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ABSTRACT: Trawling disturbs benthic communities, eliminating the most vulnerable organisms and
modifying habitat structure. While the cumulative effects of disturbance resulting from commercial
trawling activities are poorly understood, several studies suggest that chronically disturbed communities are dominated by opportunistic organisms. This study focuses on changes in functional components of the benthic community occurring in muddy sediments in a NW Mediterranean trawling
ground, including an area that has not been fished for 20 yr. In both disturbed and undisturbed areas,
the overall benthic community from the fishing ground was dominated by burrowing epifaunal
deposit feeders and predators, and deep burrowing infaunal deposit feeders. The fished area had a
higher abundance of burrowing epifaunal scavengers and motile burrowing infauna, while the
undisturbed area was characterised by higher abundance of surface infauna, epifaunal suspension
feeders and predatory fish. This study clearly demonstrates that changes in the functional components of a benthic community can result from fishing in areas dominated by organisms not considered
especially vulnerable to trawling activities. Thus, fisheries managers aiming to reduce ecosystem disturbance must consider the implications of trawling on the structure and functioning of all types of
benthic communities.
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Continental shelves have been intensively fished
worldwide over the last century, often resulting in the
overexploitation of commercial species and the impoverishment of benthic communities (de Groot 1984,
Dayton et al. 1995, Pauly et al. 1998). Bottom trawling
disturbs benthic communities. However, there is a poor
understanding of the degree to which frequency and
intensity of fishing disturbance to the seafloor can
chronically modify benthic communities (Thrush et al.
1995, Auster et al. 1996, Jennings & Kaiser 1998, Hall
1999, Norse & Watling 1999, Kaiser et al. 2000).
Fisheries management aiming to reduce anthropogenic disturbance on ecosystems should consider
the implications of fishing activities for both the struc-

ture and functioning of marine communities. This
implies that there is a need to find appropriate indicators of the community response to fishing disturbance
(Link et al. 2002, Bustos-Baez & Frid 2003, Frid et al.
2005, Piet & Jennings 2005). Changes in the functional
components of the communities represent the organisms’ adaptations to the environment and their
response to stress; therefore, focusing on how commercial trawling has modified the functional components
of the communities can clarify the consequences of this
type of fishing for benthic ecosystems. (Bremner et al.
2003, Bremner et al. 2005). Numerous trawling impact
studies demonstrate that the organisms’ responses to
disturbance depend on their biological traits. For
example, those organisms possessing traits considered
opportunistic and less affected by trawling activities
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are likely to respond positively to disturbance events
(Kaiser & Spencer 1994, Dayton et al. 1995, Philippart
1998, Thrush et al. 1998, Auster & Langton 1999, Frid
2003, Blanchard et al. 2004).
In this study, several functional traits were selected
to represent different components of the organisms’
sensitivities to trawling disturbance. These traits were
considered important in determining both the
responses of benthos to fishing activities and the
potential for changes in ecosystem function. Firstly,
feeding type reflects the adaptation of the organisms to
the habitat, e.g. numerous studies have detected significant increases of motile scavengers in recently
trawled areas (Kaiser & Spencer 1994, Collie et al.
1997, Ramsay et al. 1998, Demestre et al. 2000, Rumohr
& Kujawski 2000, Bozzano & Sarda 2002). Deposit
feeders can also be favoured as trawling increases the
availability of organic matter on the sediments (Frid et
al. 2000), whereas filter feeders are highly affected by
the increase of suspended sediment following trawling
(Caddy 1973). Secondly, the motilities of the organisms

and their positions in or on the sediments also influence their vulnerabilities to trawling. Sedentary surface organisms are strongly affected by the trawling
gear (Bergman & Hup 1992, Thrush et al. 1995, Auster
et al. 1996, Wassenberg et al. 2002). Thirdly, external
protecting structures and the body designs of organisms can also affect vulnerabilities. Species protected
with a hard shell, or vermiform organisms are considered less vulnerable to trawling impact (Bremner et al.
2003, Blanchard et al. 2004). Finally, other important
traits considered in this paper are the body sizes and
life spans of organisms. Previous impact studies have
observed a shift from large slow growing fauna to less
vulnerable smaller and faster growing organisms
(Philippart 1998, Roth & Wilson 1998, Kaiser et al.
2000, Rumohr & Kujawski 2000).
The combination of these functional traits allowed
estimation of both the vulnerabilties of organisms and
the resilience of populations impacted by fishing activities. For example, trawling generally favours less vulnerable motile scavenging fauna over highly vulnerable surface sedentary taxa (McConnaughey et al. 2000,
Frid 2003). Population resilience depends on the vulnerabilities of the individuals along with life history
traits and reproductive strategies. Small and fast growing organisms are thus more resilient to disturbance.
Consequently, highly vulnerable organisms with low
population resilience are not expected to be abundant
in trawled areas.
The aim of this study was to investigate the functional components of a benthic community subjected to
chronic fishing disturbance. The study area was
located in a northwestern Mediterranean commercial
fishing ground that is exploited by a large trawling
fleet operating with well-defined seasonal activity. We
compared chronically disturbed and undisturbed benthic communities to obtain the response of functional
traits of the faunal assemblages to commercial trawling
activities. Our goal was to test predictions and estimate
how trawling alters the different functional components of communities, thus improving our knowledge
of the ecological implications of fishing.
This study highlights an opportunity to investigate a
soft-bottom community from a commercial fishing
ground, considering both the large epifaunal and
smaller infaunal organisms. Moreover, we emphasise
the focus of this study on muddy soft bottoms, one of
the most characteristic habitats for species targeted by
trawling fisheries worldwide.

MATERIALS AND METHODS
Fig. 1. Location of the study area in the northwestern
Mediterranean Sea

Characteristics of the study area. The study was
conducted in the Catalan Sea located in the northwest-
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ern sector of the Mediterranean Sea (Fig. 1). The fishing ground selected is on the continental shelf off the
Ebro Delta. It has a surface area of 400 km2 and depths
between 30 and 80 m. The sediment consists of mud
(> 95%) and has a median grain size of 2.7 to 4.6 µm.
This section of the continental shelf extends for 70 km
with a gentle slope, and has highly homogenous sediment and physical parameters (Díaz et al. 1990). The
benthic community is considered typical of continental
shelf muddy bottoms, with low diversity and high secondary production (Demestre 1986).
This study was focused on an otter-trawl fleet from
the port of Sant Carles de la Ràpita. With 59 vessels,
this is the largest trawling fleet in the region, operating
in several well defined fishing grounds (Demestre
2006). Previous studies in the area, as well as historical
catch records of the trawlers and daily records from the
local auction, permitted selection of a fishing ground
characterised by seasonal variation in the activity of
the fleet. Fishing fleet activity in this area varies from
high effort during autumn and winter (from September
to February: 7550 average fishing h mo–1), to low effort
in spring and the beginning of summer (from March to
June: 5520 average fishing h mo–1), and a 2 mo fishing
closure in summer (July and August). The whole area
was surveyed using side scan sonar images that registered the trawl marks on the sea bed. These images
confirmed that the fishing ground was evenly trawled.
Furthermore, the selected fishing ground includes an
area of 2.7 km2 that has remained undisturbed for 20 yr
due to the fragmented remains of an abandoned oil
platform. This portion of seafloor was used as a reference area (Demestre 2006).
Sampling cruises and processing of samples. Two
study sites were selected within the fishing ground: a
fished site and the undisturbed area as a reference. A
survey carried out in the fishing ground prior to this
study characterised the area and identified the benthic
community assemblages and environmental characteristics at the 2 study sites. The sites had similar habitat
characteristics (Demestre 2006).
Samples of benthic fauna were collected from the
fished and reference sites on 7 experimental cruises
timed to encompass seasonal variability, as well as the
variations in fishing activity (27 to 30 June 2003, with
low fishing activity; 14 to 17 July 2003, 28 to 31 July
2003 and 19 to 22 August 2003, during fishing closure;
26 to 29 September 2003 and 14 to 17 November 2003,
with high fishing activity; and 18 to 21 June 2004, with
low fishing activity).
Epifaunal and infaunal organisms were the focus of
this study. The epifaunal fraction comprised the large
macrofauna living on the sediment surface or within
the first few cm of sediment depth. They were collected with a surface dredge. Infaunal organisms com-
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prised smaller macrofauna buried in the sediments.
They were collected with a grab. The epifauna was
sampled with a surface dredge, similar to a 2 m beam
trawl, composed of a 2 m × 40 cm iron-framed aperture,
a 40 mm mesh size and a 10 mm cod-end. The minimum sample size to estimate the species richness was
determined (based on Sanchez et al. 1998). Accordingly, we made 3 hauls of approximately 15 min duration at 3 knots h–1 at each site. A total of 3 replicate epifaunal samples was collected randomly on each cruise
at both fished and reference sites. Epifaunal samples
were standardised to a surface area of 1000 m2, thus
taking into account variations in haul duration.
To survey the infaunal benthos, sediment samples
were obtained with a 0.1 m2 Van Veen grab. Samples
were collected at 5 fixed Stns located in each of the 2
study sites. Five grab samples were collected randomly
at each station to determine minimum sample size for
species richness estimates (Demestre 2006). Sediment
samples were sieved over a 1 mm mesh. Epifaunal and
infaunal organisms were identified to the lowest taxonomical level practical, and counted. The data
obtained with the epibenthic dredge and the infaunal
grab were analysed separately, as they sampled different components of the benthic community.
Infaunal and epifaunal functional groups. The
analyses were based on groups of organisms with common functional attributes that were predicted to
respond in similar ways to fishing disturbance. The
data set was reduced to 13 epifaunal species and 25
infaunal taxa to focus the study on the organisms that
contributed most to the differences between the fished
and reference sites. These species were selected by
the SIMPER procedure (PRIMER, Clarke & Warwick
1994) as those that accounted for 90% of the dissimilarity between fished and reference sites. These species
were also the most abundant in the community. The
epifaunal species selected contributed 90% to total
epifaunal abundance, and belonged to Bivalvia, Gastropoda, Crustacea, Echinodermata and Osteichthya.
The selected infaunal taxa contributed 80% to overall
infaunal abundance, and comprised members of the
Polychaeta, Crustacea, Bivalvia, Gastropoda, Echinodermata and the Nemertini. Organisms contributing
<1% to overall abundance were aggregated in the
analysis into the rare species group.
A set of functional traits was assigned for every
selected species (Table 1). The species were classified
into different functional categories based on information from a variety of literature sources and from specialist knowledge. Each functional category was predicted to show either a negative, neutral or positive
response to trawling activity. The predicted response
of each trait to trawling disturbance was formulated on
the basis of previous trawling impact studies con-
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Table 1. List of functional traits and their corresponding codes
used in the multivariate analysis. Codes for epifaunal data
include: motility, position, feeding, vulnerability and size.
Codes included for infaunal data: motility, position, feeding,
vulnerability, body design and protection. –: not coded as trait
not in multivariate analysis
Functional traits Codes

Functional traits

Motility
Sedentary
Low
Medium
High
Position
Surface
Subsurface
Feeding type
Filter feeders
Deposit feeders
Predators
Scavengers
Vulnerability
Low
Medium
High
Body design
Vermiform
Shell
Scales

Protection
Tube
None

S
L
M
H
S
B
F
D
P
S
L
M
H

Size
<1 cm
1–5 cm
5–10 cm
>10 cm
Life Span
<1 yr
1–3 yr
> 3 yr
Resilience
Low
Medium
High

Codes

t
n
1
4
6
9
–
–
–
–
–
–

V
S
A

ducted elsewhere, and on the biology of the local
organisms.
The functional traits were split up in several categories. Feeding mode comprised 4 categories for epifauna: filter feeders, deposit feeders, predators and
scavengers. For infauna, only 3 categories were used,
with predators and scavengers included in the same
group. Motility was described at the scale of the fishing disturbance, and ranged from sedentary (unable
to avoid the disturbance) to highly motile organisms.
Categories for position on the sediment were allocated differently for the infaunal and epifaunal organisms. Epifauna were sampled with a surface dredge
that also collected organisms burrowing into the sediment. While grabs collected infaunal organisms
buried in the sediment, they also included organisms
living in the sediment-water interface. External protecting structures and the categories of body design
were considered important determinants of infaunal
vulnerability to fishing gear. The maximum sizes and
life spans were also included as important traits of
organisms. However life spans (and consequent
resilience against disturbance) were not included in
all the analyses, as this information was not available
for the entire species list; with few exceptions the
infaunal organisms are thought to have a life span of
1–2 yr. Two summary classifications, vulnerability and

resilience, were estimated after combining the different functional traits.
Finally, a category ‘rarity’ was defined for those organisms that individually contributed <1% to overall
abundance. Rare species may provide valuable information for identifying the functional traits highly affected by fishing activities. However, variations in the
abundance of this group could not be tested by inferential statistical analysis, due to the high percentage of
zero abundance values. Therefore, conclusions drawn
from these data must be considered with caution.
Statistical analyses. The functional categories
(except resilience and life span) were transformed into
a list of codes summarising the biological characteristics of each species (Table 1). The abundances of species possessing the same code were summed (Table 2),
after which we tested for differences between communities from fished and reference sites (PRIMER statistical package, Clarke & Warwick 1994). Similarity
between each pair of samples was calculated using the
Bray-Curtis similarity index, after square root transformation of the data to reduce the influence of dominant
groups. A non-metric multidimensional scaling ordination (MDS) was developed based on the similarity
matrix. An ANOSIM test was used to test the similarity
between samples from fished and reference sites.
Finally, the data were analysed with the SIMPER procedure to determine which codes accounted for the
observed dissimilarities between samples.
Subsequently, epifaunal and infaunal species were
combined into groups with common functional attributes. In this way, the list of codes was reduced to 6 epifaunal and 9 infaunal functional groups (Table 3).
Abundances of the different functional groups were
analysed to compare fished and reference sites at different levels of fishing activity. The densities of the
functional groups were expected to either increase or
decrease with fishing activities, depending on the
functional traits.
A 2-way analysis of variance (ANOVA) was performed to identify significant differences (p < 0.05) in
the abundances of the functional groups between
fished and reference sites and among the different
cruises (each cruise represents a different level of fishing activity). Site and cruise were analysed as fixed
factors. A Tukey post-hoc comparison test was applied
to detect significant pairwise differences among combinations of Site × Cruise. When the factor interaction
term was significant, a multiple comparison test based
on specific contrasts was used to determine significance of the interaction between different levels of
each factor. The Kolmogorov-Smirnov test was used to
test the assumption of normality, and Levene’s test
checked the homogeneity of error variances. When the
normality assumptions were not met, a log10 transfor-
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mation was applied. In 2 cases (Group
1e and Group 9i in Table 3) the data
were
not
normally
distributed,
because the differences in abundance
between sites were very large and
bimodal; therefore, a Kruskal-Wallis
non-parametric test was used to detect
significant differences between sites.
Univariate analyses were conducted
with the statistical package S-plus
(Becker et al. 1988).

RESULTS
Organisms classified as having low
vulnerability were the most common
within the the epifauna, and were
slightly more abundant at the fished
site than at the reference site (Fig. 2a).
Moderately vulnerable species accounted for most of remaining epifauna at both sites. Highly vulnerable
organisms were extemely rare at the
fished site and present at low abundances at the reference site (Fig. 2a).
Most infaunal species were characterised as medium to low vulnerability
with no large differences between
sites (Fig. 2b). Highly vulnerable infauna were uncommon at both sites
(Fig. 2b).

Multivariate pattern

Table 2. Results of SIMPER analysis for (a) epifaunal and (b) infaunal data.
Codes and corresponding species; average abundance at fished (Av. Nfished) and reference (Av. N-reference) sites; index of contribution to dissimilarity between sites (Diss/SD); *indicates indices >1.40
(a)
Codes
LBFH6
HSPM9

HBPM4
LBDL4
MBSL9
SBDL4
MBPM4
MSSL6

Epifaunal species
Acanthocardia echinata
Citharus linguatula
Lepidotrigla cavillone
Arnoglossus laterna
Lesuerogobius suerii
Nucula nucleus
Astropecten irregularis
Trachythyone tergestina
Alpheus glaber
Goneplax rhomboides
Bolinus brandaris
Pagurus excavatus
Liocarcinus depurator

(b)

Av. Nfished

Av. Nreference

Diss/SD

0.1
4.95

2.98
22.54

*2.13*
*1.60*

4.69
7.46
73.98
31.61

0.57
9.81
57.09
22.28

*1.52*
1.32
1.31
1.24

11.29
9.87

21.98
6.97

1.24
1.24

Av. N-

Av. N-

Codes

Infaunal species

fished

reference

Diss/SD

LBPLVn

Lumbrinereis sp.
Nemertini
Marphysa bellii
Aricidea sp.
Levinsenia gracillis
Labidoplax digitata
Sternaspis scutata
Ampharetidae
Prionospio sp.
Scolelepis cantabra
Thyasira flexuosa
Capitellidae
Cirratulidae
Glycera sp.
Ampelisca tenuicornis
Corophium rotundirostre
Apseudes spinosus
Apseudes latreillei
Flabelligeridae
Paralacydonia paradoxa
Mysella bidentata
Nucula nucleus
Hyala vitrea
Leucon mediterraneus
Amphiura chiajei

153.18

41.17

*2.84*

0.76
147.41

41.66
341.03

*2.18*
1.7*

98.47
79.94

31.94
142.8

1.7*
*1.44*

22.29
180.82

18.4
190.17

1.36
1.33

18.82
22.92

17.37
58.80

1.31
1.29

70.11

34.81

1.24

36

37.26

1.16

19.24

14.8

1.12

19.47
29.6
0.94

16.34
17.06
3.14

0.93
0.83
0.77

LSPMVt
SBDLVn

LBDMVn
SSDMVt

SSFHSn
SBDLVt
LSPLVn

Multivariate analysis showed that
SSFHAt
epifaunal communities from reference
and fished sites were 37.5% dissimiSBDMAn
lar. The MDS ordination of samples
(Fig. 3a) and ANOSIM test clearly disSSDMVn
tinguished fished and reference sites
SBDMSn
with a stress level of 0.17 and an R
value of 0.91 (p = 0.001). The SIMPER
LSPMSn
procedure highlighted the importance
MSFMAn
of 3 functional codes in discriminating
LSDLAn
the 2 sites (Table 2a). The fished site
was characterised by motile burrowing predators and scavengers (codes
HBPM4 and MBSL9), whereas the reference site had
higher abundance of highly motile surface predators
and burrowing low motility filter feeders (codes
HSPM9 and LBFH6).
Multivariate analyses of the infaunal data showed
that reference and fished sites were 39.6% dissimilar.

The MDS ordination (Fig. 3b) and ANOSIM test
divided fished and reference samples into 2 well
defined groups with a 0.14 stress level and a 0.98 R
value (p = 0.001). The SIMPER procedure highlighted
5 functional codes as best discriminators of fished and
reference sites (Table 2b). The fished community was
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Table 3. Epifaunal (a) and infaunal (b) functional groups. Functional group and species included in each group are indicated
in the first 2 columns (left side); the subsequent columns summarise the biological traits. Motility (Motil.): S, sedentary; L, low; M,
medium; H, high. Position on the substratum (Posit.): S, surface and SS, subsurface. Feeding mode (Feed.): FF, filter feeders; DF,
deposit feeders; P, predators; S, scavengers. Maximum size (Size) for epifauna (a) in cm. Body design (Shape) for infauna (b): Sh,
shell; Sc, scales; Verm, vermiform. Maximum age (Age) in yr. Resilience (Resil.) for the epifauna (a), and vulnerability (Vuln.) for
epifauna and infauna (a,b): L, low; M, medium; H, high. The last 2 columns (right side) indicate the expected (E) and observed
(O) response to trawling disturbance: ↑, increase in abundance; ↓, decrease in abundance; –, no predicted/observed response.
d: no data available
(a)
Epifaunal taxon
Group
1e
2e
3e
4e
5e
6e

A. echinata
N. nucleus, A. glaber, T. tergestina
C. linguatula, L. cavillone, A. laterna
G. rhomboides, L. suerii
B. brandaris, L. depurator, P. excavatus
A. irregularis

(b)
Infaunal taxon
Group
1i
2i
3i
4i
5i
6i
7i
8i
9i

T. flexuosa, A. tenuicornis, C. rotundirostre
L. mediterraneus
Ampharetidae, S. cantabra, Prionospio sp.,
P. paradoxa, Flabillegeridae
A. chiajei
Capitellidae, L. gracilis, Aricidea sp.,
Cirratulidae, L. digitata
S. scutata
A. spinosus, A. latreillei, M. bidentata,
Nucula sp.
Glycera sp., M. bellii
H. vitrea, Nemertini, Lumbrinereis sp.

Motil.

Posit.

Feed.

Size

Age

Resil.

Vuln.

E

O

L
S/L
H
M/H
M
M

SS
SS
S
SS
S
SS

FF
DF
P
P
S
S

5–10
<5
>10
<5
>10
>10

>3
nd
>3
>2
>2
>3

L
nd
M
nd
H
H

H
L–M
M
M
L
L

↓↓
↑
↓
↓
↑
↑↑

↓↓
↑
↓
–
↑
↑↑

Motil.

Posit.

Feed.

Shape

Age

Vuln.

E

O

S
M
S

S
S
S

FF
FF
DF

Sh/Sc
Sc
Verm

nd
nd
nd

H
M
M

↓↓
–
–

↓
–
↓

M
S

S
SS

DF
DF

Sc
Verm

>1yr
nd

L
L

↑
↑

–
–

M
S

SS
SS

DF
DF

Verm
Sh/Sce

>1yr
>1yr

M
M

↑
↓

↑↑
↑

M
M

S
SS

P
P

Verm
Verm/Sh

nd
nd

L–M
L–M

–
↑↑

↓↓
↑↑

characterised by vermiform motile burrowing predators and deposit feeders, which have low or moderately
vulnerabilities to trawling (codes LBPLVn and LBDMVn). The infauna from the reference site was characterised by sedentary burrowing deposit feeders and
sedentary or low motility surface organisms living in
tubes (codes SBDLVn, SSDMVt, and LSPMVt).

Responses of epifaunal functional groups to
fishing activity

Fig. 2. Vulnerabilities of epifauna (a) and infauna (b) at fished
and reference sites

The abundances of epifaunal functional groups
(Table 3a) were analysed to test for significant differences between fished and reference sites and among
the different cruises (Fig. 4). The predicted and observed response of these groups to trawling is included
in Table 4a.
The low motility burrowing filter feeders (Group 1e)
were characterised by long-life span and low population resilience. As predicted, these organisms were
mostly found in low abundance at the reference site
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a

Stress: 0.17

Stress: 0.14

b

Fig. 3. Multidimensional scaling ordination plot of epifaunal (a) and infaunal (b) functional code abundances. M: correspond to
samples from fished site and s
d : from reference site
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40
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Aug. '03

July '03

July '03

June '03

0

-4
June '03

(i.e. 2–5 ind. 1000 m–2; p < 0.001).
Small burrowing deposit feeders with
low motility (Group 2e) comprised the
second most dominant group in abundance, with no important differences
detected between fished and reference sites (i.e. 15–60 ind. 1000 m–2 on
average at fished and reference sites).
The abundance decreased at both
sites in September and November,
during high fishing activity (p <
0.001). Most large surface organisms
with long life spans (Group 3e) were
highly motile predatory fish. As predicted, these organisms were significantly more abundant at the reference
site (i.e. 2–10 and 15–40 ind. 1000 m–2
at fished site and reference sites, respectively; p < 0.001). Fished site
abundance remained low throughout
the study, except for a transient increase at the beginning of the fishing
closure (June to July 2003; p < 0.001).
The predatory organisms (Group 4e)
were characterised by small size,
motility and burrowing behaviour.
However, these organisms live > 2 yr
and were classified as moderately vulnerable. The number of individuals
from this group was similar at reference and fished sites (i.e. average
5–45 ind. 1000 m–2). Abundance decreased in September and November,
associated with high fishing activity (p
< 0.001). Motile scavengers (Group
5e), characterised by surface position,
medium size and life spans > 2 yr,
were highly resilient. These organisms decreased at the fished site in
September and November cruises, coinciding with high fishing effort (i.e.

Fig. 4. Mean abundances (± SD) of epifaunal functional groups at fished and
reference sites in survey cruises from June 2003 to June 2004. See Table 3 (a) for
details of the 6 groups
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Table 4. ANOVA test summary. Epifaunal functional groups
analysis (a); infaunal functional groups analysis (b); KruskalWallis non-parametric test (c). Groups 2i and 4i were excluded from ANOVA due to low abundance and high variability recorded; see ‘Results’ for further details. *indicates
significant p-value (p < 0.05)
(a) Epifauna
Group 2e
Site
Cruise
Site × Cruise
Group 3e
Site
Cruise
Site × Cruise
Group 4e
Site
Cruise
Site × Cruise
Group 5e
Site
Cruise
Site × Cruise
Group 6e
Site
Cruise
Site × Cruise
(b) Infauna
Group 1i
Site
Cruise
Site × Cruise
Group 3i
Site
Cruise
Site × Cruise
Group 5i
Site
Cruise
Site × Cruise
Group 6i
Site
Cruise
Site × Cruise
Group 7i
Site
Cruise
Site × Cruise
Group 8i
Site
Cruise
Site × Cruise
(c) Kruskal-Wallis
Group 1e
Site
Group 9i
Site

df

F value

Pr(F )

1
6
6

3.99
8.65
2.32

0.056
< 0.001*
0.061

1
6
6

147.56
5.96
2.94

< 0.001*
< 0.001*
0.023*

1
6
6

3.78
3.36
2.15

0.062
< 0.001*
0.078

1
6
6

2.91
3.75
6.99

0.099
0.007*
< 0.001*

1
6
6

5.86
5.21
1.27

0.022*
0.001*
0.301

df

F value

1
6
6

70.05
18.78
12.25

< 0.001*
< 0.001*
< 0.001*

1
6
6

32.48
11.10
2.99

< 0.001*
< 0.001*
0.013*

1
6
6

43.81
3.49
3.33

< 0.001*
0.005*
0.007*

1
6
6

147.02
1.86
1.76

< 0.001*
0.104
0.125

1
6
6

53.42
2.39
4.59

< 0.001*
0.040*
< 0.001*

1
6
6

197.43
5.02
1.47

< 0.001*
< 0.001*
0.207

df

χ2

p

1

325.92

< 0.001*

1

44.48

< 0.001*

Pr(F )

5–10 ind. 1000 m–2 in June–August and 1 ind. 1000 m–2
in September– November at the fished site; p < 0.001).
Reference site abundance decreased in November (p <
0.001). The low vulnerability burrowing scavengers
with large size and long life span (Group 6e) had high
population resilience. This was the most abundant
group in the community (i.e. 40–100 ind. 1000 m–2 average at fished and reference sites), with significantly
higher number of organisms at the fished site (p =
0.022).
Rare epifaunal organisms (1% of the overall abundance) included sedentary or sessile surface filter feeders (the Cnidarians Alcyonium palmatum and Veritillum cynomorium), and fragile large deposit feeders,
represented by the sea urchins Schizaster canalifera
and Brissopsis atlantica.

Responses of infaunal functional groups to fishing
activity
Abundances of the infaunal functional groups
(Table 3b) were analysed to test for significant differences between fished and reference sites and between
cruises (Fig. 5). Table 4b includes the predicted and
observed response of infaunal functional groups to
trawling disturbance.
The highly vulnerable organisms, represented by
sedentary surface filter feeders with shells or scales
(Group 1i), were generally less abundant at the fished
site (i.e. 15–80 and 50–120 ind. m–2 at the fished and
reference sites, respectively; p < 0.001). The abundance followed a seasonal pattern at the reference
site, decreasing at the end of summer and autumn (p
< 0.001). Fished site abundance increased during the
fishing closure and during the high fishing activity
cruise in September (p < 0.001). The low abundance
and high variability between cruises hindered detection of significant patterns by analysis of variance of
the high motility taxa (Group 2i). Vermiform surface
deposit feeders of moderate vulnerability (Group 3i)
were significantly more abundant at the reference site
in the June and July cruises (p < 0.001). The abundance decreased in August and increased again in
November (i.e. 100–250 ind. m–2 at reference site, and
60–180 ind. m–2 at fished site; p < 0.001). The density
of low vulnerability motile surface deposit feeders
(Group 4i) was low and patchy, which again hindered
the detection of significant patterns by the analysis of
variance. Sedentary vermiform subsurface deposit
feeders (Group 5i) were the most abundant organisms
in the community (i.e. 250–750 ind. m–2 average at
fished and reference sites) and exhibited significantly
higher densities at the reference site in the June and
July cruises (p < 0.001); densities decreased at the end
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Fig. 5. Mean abundances (± SD) of infaunal functional groups at fished and reference sites in survey cruises from June 2003 to
June 2004. See Table 3 (b) for details of the 9 groups

of the fishing closure (p = 0.005). At the fished site this
variability was not detected. Motile subsurface
deposit feeders, with long life span and moderate vulnerability to trawling (Group 6i), were significantly
more abundant at the fished site (p < 0.001), and the
number of individuals was constant during the study
period (i.e. 65–120 ind. m–2 at fished site and 20–40
ind. m–2 at the reference site). Sedentary subsurface
deposit feeders, with shell or scales body design and
life span longer than one year (Group 7i), although
predicted to be vulnerable to trawling, were more
abundant at the fished site (i.e. 50–120 ind. m–2 at
fished site and 30–70 ind. m–2 at reference site; p <
0.001). Motile surface carnivores (Group 8i) were significantly more abundant at the reference site (i.e.
50–70 ind. m–2 at reference, and 10–25 ind. m–2 at
fished site; p < 0.001), decreasing at both sites in

November and June 2004 cruises (p < 0.001). As predicted, burrowing carnivores (Group 9i) were significantly more abundant at the fished site (140–200 ind.
m–2 at fished and 40–90 ind. m–2 at reference site; p <
0.001).
Rare infauna included the tube dwelling polychaetes
(Pectinaridae, Terebellidae and Serpulidae). These
organisms were found mostly at the reference site.

DISCUSSION
Responses of functional groups to fishing activity
Trawling disturbance modified the functional components of the benthic community from the Sant Carles
de la Ràpita fishing ground. Functional group analyses
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differentiated infaunal and epibenthic communities in
the fished and reference sites, confirming the sensitivity of the functional traits to trawling disturbance and
the potential of benthic communities for functional
changes, even when species richness is low. Patterns
were apparent in spite of the dominance of organisms
with low or medium vulnerability to trawling. The most
abundant functional groups occurred at equal densities in the fished and reference sites. The epifaunal
community in the fishing ground had a high abundance of small deposit feeders and predators, which
avoid direct contact with the fishing gear by burrowing
into the sediments. Sedentary deep burrowing deposit
feeders dominated the infaunal community in the fishing ground. However it is difficult to ascertain if this
assemblage configuration results solely from the trawling disturbance history in the fishing ground, or if
it also represents a characteristic community from
muddy bottoms.
Muddy bottom communities from continental
shelves have been characterised previously by a predominance of subsurface deposit feeders (Roth & Wilson 1998, Pearson 2001, Pranovi et al. 2005). However,
the long history of exploitation of Mediterranean benthic communities might have selected those less vulnerable organisms adapted to frequent anthropogenic
disturbance (Dayton et al. 1995, Tuck et al. 1998,
Thrush & Dayton 2002). The lack of pristine areas with
similar characteristics to the fishing ground hampers
our ability to conclusively attribute differences in
assemblages to chronic trawling impact. Nevertheless,
the comparison of fished and reference areas highlighted other functional groups showing a positive
response to trawling disturbance. Motile burrowing
scavengers dominated the epifaunal community at
both sites, but they were significantly more abundant
at the fished site. These organisms have low vulnerability to trawling and benefit from the carrion supply in
the trawled area (Kaiser & Spencer 1994, Ramsay et al.
1998, Demestre et al. 2000). Importantly, our study
demonstrates that the increase in scavenger abundance can be more than a transient response. Among
the infaunal organisms, the motile burrowing deposit
feeders and carnivores were significantly more abundant at the fished site. Motility and burrowing behaviour proved to be important traits in determining vulnerability, as organisms that burrow deeper than the
penetration depth of the trawl gear may avoid trawling
disturbance (Philippart 1998, Ramsay et al. 1998,
Brown et al. 2005, Frid et al. 2005). These motile
deposit feeders and carnivores can therefore benefit
from the increase of organic matter available in the
sediment column in trawled areas (Frid et al. 2000).
Motile predators and sedentary filter feeders distinguished the undisturbed epifaunal community, while

the infaunal community was differentiated by a
higher abundance of surface organisms. This undisturbed area has not been trawled for 20 yr, suggesting
that these organisms are sensitive to fishing activities.
The highly vulnerable filter feeding epifauna were
significantly more abundant in the undisturbed area,
with densities in the fished site of < 2 ind. 1000 m–2.
This group is represented by large and slow growing
sedentary organisms predicted to have little resilience
to trawling activities (Hill et al. 1999, Jennings et al.
2001, Blanchard et al. 2004). Filter feeding sedentary
infauna living on surface sediments also proved vulnerable to fishing activities, as significantly higher
densities of these organisms were recorded in the
undisturbed area. These results agree with predictions that filter feeders can be highly affected by
trawling, due to increased suspended sediment concentrations (Caddy 1973). The undisturbed infaunal
community also had significantly higher abundances
of motile carnivores and vermiform sedentary deposit
feeders living within surface sediments. When taking
into consideration their biological traits, these organisms were expected to be less vulnerable to trawling,
however, their surface position increases vulnerability
to fishing disturbance (Bergman & Hup 1992). The
large motile predators were also significantly more
abundant in the undisturbed epifaunal community.
These results confirm the suggestion that some fish
species are driven out of heavily fished areas, which
become dominated by more opportunistic scavengers
(Collie et al. 1997, Bozzano & Sarda 2002, Blanchard
et al. 2004, Daan et al. 2005). However, it is important
to note that the fish driven out of heavily fished area
are the target species of the trawling fleet. Regardless
of the mechanism that reduces populations of large
motile fish predators in the fishing grounds, the
higher abundance of these organisms in the undisturbed area suggests closed areas are effective as
refuges for commercial species.

Seasonality vs. fishing intensity
The seasonality observed in both epifaunal and
infaunal communities matches the description by
Sardá et al. (1999) of Mediterranean community dynamics, with a decrease in faunal abundance at the
end of summer and during autumn. The most abundant epifaunal organisms followed a seasonal pattern
marked by a decrease in the numbers of individuals in
autumn (September and November). The burrowing
scavengers (opportunistic and dominant in the community) did not follow this seasonal trend. Infaunal
organisms also showed a seasonal pattern, with higher
abundance in spring and early summer, followed by a
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decrease in late summer and autumn (August and September). Sometimes, a second peak of abundance
occurred in November. In the case of the infaunal community, this seasonal pattern was generally observed
only at the undisturbed site.
These results confirm the negative effects of trawling, as the lack of seasonality can be linked to the elimination of natural variation by disturbance events (Hall
1999). The fishing ground surveyed was characterised
by variability in the trawling fleet activity regimen:
high fishing effort from September to February, low
effort from March to June, and a 2 mo fishing closure
in July and August. The decrease in the number of epifaunal organisms in September and November coincided with the highest fishing effort in the area. Unfortunately, as the number of individuals decreased
equally at both sites, no correlation with the fishing
activity can be established.
The reference site corresponds to a small portion of
the fishing ground that remains un-trawled, but it is
otherwise surrounded by intense trawling activity.
Therefore, it is difficult to eliminate indirect influences
of trawling activity, operating through effects on the
supply of colonists or increases in turbidity (Hill et al.
1999, Palanques et al. 2001). The close correlation
between the fishing regimen and biological seasonality imposes a further difficulty in comparing the fished
and reference areas. Low fishing activity and the fishing closure occur during spring and summer, whereas
high fishing activity is undertaken in autumn months.
Mediterranean communities are characterised by an
increase of the number of individuals in spring and a
sharp decrease at the end of summer and autumn,
coinciding with the highest levels of fishing activity.
However, some organisms showed specific temporal
responses to trawling activities in the study area. The
motile surface epifaunal scavengers underwent a
sharp decrease of abundance during the period of high
fishing effort in the fished area. In contrast, the less
vulnerable motile burrowing scavengers were abundant even during the high effort season. No infaunal
organisms showed a significant response to the temporal changes in fishing activity regimen. Intense fishing
in this portion of the continental shelf might have
resulted in adapted communities less sensitive to the
activity levels (Thrush et al. 1995, Sanchez et al. 1998,
Auster & Langton 1999, McConnaughey et al. 2000).

Functional traits shift: relevance to community
function
Burrowing scavengers dominated the epifaunal
community, and responsed positively to fishing activities. The infaunal community was dominated by deep
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burrowing deposit feeders, and at the fished site,
which was characterised by a lack of seasonality, there
was a higher abundance of motile burrowing organisms. The undisturbed site contained higher functional
diversity, with more epifaunal sedentary suspension
feeders and large predatory fish, and a higher number
of surface infauna living within tubes. The results support the predictions that opportunistic traits are beneficial in disturbed areas (Dayton et al. 1995, Bremner et
al. 2005). In contrast, those traits predicted to be more
vulnerable to fishing activities were more abundant in
the undisturbed area, presumably because the organisms with these functional characteristics were unable
to withstand frequent trawling disturbance. The
organisms that respond negatively to trawling disturbance can be considered better indicators than opportunistic species, which tend to adapt easily and
respond weakly to disturbance (Frid 2003). The fragile
sea urchins Schizaster canaliferus and Brissopsis
atlantica, several sessile surface filter feeders (e.g. the
Cnidarian Alcyonium palmatum), and surface sessile
polychaetes living in tubes were rare organisms in the
fishing ground. These organisms are considered
highly vulnerable to trawling, and considerably reduced in abundance by fishing activities (de Groot
1984, Kaiser & Spencer 1994, Hill et al. 1999, Kaiser et
al. 2000, Wassenberg et al. 2002). Focusing on these
organisms, we gain knowledge about the most sensitive functional traits, which may have been eliminated
from heavily fished continental shelves. However,
despite their low abundance these organisms can play
an important role in ecosystem functioning, and
increase the functional diversity of the community,
which is important for ecosystem resilience.
The dominance of opportunistic traits in the benthic
community from the fishing ground might have led to
an alternative stable state, with organisms adapted to a
frequent disturbance regimen (Auster & Langton
1999). Nevertheless, it is difficult to know the larger
implications of the shift in functional traits for ecosystem functioning (Thrush & Dayton 2002). Focusing on
the response of those traits that proved to be sensitive
to trawling activities might help in understanding
changes observed in chronically impacted communities. Functional traits reflect organism–habitat relationship and the ability of species to endure disturbance events or to move (Fauchald & Jumars 1979,
Roth & Wilson 1998, Pearson 2001, Frid et al. 2005). In
our study, scavengers appeared to replace the less
opportunistic predators. This could have important
implications for overall benthic community composition and alter predator–prey relationships (Bozzano &
Sarda 2002, Thrush & Dayton 2002, Piet & Jennings
2005). Predatory fish are a target for the trawling fleet,
and the higher abundance of these organisms in the
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undisturbed area may indicate that this area better fulfils the habitat requirements of these organisms. Fragile organisms like sea urchins, or large sedentary filter
feeders, although generally at low densities, also
appear to have been replaced by burrowing motile
epifauna. The elimination of such large organisms
leads to reduction of habitat structure, with implications for community diversity. Moreover, these organisms can have important roles in bioturbation and
nutrient flux at the sediment –water interface (Dayton
et al. 1995, Thrush et al. 1995, Auster et al. 1996, Widdicombe et al. 2000, Wassenberg et al. 2002, Lohrer et
al. 2004). The dominance of relatively small organisms
is probably an adaptation to frequent trawling disturbance, which implies the elimination of large slow
growing organisms (Philippart 1998, Roth & Wilson
1998, Rumohr & Kujawski 2000). The infaunal community from the fished area was characterised by a lack of
seasonality, which confirms the organisms’ adaptation
to disturbance events and environmental variability.
The intensively exploited continental shelf holds a
highly homogeneous benthic community dominated
by opportunistic organisms. Nevertheless, despite the
small size of the reference area in the middle of this
heavily trawled fishing ground, the functional trait
analysis detected important differences amongst the
benthic assemblages found in the fished and reference
areas.
Community homogenisation and reduction of complexity can result in the loss of ecological function
(Thrush & Dayton 2002). Moreover, these changes in
benthic communities can have further consequences
for benthic invertebrates and commercial species, as
habitat structuring fauna can provide refuge and protection from predators for numerous benthic organisms
and juveniles of commercial species (Kaiser et al.
2000). We also highlight the importance of considering
‘rare organisms’ in chronically disturbed communities
to provide information about the more sensitive functional components of the community. We propose a different approach focused on functional components
analysis, and the necessity of understanding the ecology of disturbed communities. Managers aiming to
protect target species must consider these ecosystem
function implications.
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