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INTRODUCTION

With the overexploitation of many demersal fish
stocks, fishers have moved increasingly from targeting
traditional finfish species to alternative target species
such as shellfish (Pauly et al. 1998). Between 1994 and
2009, UK landings of scallops increased by 58% from
14 to 34 thousand tonnes, while for the same period,
landing of cod and haddock deceased by 67 and
61%, respectively (Marine Management Organisation
2009). While this increase in UK scallop landings is
related to an increase in the number of vessels partici-
pating in this fishery following the decline of major
white fish stocks, there has been a recent upward
trend in scallop recruitment that may be climate
related (Shephard et al. 2010). In Northern Europe,
scallops are a non-quota species that have a high con-
sumer demand and hence a high economical value.
The latter means that harvesting scallops with dredges
is more profitable than harvesting demersal fish spe-
cies using otter or beam trawls (Abernethy et al. 2010).

Within UK waters and elsewhere, increased fishing
effort from scallop dredging has led to concerns over
the status of local stocks and the ecological impacts of
this activity on associated habitats and communities
(Hall-Spencer & Moore 2000, Kaiser et al. 2000, Blyth
et al. 2004). Scallop dredging necessitates the use of
heavy dredges that are dragged across the seabed and
has been identified as one of the most damaging fish-
ing activities in relation to benthic habitats and species
(Kaiser et al. 1996, 2006, Hall-Spencer & Moore 2000,
Jenkins et al. 2001). Emergent epifauna, sessile orga -
nisms that live attached to the substratum such as
sponges, erect bryozoans or anemones, are particu-
larly likely to be impacted by scallop dredging, espe-
cially if they are long-lived, slow-growing species with
fragile bodies (Guijarro Garcia et al. 2006).

Scallop fisheries in the UK target 2 species, the king
scallop Pecten maximus and the queen scallop Ae-
quipecten opercularis. Fishing activity for these species
is generally restricted to well defined areas of the
seabed due to habitat associations and possibly the lar-
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val supply dynamics of scallops. In general, both spe-
cies of scallops co-occur on gravel or mixed substrata,
but also can occur on mud and harder seabed types
(Shumway & Parsons 2006). The fauna associated with
gravel and rocky habitats are known to be sensitive to
bottom dredging and are likely to have prolonged re-
covery times >5 yr, compared with shallow sandy
seabed habitats where recovery can occur in <1 yr
(Dernie et al. 2003, Kaiser et al. 2006). Evidence from
previous studies of fishing impacts on biogenic habitats
(such as maerl beds) have demonstrated significant ef-
fects of scallop dredging on epibenthic species (Hall-
Spencer & Moore 2000, Kaiser et al. 2006). However, to
date, no studies have examined the effects of scallop
dredging on temperate rocky reefs. Moreover, while
there is considerable conservation concern regarding
the sensitivity of reef fauna in relation to fishing distur-
bance, there remains little empirical evidence that
would inform quantitative predications regarding the
effects of fishing disturbance on such habitats.

The present study investigated the direct effects of a
scallop dredge fishery on a temperate reef habitat off
the south west coast of the UK (Lyme Bay, Dorset). The
reef is associated with several species of conservation
concern, in particular the pink sea fan Eunicella verru-
cosa. In the present study we investigated the effects of
scallop dredging by a local fishing fleet on epibenthic
species associated with the reef habitat. Areas that
were fished and unfished were compared. Additionally
the implementation of the voluntary closure of 4 areas
within the reef system of Lyme Bay between Septem-

ber 2006 and August 2008 provided an opportunity to
evaluate the positioning of these reserves with respect
to their conservation potential for selected species.
Furthermore by sampling across several time periods
at sites within the voluntary closures (reserves) and in
adjacent areas (open to fishing), the potential recovery
of species could be examined.

We sought to answer 3 separate questions: (1) What
were the effects of past fishing activity on the abun-
dance (or presence) and size of the selected epibenthic
species? If species were affected by past fishing events,
did fished sites exhibit significantly lower abundances
of selected epibenthic species compared to non-fished
sites? (2) Did the voluntarily closed areas protect an
adequate proportion of the species of conservation
concern? For the latter to be true, the abundance of
sensitive species was expected to be significantly
higher within reserve areas compared to areas beyond
the boundaries of the reserves. (3) Were there any sig-
nificant differences in the abundances of key species
at 7 and 12 mo after the implementation of the closures
that indicated recovery? Recovery is significant if
higher abundances of epibenthic species are evident
after 12 mo within the reserves compared to areas that
remained open to fishing.

MATERIALS AND METHODS

Background information on the study area. The
study area in Lyme Bay (Dorset, UK; Fig. 1) is charac-
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Fig. 1. Map of sampling sites resembling the experimental design adopted to monitor changes in epibenthic fauna within the
marine reserve areas A, B, and D implemented between September 2006 and July 2008. Also shown is the current boundary of 

the reserve which came into force in August 2008. MPA = marine protected area



Hinz et al.: Effects of scallop dredging

terized by a limestone pavement seabed with overlay-
ing and interspersed areas of mixed sediments. It thus
represents a heterogeneous mosaic of alternating sub-
stratum types at small spatial scales. Due to the preva-
lence of rocky reef, this habitat complex has been
identified as a temperate rocky reef under the Euro-
pean Communities habitat directive Annex I (Natural
England 2010). The complexity of the habitat is mir-
rored by the diversity of emergent sessile fauna, some
of which represent protected species, such as the pink
sea fan Eunicella verrucosa and the sunset cup coral
Leptopsammia pruvoti. Both of these species are
included in the United Kingdom Biodiversity Action
Plan (BAP) and are therefore considered by Natural
England (UK Government statutory conservation
agency) to be at risk in terms of the viability of their
populations within UK waters. Other emergent epi-
fauna of ecological significance, in terms of their con-
tribution to habitat structure, have also been found
associated with the reef, such as the bryozoan Penta-
pora fascialis, the soft coral Alcyonium digitatum and
the erect sponge Axinella dissimilis.

In an initial attempt to achieve the conservation of
this sensitive reef community and to protect a propor-
tion of the breeding population of scallops, fishermen
agreed to voluntarily concede some areas that had tra-
ditionally been fished. This resulted in the closure of
4 areas within the Lyme Bay reef area to scallop dredg-
ing in September 2006. The areas remained open for
static gear fisheries that targeted crab, lobster and
whelk. Static gear fishing activity increased within the
closed areas following the exclusion of scallop dredg-
ing. Nevertheless, static gears are considered to have
minimal direct impact on emergent epifauna (Eno et al.
2001). The identification of the 4 areas that were vol-
untarily closed to scallop dredging was based on the
known distribution of pink sea fan Eunicella verrucosa
(the primary species of conservation concern), as
ascertained from a number of previous ad-hoc surveys
and fishing industry knowledge. In August 2008, the
4 areas under voluntary closure were incorporated
within a larger marine protected area (MPA) excluding
all mobile fishing gears (Rees et al. 2010), which at that
point effectively terminated our investigation into the
long-term development of the 4 voluntary closed areas,
comparing them with outside areas that remained
open to towed fishing activities (i.e. all towed fishing
activity was removed from across our study site).

Experimental design. The experimental design adop -
ted by this study was also intended to provide the base-
line from which to quantify the long-term reco very of
the epibenthos within the 4 voluntary closed areas
(hereafter called ‘reserves’) that were previously im -
pacted by scallop dredging. For this purpose, areas
both inside and outside the reserves with different past

dredging regimes were identified. In other words, we
located areas within the reserves that had previously
been fished and also areas that had not. This exercise
was repeated for areas outside the reserves. Further-
more, data from a multi-beam echo-sounder survey of
the seabed was used to ensure that the selected sites
were located over the reef habitat. Thus, each reserve
was allocated 2 main fixed treatments both with 2
 levels: (1) Protection, i.e. stations inside the reserves
(Closed) and outside (Open); (2) Past Fishing Activity,
i.e. stations that had been fished prior to the implemen-
tation of the reserves (Fished) and stations that had
experienced no prior dredging or very low intensities
prior to the im plementation of the reserves (Not
Fished). Each treatment had 5 replicate sampling sites
that were sampled with a digital underwater video
camera. Thus, the study adopted an orthogonal factor-
ial design. Due to the small size of one of the reserves
(Reserve C, see Fig. 1), not all treatment combinations
could be allocated, namely areas inside the reserve
that had previously been dredged could not be identi-
fied in area C. To maintain a balanced design, only the
3 larger reserves (A, B and D, see Fig. 1) were consid-
ered within the experimental design, while sites inside
and outside the reserve area C were sampled to obtain
complementary data. The reserves were not consid-
ered as a separate factor and data was analyzed in a
pooled approach. We adopted this approach because
the present study was primarily concerned with the
effects of fishing, protection and time for the whole
area rather than focusing on differences among
reserves. Furthermore, the spatial independence of
sampling sites outside the reserves (in relation to their
association with a particular reserve) could not be
assured and therefore a more appropriate approach
was to pool the data.

The studied sites were sampled during 2 separate
surveys, the first survey occurred at the end of March
2007, ~7 mo after the implementation of the 4 volun-
tary reserves. The second survey was conducted 5 mo
after the first survey in August 2007. Thus, the entire
study spans a period of 7 and 12 mo post fishing, which
is unlikely to be sufficient for full recovery of the com-
munities associated with reefs in terms of biomass, but
may be adequate to record the start of recovery in rela-
tion to the abundance of taxa or species richness.

Past fishing effort. Scallop-dredge fishers voluntar-
ily provided high-resolution continuously recorded
track plots from fishing tows conducted in the area
between the years 2000 and 2006. In total, track plots
from 5 boats were made available that represented
~12% of the local fleet. This data provided an unprece-
dented resolution of fishing activity compared to vessel
monitoring systems (VMS) that record at intervals of
once every 2 h (Dinmore et al. 2003). The trawl tracks
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provided were judged by the local fishermen’s associ-
ation (South Western Inshore Fishermen’s Association
[SWIFA]) to be representative of the general effort dis-
tribution with respect to spatial coverage and relative
fishing intensities. Fishing effort in this study area was
expressed as the number of times a 500 × 500 m area
was dredged from 2000 to 2006, and was calculated
within a GIS assuming a standard width of a gang of
scallop dredges of 8 m (assumed gear configuration of
2 × 4 Newhaven dredges). The track plot data were
cross-checked by correlating them with vessel sight-
ings of the whole fleet collected by fisheries patrol air-
craft of the UK’s Marine Fisheries Agency from the
same area and period. A significant correlation be -
tween the 2 data sets (Spearman’s rank: n = 60, rS =
0.478, p < 0.001) was found and provided independent
validation that the data provided by fishermen accu-
rately described general fishing patterns and spatial
coverage. Overall, the track plot data was considered
to be more precise both spatially and temporally at
smaller spatial scales compared to vessel sightings by
the fisheries patrol aircraft. The track plots represent
continuous accurate positions of individual vessels. In
contrast, fisheries patrol aircraft sightings and VMS
data provide only a snapshot of vessel positions at
longer time scales (twice monthly and 2 h intervals,
respectively) that consequently has a lower spatial
accuracy. VMS was only available for the larger ves-
sels >15 m from 2005 onwards and was therefore
judged insufficient for a comparison with the track plot
data, as the majority of vessels fishing in the area
did not carry VMS for the relevant period.

Video transects to sample fauna and substratum.
Sampling was conducted using an underwater video
system mounted on a sled with the camera positioned
facing the seabed at a 45° angle from a horizontal posi-
tion. At each sampling site, a video sled was towed at a
speed between 0.5 and 0.8 knots (0.26 and 0.41 m s–1)
for ~10 min in a more or less straight line along the
seabed. The start and end positions of each tow were
recorded from the moment the sledge had reached the
sea floor to the point when the sledge lifted off the
seabed during hauling. The field of view of the video
image covered approximately 409 × 304 mm and was
recorded to DVD. Video transects of the second survey
were positioned as close as possible to the original
transects of the first survey. However, due to the wind
and tide it was not possible to position the ship and
sledge precisely over the same transect, and the loca-
tions of tows differed between the 2 surveys by ~50 to
200 m.

Abundances and sizes of 9 epibenthic species were
recorded from video tow samples, 5 species of emer-
gent sessile epifauna, the pink sea fan Eunicella verru-
cosa, the calcareous bryozoan Pentapora fascialis (ross

coral), the erect sponge Axinella dissimilis, the soft
coral Alcyonium digitatum (dead men’s fingers) and
the tunicate Phallusia mammillata, and 4 epibenthic
species of commercial interest, the scallops Pecten
maximus (king scallop) and Aequipecten opercularis
(queen scallop), and the crabs Cancer pagurus (edible
crab) and Maja squinado (spider crab). Abundance
data was standardized to tow length. The average size
of a species was calculated for each individual tow.
Size measurements were conducted from freeze-
framed video images, and only organisms that were at
the same level plane within the field of view of the
camera (i.e. same distance from camera) and that had
the same orientation were selected for size measure-
ments. This approach increased the comparability of
our measurements. Thus for example, organisms in the
background or at an extreme angle to the camera were
not selected for measurement. Organisms that were
only partly seen within frames were included by esti-
mating their size taking advantage of their bilateral
symmetry. A bias towards small individuals can be
excluded as the size of organisms studied was well
inside the frame size of the video. Pink sea fans and
spider crabs were the largest organism recorded and
in all cases their size could be either measured or esti-
mated. A scaled reference image, including objects of
known size, was used to convert measurements to a
metric scale. Both height and width were measured for
emergent epifauna, while for scallops, the 2 widest
points of the shell on the horizontal plane where mea-
sured. For the 2 crab species, the carapace width and
horizontal height were measured. A relative measure
of size was calculated for each species by multiplying
width and height (surface area, cm2). In addition to
recording species abundance, the occurrence of indi-
viduals over specific substratum types was recorded to
determine associations with different substrata. A total
of 6 different substratum categories were recorded
through visual classification: (1) sand (0.25 to 2 mm), (2)
gravel (>2 to 64 mm), (3) gravel with cobbles (>64 to
256 mm), (4) sand and cobbles, (5) gravel with cobbles
and boulders (>256 to 4096 mm), and (6) rocky reef.
Rocky reef was defined as substratum composed of
bedrock, large boulders or boulder fields.

Statistical analysis. Assessing differences in sub-
stratum type and past fishing effort among treatment
groups: The recorded substratum types of replicate
treatments were compared using multivariate statistics
and by using the PERMANOVA routine (Anderson
2001) in PRIMER v.6. The analysis was based on a
Bray-Curtis similarity matrix calculated from the per-
centage cover of the different substratum types. The
PERMANOVA test performed was a full 3-way fac -
torial design with interaction terms (Anderson et al.
2008). The following fixed factors were used: (1) Pro-
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tection, 2 levels; inside ‘Closed’ and outside of the
reserves ‘Open’, (2) Fishing, 2 levels; ‘Fished’ and ‘Not
fished' (mean ± SD times dredged between 2000 and
2006 within ‘Fished’ areas = 1.01 ± 0.48 and within ‘Not
fished’ areas 0.07 ± 0.06), (3) Time, 2 levels; March and
August cruise. Significant effects of treatments were
further analyzed with the SIMPER routine of Primer v.6
to determine which habitat types contributed most to
the observed differences.

Effects of protection, past fishing events and survey
on epifauna abundance: The effect of protection, past
fishing events and time on the abundance of sensitive
epifaunal species and target species were analyzed
within Generalized Linear Models (GLMs) reflecting
the factorial design described in the above PERM -
ANOVA analysis on sediment types. The GLM ap-
proach is particularly appropriate for count data, as
 collected by this study, which tends to follow Poisson or
negative binomial error distributions (Zuur et al. 2009).
Six of the 9 species were analyzed using negative bino-
mial distributions with a log link function after check-
ing for overdispersion under Poisson and negative bi-
nomial error distributions (Lindsey 1999). GLMs were
performed in R utilizing the MASS package. The mod-
els included the length of each video tow as an offset
term to standardize count data to tow length (sampling
effort). Non-significant interaction terms and factors
were sequentially dropped from the full model to attain
an optimal model for each species. A precise descrip-
tion of procedures adopted can be found in Zuur et al.
(2009). Significance testing of main effects and inter -
actions was conducted by fitting individual terms se-
quentially to form the optimal model in a hierarchical
approach. The contribution of each effect to the ex-
plained deviance was tested by the χ2-test (p-values).

Cancer pagurus, Maja squinado and Phallusia mam-
millata were generally rare species and had high fre-
quencies of zero values (52 to 85%) and thus did not
conform to Poisson or negative binomial error distribu-
tions. The data was therefore transformed to presence
and absence data and analyzed utilizing a model with
a binomial error distribution with a logit link function.
The same modelling procedures as outlined for the
negative binomial distributions (see above) were adop -
ted for these data.

Effects of fishing intensity on size of epifauna: As
not all individuals seen within the video footage could
be used for size measurements (see ‘Video transects to
sample fauna and substratum’) the availability of size
data was limited. To attain a sufficient number of
 measurements to calculate average sizes per site, data
from both cruises was pooled by site. Only sites with
3 or more measurements were considered in the
final analysis. Regardless of pooling there were too
few measurements to enable a valid comparison for

Axinella dissimilis, Cancer pagurus, Maja squinado
and Phallusia mammillata. The relationship between
fishing intensity and body size of the observed benthic
organisms was explored using least square regres-
sions. Measurements were too sparse for a factorial
design including all 3 main factors as performed on the
abundance data.

Habitat association of epifauna: We examined habi-
tat associations with the 9 species studied. The analysis
aimed to compare the substratum association of Pecten
maximus and Aequipecten opercularis (the target spe-
cies) with those of sensitive emergent epifaunal spe-
cies in order to evaluate the degree of overlap between
target and non-target species in relation to seabed
habitat type. Only data from sites that were not fished
were used to thereby exclude any confounding effects
of fishing activities (this analysis included the sites sur-
veyed within Reserve C). The occurrence data were
converted to percentages and analyzed within a
Euclidean distance dissimilarity matrix to determine
dissimilarities and conversely similarities in the sub-
stratum preference of the studied species.

RESULTS

Differences in substratum type and fishing effort
among treatment groups

The PERMANOVA analysis showed that there was
no significant difference in substratum type composi-
tion of video transects conducted inside and outside
the reserves nor for sites that were fished and those
that were not fished in the past. However, a significant
effect was detected for date when sampling occurred
(p < 0.05). The latter indicated that the 2 surveys dif-
fered in the proportions of substratum types sampled.
The SIMPER analysis showed that the 2 substratum
types that contributed most to this difference were
rocky reef cover and sand and cobble cover (cumula-
tive contribution to the dissimilarity 46.9%). The per-
centage of rocky reef surveyed in August (average
cover 31.35%) was higher compared to that surveyed
in March (average cover 27.44%). Similarly, video
transects undertaken in the March survey showed a
higher percentage of sand and cobbles (average cover
14.23%) compared to August (average cover 19.91%).
These differences, though significant, seem minor (i.e.
a difference in rocky reef of 4%) and may be a result of
slight variations in the position of the sampling tran-
sects or of seasonal differences related to sediment
transport. It is possible that winter storms covered
some sites with sand during the March survey, leading
to an overall lower recorded cover of rocky reef. Large
extents of rocky reefs are composed of flat bedrock
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that, when covered with a thin veneer of sand, can eas-
ily be misclassified. The detected difference in sedi-
ment type between the 2 surveys confounded the
interpretation of faunal abundance changes related to
time. Reported temporal changes need to be evaluated
against this background.

Effects of past fishing events, protection and time on
epifauna abundance

The abundance of dead men’s fingers Alcyonium
digitatum, and ross coral Pentapora fascialis were sig-
nificantly lower at fished sites (Table 1, Fig. 2) com-
pared to non-fished sites, a trend that was consistent
throughout the 2 sampling events (Fig. 2). The abun-
dance of P. fascialis and Alcyonium digitatum were 73
and 67% lower, respectively at fished sites compared
to non-fished sites. The presence of the erect sponge
Axinella dissimilis was significantly higher at non-
fished sites compared to fished sites (Table 1). Its pres-
ence at fished sites (occurrence 15%) was approxi-
mately half that of non-fished sites (occurrence 33%).

Reserve placement had a significant effect on the
abundance of Alcyonium digitatum, Eunicella verru-
cosa and Pentapora fascialis (Protection; see Table 1,
Fig. 2). The abundances of Alcyonium digitatum and
E. verrucosa were 3.9 and 3.4 times higher inside com-
pared to outside reserve areas (Fig. 2). The presence
of Axinella dissimilis and Maja squinado was signifi-
cantly higher at sites that lay within the reserves com-
pared to sites outside the reserves (1.9 and 2.2 times, re-
spectively; Table 1, Figs. 2 & 3). These results indicated
that the reserves were not placed randomly but incor-
porated higher densities of these respective species
compared to areas outside the reserves. No significant
effect of protection was detected for the 2 scallop spe-

cies  Aequipecten opercularis, and Pecten maximus and
the tunicate Phallusia mammillata (Table 1, Figs. 2 & 3).

The abundances of the ross coral Pentapora fascialis
and the tunicate Phallusia mammillata were signifi-
cantly higher in August compared to March (Table 1,
Fig. 2), as were the occurrences of Axinella dissimilis
and Cancer pagurus (2.6 and 3.2 times higher, respec-
tively; Table 1).

None of the 9 species demonstrated a significant
interaction between Protection and Time that could
have been interpreted as a recovery response. How-
ever, significant interactions between Fishing and
Time were observed for the abundances of Alcyonium
digitatum and Pecten maximus (Table 1). Between
March and August, the abundances of both species
decreased within areas previously fished while the
opposite trend was apparent within non-fished areas
(Figs. 2 & 3).

The queen scallop Aequipecten opercularis did not
show a significant response to any of the 3 main
explanatory factors (Fishing, Protection and Time) or
their interaction terms. Results for this species were
therefore not included in Table 1.

Effects of fishing intensity on size of epifauna using
regression analysis

Investigation of the effect of fishing intensity on the
size of selected epifauna using least squares regression
gave a significant negative response for Alcyonium
digitatum (Table 2). The regression slopes of the 2 scal-
lop species Aequipecten opercularis and Pecten max-
imus, as well as for the ross coral Pentapora fascialis,
were negative while the slope of the pink sea fan Euni-
cella verrucosa did not show any noticeable trend
(Table 2).
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Species Null df Residual df Fishing Protection Time Time × fishing
deviance deviance Deviance p Deviance p Deviance p Deviance p

N.b. model
A. digitatum 186.1 (119) 129.8 (115) 20.55 <0.001*** 27.15 <0.001*** 0.54 0.461 8.06 0.004**
E. verrucosa 128.6 (119) 119.2 (118) 9.45 0.002**
P. fascialis 134.6 (119) 106.6 (118) 13.21 <0.001*** 6.31 0.012* 8.5 0.003**
P. mammillata 135.6 (119) 91.1 (118) 44.51 <0.001***
P. maximus 142.7 (119) 132.5 (116) 3.62 0.057 2.22 0.136 4.36 0.036*

Bi. model
A. dissimilis 135.2 (119) 113.9 (116) 5.39 0.020** 5.19 0.023** 10.64 0.001**
C. pagurus 101.9 (119) 94.2 (118) 7.69 0.005**
M. squinado 132.7 (119) 125.5 (118) 7.17 0.007**

Table 1. Results of the generalized linear models of abundance of epibenthic species studied, showing the degrees of freedom
(df), explained deviance by factor and interaction, and p-values (χ2-test). Factors and interactions included for each species
 represent the optimal model (see ‘Materials and methods: Statistical analysis’). See Figs. 2 & 3 for full species names. N.b. = 

negative binomial, Bi. = binomial, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001
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Habitat association of epifauna

The percentage occurrence data of individuals found
over specific substratum types showed that substra-
tum associations differed considerably among species

(Fig. 4). The dissimilarity matrix demonstrated that the
target species Pecten maximus and Aequipecten oper-
cularis occurred over very different substratum types
compared to Eunicella verrucosa. Both target species
had dissimilarities of 73 and 91% respectively in rela-
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Fig. 2. Abundance (±SE) of selected emergent epifauna at sites outside (Open) and inside (Closed) the reserves and at sites fished
in the past (Fished) and unfished (Not fished). Surveys were conducted in March (light grey) and August (dark grey) 2007. 

Graphs do not reflect the design of the ANOVA analysis
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tion to the substratum associated with E. verrucosa
(Table 3). E. verrucosa occurred predominantly over
rocky reef while the dominant substratum type for
P. maximus was sand with cobbles, and sand for
A. opercularis (Fig. 4). Alcyonium digitatum and E.

verrucosa were associated with similar substrata
(Fig. 4). The remaining species all showed a greater
resemblance in their proportional occurrence over
substratum types to P. maximus (Table 3). In contrast,
A. opercularis had dissimilarities of more than 65% for
these species, which indicated that it occupied a very
different set of substratum types than all other species
examined in this study.

DISCUSSION

Effects of fishing on the reef fauna

Within the present study, we investigated the effects
of an active scallop fleet on temperate reef epifauna.
Scallop dredging had a detectable effect on the abun-
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Species R2 Intercept Slope df F p

A. digitatum 0.24 1.17 –0.31 1, 25 7.95 0.009
A. opercularis 0.15 1.36 –0.17 1, 19 3.43 0.079
E. verrucosa 0.01 1.58 0.01 1, 23 0.01 0.968
P. fascialis 0.09 2.07 –0.16 1, 16 1.67 0.214
P. maximus 0.05 1.64 –0.31 1, 52 3.07 0.086

Table 2. Least square linear regressions of relative fishing
effort and the size of epibenthic species. Significant results 
(p < 0.01) are highlighted in bold. See Figs. 2 & 3 for full 

species names

Fig. 3. Abundance (±SE) of commercial target species in the present study. Details as in Fig. 2
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dance of 3 out of 9 of the species studied. The abun-
dance of ross coral Pentapora fascialis and dead men’s
fingers Alcyonium digitatum were 73 and 67% lower
at fished sites, respectively. Similarly, the presence of
Axi nella dissimilis (erect sponge) was 54% lower at
fished sites compared to unfished sites. Furthermore,
there was evidence of the negative effects of fishing on
the body size of individual colonies of A. digitatum.
The reductions in the abundance, presence and size of
benthic fauna in relation to scallop dredging largely
concur with the findings of other studies conducted on
biogenic/gravel habitats (e.g. Collie et al. 1997, Hill et
al. 1999, Kaiser et al. 2000, Kenchington et al. 2007). In
a meta-analysis of fishing impacts, Kaiser et al. (2006)
showed that a single disturbance event from scallop
dredging caused a reduction in the abundance of taxa
of 56% in gravel habitats, while biogenic habitats
showed a reduction of 96%. However, it should be
noted that some species within the present study did
not show significant responses to fishing. The abun-

dance of all 9 species combined was on average 29%
lower in fished sites compared to non-fished sites.

It was not possible to precisely quantify the fre-
quency of disturbance experienced by fished sites
within this study as only 12% of the local fishing fleet
provided fishing effort data. Average fishing activity
over fished sites was 1.01 ± 0.48 (mean ± SD) times
trawled within a 7 yr  period, which equated to 0.14
times trawled per year.  Assuming that the dredging
effort from available track plots was representative for
the remaining fleet, the overall effort may be extrapo-
lated to provide a rough estimate of fishing intensity at
fished sites. Based on this assumption, the fished sites
were estimated to have been dredged on average
1.2 times per year. This level of fishing impact approx-
imates to the once per annum  disturbance frequency
thought to be representative for most fished systems
(Dinmore & Jennings 2004) and the single impact
events described within the meta-analysis by Kaiser et
al. (2006).

For the fishing intensities estimated in this study, no
effect of dredging on the abundance and size of the
pink sea fan Eunicella verrucosa was detected. This
species is of primary conservation concern within UK
waters and is assumed to be highly sensitive to physi-
cal disturbance similar to other emergent epifauna
(Jennings & Kaiser 1998). The lack of a clear response
to fishing disturbance was contrary to expectations. No
effect was apparent despite the high sampling effort (n
= 120) of the present study and the relatively common
occurrence of E. verrucosa within the sampling area. A
power analysis of the sampling design showed that the
minimum effect size for the factor Fishing was 0.25 at
the conventional α-level of 0.8 (80% chance of detect-
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PM PF PhM MS EV CP AxD AO

AD 72 47 77 44 4 66 46 90
AO 48 72 68 65 91 65 69
AxD 41 5 32 7 45 26
CP 51 24 25 28 64
EV 73 45 76 43
MS 38 11 35
PhM 41 32
PF 45

Table 3. Percentage dissimilarity of species substratum asso-
ciations. Target species of the dredge fishery highlighted by 
grey shading. See Fig. 4 for abbreviations of species names

Fig. 4. Percentage occurrence of individuals of studied species over different substratum types at sites that were unfished. Num-
bers above species columns indicate the number of individuals observed. EV = Eunicella verrucosa, AD = Alcyonium digitatum,
PF = Pentapora fascialis, MS = Maja squinado, AxD = Axinella dissimilis, CP = Cancer pagurus, PM = Pecten maximus, PhM = 

Phallusia mammillata and AO = Aequipecten opercularis)
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ing a difference if it was present) and β-level of 0.05.
Considering the pooled standard deviations of fished
and unfished sites (±94.5 SD), the sampling design
should have been able to detect a minimum average
difference of 23.5 ind. 100 m–2 or a reduction of 55%
from unfished to fished sites. This result supported the
notion that the sampling design was sensitive enough
to reliably detect broad scale changes on the magni-
tude detected for some of the other selected species. It
therefore has to be concluded that E. verrucosa was
less susceptible to fishing than previously assumed
within the context of this study. E. verrucosa was found
to be mainly associated with rocky reef substratum
composed of bedrock or larger sized boulders repre-
senting topographically complex habitats. It can be
expected that the impact of scallop fishing gear is more
severe on flat areas of seabed where the gear would
remain in continuous contact with the seabed. In con-
trast, within topographically more complex substrata,
i.e. composed of large boulders or bedrock slabs, the
impact of the scallop gear may be reduced as contact
with the seafloor will be erratic, with scallop dredges
bouncing over boulders and crevices on the seafloor.
This will lead to a proportion of unimpacted areas (e.g.
behind boulders or within crevices) within the swath of
a scallop dredge tow. Similarly, the flexibility of E. ver-
rucosa colonies may contribute to make this species
less susceptible to dredge damage than previously
assumed. E. verrucosa have been shown to bend when
in contact with lobster pots and to recover their posture
once the pots are lifted (Eno et. al 2001). The associa-
tion of this species with topographically more complex
substratum types together with the flexibility of its
body may provide a possible explanation for why no
fishing effects could be detected for this species at low
fishing intensities. Higher intensities of scallop dredg-
ing may however, over long periods lead to the erosion
of complex habitats, ultimately removing refuge
spaces and thus the associated fauna. For these rea-
sons, our study emphasizes the importance of the envi-
ronmental context in which fishing activities occur.

Placement of initial reserves

The main management objective in the placement of
the 4 voluntary reserves in Lyme Bay was to protect
populations of the pink sea fan Eunicella verrucosa
from the impacts of scallop dredging. The reserve
boundaries agreed with local fishermen were based on
semi-quantitative data collated from various sources
over several years, including local dive surveys and
fishermen’s knowledge. While these data represented
the best available knowledge at the time, uncertainties
remained as to whether the placement of the reserves

would meet the conservation objectives, particularly
given the biased sampling design of previous surveys.
The results of the present study support the perception
that the placement of the reserves would have met the
initial conservation objectives. Not only was the abun-
dance of E. verrucosa 3.4 times higher within reserve
boundaries but also other sensitive species such as
dead men’s fingers Alcyonium digitatum and ross coral
Pentapora fascialis had higher densities within the
reserve boundaries compared to the areas outside the
reserves (3.9 and 2.9 times higher, respectively). Simi-
larly, the presence of the erect sponge Axinella dissim-
ilis and the spider crab Maja squinado were signifi-
cantly higher within the reserves (2.2 and 1.9 times
higher, respectively). Densities of the target species
Pecten maximus were almost equal in areas outside
and within the reserves. As a result, the reserves could
have served as an effective refuge for scallop biomass
and subsequent reproductive output in the event of
scallop depletion in surrounding areas that were open
to fishing.

The success of MPAs in achieving their management
objectives has been linked to their correct placement
and to stakeholder support (Gleason et al. 2010), while
their failure has been blamed on designating areas of
convenience with the least impact on stakeholders (i.e.
fishermen) rather than on sound scientific knowledge
(Agardy et al. 2003, Roberts et al. 2003). Within the
context of the present study, the 4 initial reserves had
stakeholder support and did protect high densities of
sensitive species. Despite these findings, in August
2008 the UK Fisheries Minister (after a process of
 public consultation) took the decision to close a far
larger part of Lyme Bay to scallop dredging that in -
corporated the entire reef system including the 4 initial
reserves. The reasoning behind this larger closure
was a change in the management objectives which
now focuses on not only a single species, but on the
protection of the entire reef structure and its biodi -
versity (Rees et al. 2010). This change in management
objectives was not well publicized and consequently
led to a severe loss of trust between the UK fishing
industry and Government.

Signs of recovery

The comparison of data collected in March and
August 2007 demonstrated seasonal differences be -
tween the 2 sampling events with the abundance of
most species generally higher in August compared to
March. However, there was no significant difference in
the occurrence or abundance of epibenthic species
within the reserves compared to areas that remained
open to  fishing across the 2 sampling events. Thus, no
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clear  evidence of recovery could be detected 12 mo
after the exclusion of scallop dredging. Studies that
have reviewed the effects of MPAs indicate that signs
of recovery with respect to abundance and biomass
may be evident after 1 to 3 yr from the time of their
implementation (Halpern & Warner 2002, Micheli et al.
2004). It should be noted that recovery time is very
much context dependent, with respect to the species
in question, their life history and the general design
of the MPA, i.e. size, connectivity, history of anthro-
pogenic disturbance etc., and thus may take longer
than suggested by averaging past observations (Halpern
& Warner 2002).

CONCLUSION

This study demonstrated that relatively low fishing
intensities of scallop dredging can have significant
negative effects on temperate reef fauna of a magni-
tude similar to that reported for gravel and biogenic
reefs. Nevertheless, the lack of a uniform response to
dredging, in particular the pink sea fan Eunicella ver-
rucosa, demonstrated that not all species are uniformly
affected by this activity. It is likely that scallop dredges
fish inefficiently when used over topographically more
complex areas of the reef, allowing species with a high
affinity to these areas to maintain relatively stable pop-
ulations levels at low fishing intensities. The analysis of
substratum associations showed that the 2 scallop spe-
cies were associated with considerably different sub-
stratum types compared to E. verrucosa. This lack of
habitat overlap demonstrated that there is a potential
for conflict resolution between fishermen and conser-
vation interests. Knowledge of the precise location and
extent of habitats could help to devise spatial manage-
ment plans that would enable fishers to pursue their
livelihood while minimizing negative impacts on spe-
cies of conservation importance.
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