensity increases from the
deeper water in the north to the shallow water in the
south, as does primary productivity (correlated to
trawling intensity, r = 0.66, p < 0.001), so that it is dif-
ficult to appraise the true trawling effect on what is
effectively a correlated gradient. The response of
benthic communities could therefore be the result of
an increase in trawling intensity, a change in habitat,
or both. This was also observed for species richness
by Duine veld et al. (1992). In our study, this is de -
monstrated by the generally high level of variance in
abiotic variables (Table S5.1). Besides, opposing
directions of change in trawling intensity and a given
indicator could mask the effects of trawling distur-
bance buffered by environmental suitability (i.e.
compensating depletion). As observed in the Dutch
EEZ, the use of relative densities may, to some
extent, mitigate the confounding effect of production
gradients by emphasising the functional nature of
communities more compared to analyses based on
species richness or total organism density (Beauchard
et al. 2017).

Few benthic studies have explicitly taken con-
founding effects into account (Lindegarth et al. 2000,
Hinz et al. 2009, Reiss et al. 2009, Jac et al. 2020). To
our knowledge, no work developing composite trait
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indicators has sought to statistically validate this
important aspect. Several studies were previously
carried out along gradients of commercial fishing
intensity, some of which probably involved correla-
tions with other forms of anthropogenic physical dis-
turbance and, importantly, environmental variability.
The conclusions drawn from such studies should be
considered with caution. Variation in fishing inten-
sity often follows variation in fish abundance and
habitat suitability, both of which are driven by varia-
tion in the environment (Pommer et al. 2016). To truly
disentangle fishing effects, long-term fishing exclu-
sion from different habitats (i.e. those with different
degrees of vulnerability) would offer better experi-
mental contexts (Hall 1999, Gray et al. 2006).

4.3.  Developing a trait-based vulnerability indicator

Here, we present a generic approach that can be
used to develop a trait-based indicator to assess
the vulnerability of benthic communities to fishing-
induced physical disturbance. This approach is
based on 2 processes derived from a mechanistic
understanding of trawling effects on the benthic
community, i.e. sensitivity and recoverability, and is
well-grounded in benthic ecological theories. We
chose to offer a generic approach so that it can be
adjusted to fit specific contexts in terms of data avail-
ability, knowledge of the benthic fauna and traits
selected to express both SE and RE processes. As
trait scores take the value 0 in species that are not
vulnerable, null scores of combined variables are
likely to increase with more traits, leading to a larger
number of species that do not contribute to the com-
munity score. This ensures that non-null scores arise
from vulnerable species which are not resistant and
with limited resilience. In areas where benthic com-
munities are extremely impoverished, it may be nec-
essary to limit the number of traits considered, in
order to minimise the number of null scores. How-
ever, in the case of correlated traits such as in the RE
component, the number of null scores of combined
variables is limited as vulnerable species have high
scores for most of the traits. Conversely, the use of
the SE component may be more conservative for the
detection of trawling effects, given the strong inde-
pendence of SE traits.

Further work, using data collected under con-
trolled conditions, is recommended before deciding
on a definitive version of an indicator combining both
SE and RE components. Indeed, there may not be a
single ‘best’ vulnerability indicator but a range of

similar ones that are tailored to the benthic commu-
nity being studied, how it was sampled and the over-
all local conditions. For example, a benthic commu-
nity not impacted by trawling previously, would be
characterised by a large spread of SE and RE scores
due to higher proportions of vulnerable species.
When trawling commences, the relative contribu-
tions of SE and RE components to the decreasing vul-
nerability indicator are expected to change over
time, i.e. first dominated by the SE and later by the
RE component. After the initial trawl pass, it can rea-
sonably be assumed that the first responding individ-
uals/species will be those with higher SE scores (e.g.
sea pens). Then, under continued and frequent trawl-
ing that does not allow recovery, only species with
sufficient resilience relative to trawling intensity will
survive continued trawling, so the SE score remains
low. Once fishing ceases, indicator response is deter-
mined, chronologically, by the SE component, fol-
lowed by the RE component dominated initially by
high relative maturity (RM) scores and later by life
span. After implementation of a marine protected
area, for example, the indicator responsiveness would
be determined in the short term by SE and in the
long term by RE. In our case study areas, both of
which involved trawled communities, SE responses
may be considerably smaller than what might have
been expected under pristine, or at least less de -
graded, circumstances. As such, both SE and RE
need to be included in a benthic vulnerability indica-
tor that is expected to perform well under very differ-
ent circumstances.

The range of variation in trawling intensity was
large enough in our study to detect significant re -
sponses of some trait-based indicator components.
However, the general lack of responsiveness of life
span, an important recoverability trait, may be ex -
plained in both case studies by temporal contin-
gencies. In both areas, the presence of species with
potentially high scores for both SE and RE was ob -
served long ago (Houziaux et al. 2011). The long
history of sustained bottom trawling may have
extirpated a substantial proportion of the vulnerable
epibenthic fauna. Bottom trawling is known to
have affected European coastal areas since the 13th

century (de Groot 1984), expanding to further and
deeper areas in the following centuries (Joubin
1922). The resulting lack of lightly impacted areas,
and hence a limited variation in SE, RE and vulner-
ability among both endo- and epibenthic communi-
ties, may have masked greater RE responsiveness.
Nevertheless, we cannot exclude some limitations
from our spatial sampling resolution to properly
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detect local patches of vulnerable epibenthic fauna
as evidenced by the recent discovery of a Sabellaria
spinulosa reef in an area of intense demersal
fishing within the Dutch EEZ (van der Reijden et
al. 2019).

Lastly, the inclusion of other important traits could
have enhanced the performance of our approach. In
the SE component, body regeneration could have
been relevant, but its documentation remains ques-
tionable for many species such as bivalves exposing
their siphons to predators or regenerating shell. Also,
as illustrated by the noticeable responsiveness of off-
spring type and size, offspring traits should deserve
more attention. Besides, information on larval settle-
ment cues could have improved the RE component.
Different species with differing growth rates and life
spans require cues for settling, such as the presence
of adults or aspects of the physico-chemical nature of
the sea floor (Pechenik 1990, Pawlik 1992). Given the
effects of bottom trawling on the sediment (Schwing-
hamer et al. 1998), larval settlement is likely to be
impaired by removing adults or by altering the
nature of the sediment.

4.4.  Conclusions

Based on a theoretically sound mechanistic under-
standing of trawling effects on the benthic commu-
nity, this study advocates the use of multiple biologi-
cal traits for assessing the status of seabed habitats
specifically in relation to trawling-induced physical
disturbance. We emphasise the complementarity of
SE and RE components and their relative importance
depending on the study context. In this study, their
independence is a major finding, implying that vul-
nerability cannot be fully understood using a single
trait or several ones only reflecting the intrinsic rate
of natural increase. Our results show that an assess-
ment of the status of seabed habitats, and how these
are affected by physical disturbance, requires the full
consideration of the benthic community, including
both endo- and epibenthic components, each need-
ing different sampling techniques.

Our generic approach to the development of a ben-
thic community vulnerability indicator can be adapted
to specific contexts. Depending on the availability of
data from monitoring programmes, such as type of
fauna sampled (endo- or epibenthos), faunal data
recorded (numbers, biomass) and availability of trait
information, an indicator can be created that is likely
to perform well even in areas with a long history of
exploitation.
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