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Abstract

Coastal aquaculture installations concentrate large
numbers of wild ¢sh species of both ecological and
economic importance, including schools of bogue,
Boops boops (L.), in high abundance and biomass.
The aggregated species consume large quantities of
the easily available pellets lost from cages. As a con-
sequence, the physical condition of farm-associated
wild ¢sh is increased and their physiology is altered.
These changes may in£uence local ¢sheries as many
of these aggregating species are targeted by ¢shers.
We assess whether local ¢shers catch wild ¢sh that
have previously aggregated at ¢sh farms by compar-
ing the body condition, trophic indexes, diet overlap
and the fatty acid (FA) composition of B. boops
obtained from local ¢sh markets and around ¢sh
farms. Bogue captured by trammel-nets and around
¢sh farms facilities presented a similar biological
condition, as well as high quantities of pellets in the
gut, and their FA pro¢le was a¡ected by vegetal-
derived FAs. In contrast, bogue captured by trawlers
were not in£uenced by ¢sh farms, as they consumed
natural trophic resources.We conclude that artisanal
¢shers exploit these aggregated ¢sh populations once
they have dispersed away from farms, and bene¢t
from a ‘biomass export’ from ¢sh farms at a local
scale.

Keywords: aquaculture, artisanal ¢sheries, Boops
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Introduction

Sea-cage ¢sh farming continues to expand in the
Mediterranean Sea (Theodorou 1999; Sanchez-Mata
& Mora 2000), sea bass and sea bream being the two
most important species cultured in Mediterranean
coastal aquaculture. In addition to other environ-
mental impacts (Naylor, Goldburg, Primavera, Kauts-
ky, Beveridge, Clay, Folke, Lubchenco, Mooney &
Troell 2000; Borja 2002; IUCN 2007; Diana 2009),
farm installations a¡ect the presence (Carss 1990),
abundance (Dempster, Sanchez-Jerez, Bayle-Sem-
pere, Gime¤ nez-Casalduero & Valle 2002), diet (Fer-
nandez-Jover, Sanchez-Jerez, Bayle-Sempere, Valle &
Dempster 2008) and residence times (Uglem, Demp-
ster, Bj�rn, Sanchez-Jerez & �kland 2009) of wild ¢sh
in a given area. Fish farms attract a huge variety of
wild ¢sh by providing structure, refuge from preda-
tors and food resources (Bjordal & Skar1992; Castro,
Santiago & Santana-Ortega 2002; Dempster et al.
2002; Boyra, Sanchez-Jerez, Tuya, Espino & Haroun
2004; Tuya, Sanchez-Jerez, Dempster, Boyra & Har-
oun 2006; Fernandez-Jover, Lopez-Jimenez, Sanchez-
Jerez, Bayle-Sempere, Gimenez-Casalduero, Marti-
nez-Lopez & Dempster 2007; Valle, Bayle-Sempere,
Dempster, Sanchez-Jerez & Gime¤ nez-Casalduero
2007; Fernandez-Jover et al. 2008). Farm-aggregated
wild ¢sh consume large quantities of pellets lost from
cages (Fernandez-Jover et al. 2008). This change in
feeding behaviour may have consequences for ¢sh
populations, altering their natural diet in a way that
leads to a change in the body condition and the fatty
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acid (FA) compositionas well as their total fat content
due to the high availability of food (Skog, Hylland,Tor-
stensen & Berntssen 2003; Fernandez-Jover et al.
2007). These changes may in£uence local ¢sheries
becausemanyof these aggregated species are of com-
mercial interest.
One of the most abundant and dominant ¢sh

around ¢sh farms in the Mediterranean sea is the bo-
gue, Boops boops (L.), next to mugilids,Trachurus medi-
terraneus and Sardinella aurita (Dempster et al. 2002;
Valle et al. 2007; Fernandez-Jover et al. 2008). Bogue
are members of the Sparidae family, and are an impor-
tant and abundant species in the Mediterranean Sea
(Bauchot & Hureau 1986;Valle, Bayle & Ramos 2003).
It is a gregarious, demersal to semipelagic ¢sh, and
while it is considered an omnivore, its feeding habits
are somewhat variable. Bogue is found on the conti-
nental shelf or coastal pelagic on the SE coast of Spain
(Forcada 2005; Arechavala-Lo¤ pez, Bayle^Sempere,
SaŁ nchez^Jerez, Valle, Forcada, FernaŁ ndez^Jover, Oje-
da^Mart|¤ nez,VaŁ zquez^Luis & Luna^Pe¤ rez 2008), living
onavarietyof bottoms (sand, mud, rock, seaweeds and
seagrass beds) at a depth range of 0^350m (Froese &
Pauly 2007). Furthermore, bogue is commonly caught
by bottom trawls, purse seines, long-lines and tram-
mels nets in the province of Alicante.
Farm-associated wild ¢sh are not ¢shed when they

are aggregated but may have enhanced vulnerability
to capture immediately adjacent to farms if they are
targeted by regional ¢shers. Increased ¢sheries
landings in a Greek coastal area with intensive
¢sh farming have been detected (Machias, Giannou-
laki, Somarakis, Maravelias, Neo¢tou, Koutsoubas,
Papadopoulou & Karakassis 2006), and intensi¢ed
¢shing pressure of commercial and recreational
vessels has been observed in the recent years
around farms o¡ the Alicante coast. However, no
study has as yet determined the extent to whichwild
¢sh previously aggregated at ¢sh farms are caught
by local ¢shers and how ¢sh farms a¡ect exploited
populations on a regional scale. Therefore, we
investigated whether local ¢shers captured wild ¢sh
that had been aggregated to ¢sh farms by comparing
the biological indexes, diet overlap and FA composi-
tions of B. boops obtained from local ¢sh markets
and around ¢sh farms. Speci¢cally, we sought to: (i)
quantify the abundance of bogue populations
around ¢sh farms and (ii) compare ¢sh sampled
at farms with those captured by bottom-trawler
and trammel-net catches to assess the in£uence of
¢sh farms on ¢sheries operating at regional and local
spatial scales.

Materials and methods

Study locations and characteristics

The study was carried out at three localities along the
south-east of Spain (Fig.1), where ¢sh farms and ¢sh-
eries co-occur. Seventeen bottom-trawlers, two purse-
seines and ¢ve artisanal vessels (four trammel-net and
one long-line boat) operate from the port of Altea and
landed 3267.5 t of ¢sh in 2007. The farm sited in Altea
is 2.8 km o¡shore, at an average water depth of 34m,
with an annual production of about 500 t of ¢sh. Two
bottom-trawlers and nine trammel-net boats operate
from the port of Campello, which landed 0.68 t of
bogue and 44.7 t of ¢sh in total in 2007. At Campello,
the ¢sh farm is sited 3.2 kmo¡ the coast, at anaverage
water depth of 28.6m, and produced about 300 t of
¢sh in 2007. Guardamar has only13 artisanal vessels,
most of them trammel-netters, but in Santa Pola, a
locality next to Guardamar, the ¢shing £eet is com-
posed of 50 bottom-trawlers and around 40 artisanal
vessels, which utilize trammel nets and long lines.
Both £eets work in the same area and landed together
a total of 21.4 t of bogue and 3543.6 t of ¢sh in total in
2007. The farm at Guardamar is sited 3.7 km o¡shore
at awater depth of 22.6mand produced around1200 t
in 2007. All farms reared sea-bass (Dicentrarchus lab-
rax), sea-bream (Sparus aurata) and some of them also
reared meagre (Argyrosomus regius). Artisanal ¢shers
usually work near the coast, close to their harbours
(local scale, kilometre), while bottom-trawlers work
further from the coast, in waters of a minimum 50m
depth by law (regional scale, tens of kilometres).

Figure 1 Map of the south-eastern coast of Spain show-
ing the locations of the three sampled sea bream and sea
bass farms.
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Fish sampling

To estimate the abundance of B. boops and other wild
¢sh aggregated around the cages, we conducted
rapid visual counts (RVCs; Kingsford & Battershill
1998) using Scuba diving. Full details of the count
methodology are given in Dempster et al. (2002). At
each farm, ¢sh were counted on four di¡erent occa-
sions during the study period (from January to April
2008). Six 5-min RVCs were conducted each time
within the farm complex. Each count covered a vo-
lume of approximately 11250m3 (15m wide � 15m
deep � 50m long). During the counts, the average
total length (TL) of each groupwas noted. Count data
were fed into the ECOCEN program (Bayle-Sempere,
Valle & Verdu 2002), where conversions to biomass
were made based on a published length^weight
relationship for wild ¢sh. Boops boops aggregated
around the three ¢sh farms were spear-¢shed be-
tween 9:00 and 13:00 hours. Counts and sampling
by spear-¢shing were conducted on separate days.
Bogue collected from bottom-trawlers and trammel-
nets ¢sheries were bought in three local ¢sh markets
close to ¢sh farms (Altea, Campello and Guardamar
harbours, Fig. 1). Fish were obtained randomly on at
least three di¡erent days at each site and each local-
ity during the same period (from January to April
2008). All ¢sh were iced after landing and taken to
the laboratory.

Body condition and food items

Atotal of 270 boguewere examined; these comprised
30 specimens from each type of capture and each
studied location. For each individual, we measured
TL (cm); total wet weight (TW, g); liver wet weight
(LW, g); gonad wet weight (GW, g); stomach wet
weight (g); and empty stomach wet weight (g). Sto-
machs (from the oesophagus to the pyloric sphincter)
were dissected and preserved in 70% ethanol. Gut
contents were observed under a microscope. Dietary
items, identi¢ed to the lowest possible taxonomic le-
vel, were counted and weighed after the removal of
surface water by a blotting paper. Fulton’s condition
factor index (CI5 [100 � TW]/TL3), liver-somatic
index (LSI5100 � [LW/TW]) and gonad-somatic
index (GSI5100 � [GW/TW]) were calculated as
indicators of ¢sh condition. The importance of di¡er-
ent prey types was evaluated by calculating the fre-
quency of occurrence (%O5100 � [number of
stomachs containing prey i/total number of sto-
machs containing prey]) and percentage weight

(%W5100 � [weight of prey i/total weight of all
prey]) (Hyslop1980).

Trophic indexes and diet overlap

Vacuity Index (VI5100 � [number of empty sto-
machs/total number of stomachs analysed]) and spe-
cies richness (R5 (Sp�1)/Ln N), where Sp is the
number of prey species in full stomachs and N is the
total number of prey in the sample (Margalef 1958),
were calculated. Diet breadth (C) and niche domi-
nance (D) were determined according to the Simpson
indexes (C51/

P
pi
2; D5

P
pi
2), where pi is the

frequency of appearance of prey i (Simpson 1949).
Schoener’s overlap index (Schoener 1970) (at 5

1�0.5 �
P

�pxi� pyi�), where px and py are the
proportions by wet weight in stomachs of the prey i,
andMorisita’s Index (as modi¢ed byHorn; Horn1966)
(M52 � (

P
pxi � pyi)/

P
(pxi)

21
P

(pyi)
2), where

px and py are the percentages of occurrence in sto-
machs of the prey i, were used to asses the degree of
overlap in the use of food between the three types of
catches. Both overlap indexes vary from 0, for no diet
overlap, to 1, for complete diet similarity (an overlap
equal to or above 0.6 was considered to be biologically
signi¢cant, following Keast1978).

Fatty acid composition

In the laboratory, a part of the anterior-dorsal white
muscle (approximately 6 g) of nine ¢sh of each site
and each locality (72 in total) was removed (except
samples from trammel nets in Guardamar), frozen at
�18 1C and analysedwithin1week. After individual
tissue homogenization, the FA composition of the to-
tal lipid fractionwas determined by fat extraction fol-
lowing the method of Folch, Lees and Stanley (1957),
with a mixture of chloroform and methanol (1:1pro-
portion for the ¢rst extraction and 2:1proportion for
the second one). Fattyacid methyl esters (FAME) sam-
ples were analysed according to themethod of Sto¡el,
Chu and Edward (1959) by gas^liquid chromatogra-
phy using an SP_2560 £exible fused silica capillary
column (100m length and 0.25mm internal dia-
meter and 0.20 mm ¢lm thickness; SUPELCO) in a
Hewlett-Packard 5890 gas chromatograph (Prince-
ton, NJ, USA). The oven temperature was pro-
grammed for 5min at an initial temperature of
140 1C, then increased at a rate of 4 1C per minute to
230 1C, and was further increased at a rate of1 1C per
minute to 240 1C and then held at that temperature
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for 6min. The injector and £ame ionization detector
were set at 250 1C. Heliumwas used as a carrier gas at
a pressure of 290 kPa, and peaks were identi¢ed by
comparison of their retention times with appropriate
FAME standards purchased from Sigma Chemical
Company (St Louis, MO, USA). Individual FA concen-
trations were expressed as percentages of the total
content.

Statistical analyses

To test whether body condition and FAs composition
varied among localities and types of captures, we used
an analysis of variance (ANOVA) that incorporated two
orthogonal factors: type of captures (¢xed) with three
treatments (bogue ¢shed around cages, bogue cap-
tured in trammel nets by artisanal ¢shers and bogue
captured by bottom-trawlers) and locations (random)
with three localities (Altea, Campello, Guardamar).
Student^Newman^Kuel post hoc tests were applied
when signi¢cant di¡erences were found. Before
ANOVA, heterogeneity of variance was tested using
Cochran’s C-test, and when transformation did not
correct heterogeneity, data were analysed untrans-
formed. Analysis of variance is robust to heterogene-
ity of variances, particularly when experiments are
large and balanced (Underwood 1997). Non-para-
metric multivariate techniques were used to compare
the gut contents and FAcompositions of bogue.Trian-
gular similarity matrices were calculated using the
Bray^Curtis similarity coe⁄cient (Clarke & Warwick
1994). CLUSTER analyses, based on biomass of prey
(wet weight), were used as the classi¢cation method.
Fatty acids that had more in£uence on similarities
within groups and dissimilarities among groups of lo-
cations were calculated using the SIMPER (similarity
percentages) procedure (Warwick, Platt, Clarke, Agard
& Gobin1990; Clarke1993). Apermutation test (PERMA-

NOVA) was used to assess the signi¢cance of the overall
FA composition among the considered factors (Clarke
1993; Anderson 2004). All multivariate analyses were
performed using the PRIMER statistical package.

Results

Visual census

We found 16 di¡erent species of ¢sh associated with
the three farms studied. Data obtained from visual
census showed the highest values for the total mean
abundance for bogue (B. boops: 1384 � 1481ind/

11250m3), followed by horse mackerel (T. mediterra-
neus:1115 � 1091ind/11250m3). In terms of biomass,
bogue was the second most important (130 � 140 kg/
11250m3) after mugilids (e.g. Liza spp., Mugil spp.,
Chelon spp.: 199 � 0.1kg/11250m3). For bogue, the
highest abundances and biomasses were found
around the Campello farm (2669 � 1407 ind/
11250m3 and 256 � 128 kg/11250m3), with the
lowest values detected for the Guardamar farm
(10 � 43 ind/11250m3 and 0.6 � 2.6 kg/11250m3).

Body condition

ThemeanTL andmeantotalweight (TW)were greater
for ¢sh captured in trammel nets and at ¢sh-farms
compared with trawls (Table 1). The lowest values of
Fulton’s CI, LSI and GSI resulted in samples from
trawlers, with similar values from farm-aggregated
and trammelled samples (Table 1). Analysis of var-
iance showed signi¢cant di¡erences in the interac-
tion between type of capture and localities (Po0.01)
(Table 2). Student^Newman^Kuel tests did not reveal
signi¢cant di¡erences between di¡erent capture
types at Altea, but signi¢cant di¡erences among GSI
levels were detected between trammel net samples
and the other two capture types at Campello. At
Guardamar, signi¢cant di¡erences were detected
among the CI levels between all types of capture,
among LSI levels between trammel net samples and
the other two types, and among GSI levels between
trawled samples and the other two capture types.

Food items

The dietary composition of ¢sh from trammel-nets
and ¢sh farms was very similar, as shown by the
cluster analysis (Fig. 2), showing a clear segregation
from those taken by trawlers. Gut contents of bogue
from trawlers were very di¡erent from the other two
types of catches, which showed high similarity to
each other. Individuals from bottom-trawlers princi-
pally fed on siphonophores [27.0% of occurrence
(%O), 64.2% of wet weight (%W)] but also copepods
(48.3%O) and larvae and adults decapods (33.7%O)
(Table 3). Fish farm aggregated bogue mainly con-
sumed food pellets (92.1%O, 89.1%W) and algae
(70.8%O, 10.2%W), but also crustaceans like cope-
pods (53.9%O), gammarid amphipods (50.6%O), ca-
prellid amphipods (22.5%O) and decapods (18.0%O).
Bogue from trammel-nets fed on food pellets
(56.2%O, 62.4%W) and algae (65.2%O, 30.2%W), but
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also siphonophores (44.9%O) and crustaceans like
copepods (60.7%O), decapods (33.7%O), gammarids
(32.6%O) and caprellids (21.3%O) (Fig.3).

Trophic indexes and diet overlap

The trophic indices varied among localities (Table 4).
TheVI ranged from 0 of trammel net ¢sh from Altea
to 40 for trawled ¢sh at Campello, but in general, bo-
gue from trawler samples showed the highest values
of empty stomachs (ES526) and therefore also of the
(VI528.8). In contrast, ¢sh-farm aggregated ¢sh pre-
sented the lowest values for both indices (ES52,
VI52.1). Bogue from artisanal trammel-nets exhib-
ited intermediate values between trawl and ¢sh-farm
samples. The numbers of prey items and species rich-
ness were very low in trawled ¢sh (8 and 2.2, respec-
tively), intermediate in farm-aggregated samples (10.6
and 3.1, respectively) and high in trammel net sam-

ples (14.3 and 4.2 respectively). Simpson’s indexes
suggested that bogue around ¢sh farms had a nar-
row range of trophic niche (C50.5), which was
dominated by few items (D52.0). Similarly,
although to a lesser extent, bogue from trammel-nets
had a narrow trophic niche (C50.4, D51.6). In con-
trast, bogue from trawlers had a wide trophic niche
(C52.7), without the apparent dominance of any
kind of prey (D50.4). The di¡erent indices of diet
overlap provided information about a clear diet
overlap among farm-aggregated and trammel net
bogue (all values 40.6) (Table 5). The Schoener
index, calculated with the TWof all items, indicated
that the diet of bogue from trawlers did not overlap
with either the diet of farm-aggregated or trammel
net bogues (at 50.05 and at 50.10 respectively).
The huge abundance for food pellets is mainly re-
sponsible for these results. Therefore, the Schoener
index calculated without food pellets in the diet
showed a signi¢cant increase in bothvalues, without

Table 1 Total length (TL), total weight (TW), Fulton’s Condition Index (CI), Liver Somatic Index (LSI) and Gonad Somatic
Index (GSI) for bogue from the three localities and each type of capture

Type capture Localities TL (cm) TW (g) CI LSI GSI

Trawl Altea 21.3 � 0.3 84.2 � 0.2 0.9 � 0.1 0.7 � 0.1 2.6 � 0.2

Campello 23.0 � 0.4 106.1 � 0.4 0.8 � 0.1 0.7 � 0.1 2.2 � 0.2

Guardamar 22.1 � 0.3 96.7 � 0.2 0.9 � 0.1 0.9 � 0.1 3.2 � 0.3

Fish farm Altea 23.9 � 0.5 145.6 � 0.4 1.0 � 0.1 1.2 � 0.1 3.8 � 0.3

Campello 30.3 � 0.6 293.8 � 0.6 1.0 � 0.1 1.0 � 0.1 3.9 � 0.3

Guardamar 30.1 � 0.8 312.6 � 0.7 1.1 � 0.1 1.1 � 0.1 2.6 � 0.4

Trammel-net Altea 25.5 � 0.7 169.8 � 0.6 0.9 � 0.1 0.7 � 0.1 1.4 � 0.4

Campello 29.7 � 0.6 308.1 � 0.5 1.1 � 0.1 0.9 � 0.1 4.1 � 0.3

Guardamar 29.8 � 0.4 285.6 � 0.4 1.1 � 0.1 1.4 � 0.1 4.7 � 0.4

Values represent means � standard error.
TL, total length; TW, total wet weight; CI, Condition Factor Index; LSI, Liver-somatic Index; GSI, Gonad-somatic Index.

Table 2 Results of analysis of variance (ANOVA) of the body condition index: Fulton’s Condition Factor Index, (CI), Liver-
somatic Index (LSI) and Gonad-somatic Index (GSI)

ANOVA d.f.

CI LSI GSI

F versusMS P MS P MS P

Ca 2 0.12 0.4530 1.67 0.3495 22.07 0.6477 Ca � Lo

Lo 2 0.88 0.0000�� 2.99 0.0000�� 17.13 0.0021�� Residual

Ca � Lo 4 0.13 0.0000�� 1.21 0.0001�� 45.50 0.0000�� Residual

Residual 261 0.01 0.20 2.71

Total 269

C-test 0.27 0.31 0.17

Data were not transformed.
Ca, type of captures; Lo, location; C-test, Cochran’s test; CI, Condition Factor Index; LSI, Liver-somatic Index; GSI, Gonad-somatic Index.
��Po0.01.
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Figure 2 Dendrogram showing similarity between types of captures and localities regarding the diet composition, based
on biomass of prey (wet weight). A, artisanal-trammelled samples; F, ¢sh-farm aggregated samples;T, trawled samples; a,
Altea; c, Campello; g, Guardamar.

Table 3 Gut contents of Boops boops

Prey items Trawls Fish farms Trammel-nets

TW %O %W TW %O %W TW %O %W

Food pellets 0 0 0 214.83 92.1 89.1 67.31 56.2 62.4

Macrophyta

Algae 0.15 2.2 4.8 24.49 70.8 10.1 32.53 65.2 30.2

Seagrass 0 0 0 0 0 0 0.19 2.2 0.2

Hydrozoa

Siphonophora 2.02 27.0 64.2 0.38 15.7 0.1 2.05 44.9 1.9

Branchiopoda

Conchostraca 0.01 1.1 0.1 0 0 0 0 0 0

Polychaeta 0 0 0 0 0 0 0.04 3.4 0.1

Mollusca 0.01 1.1 0.1 0.02 1.1 0.1 0.01 1.1 0.1

Crustacea

Ostracoda 0 0 0 0 0 0 0.04 3.4 0.1

Copepoda 0.15 48.3 4.9 0.27 53.9 0.1 0.44 60.7 0.4

A. Caprellidea 0 0 0 0.23 22.5 0.1 1.78 21.3 1.6

A. Gammaridea 0.08 9.0 2.6 0.29 50.6 0.1 0.22 32.6 0.2

A. Hyperiidea 0.01 1.1 0.1 0 0 0 0 0 0

Tanaidacea 0 0 0 0.01 1.1 0.1 0.01 3.4 0.1

Isopoda 0.09 1.1 2.9 0 0 0 0.75 1.1 0.7

Cumacea 0 0 0 0 0 0 0.01 1.1 0.1

Mysidacea 0 0 0 0 0 0 0.02 3.4 0.1

Decapoda larvae 0.28 18.0 9.1 0.08 14.6 0.1 0.08 28.1 0.1

Decapoda adult 0.31 15.7 10.0 0.55 3.4 0.2 1.14 5.6 1.1

Unidentified 0.04 18.0 1.4 0.04 9.0 0.1 0.02 11.2 0.1

Insecta

Diptera 0 0 0 0.02 4.5 0.1 0.01 3.4 0.1

Crinoidea 0 0 0 0.01 1.1 0.1 0 0 0

Teleostei

Adults and remains 0 0 0 0 0 0 1.23 3.4 1.1

Ichthyoplankton 0 0 0 0.01 2.2 0.1 0.01 7.9 0.1

Total (g) 3.15 241.24 107.83

Mean total wet weight in grams (TW), frequency of occurrence (%O) and % wet weight (%W) of food items for each type of capture.
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reaching overlapping values (at 50.50 and at 50.41
respectively). Similar results were obtained with the
Morisita index, which was based on the percentage
appearance of items. Morisita values among farm-
aggregated bogue and trawled bogue were lower
(M50.34) and the values among trammel net and
trawled bogue almost reached the biological overlap
(M50.55).

Fatty acid composition

The main types of FAs in bogue muscle di¡ered
among the di¡erent types of captures (Fig. 4), but sig-
ni¢cant di¡erences were only found in the interac-

tion among captures and localities (Table 6). The
percentage contents of palmitoleic acid (C16:1 o-7),
oleic acid (C18:1 o-9), linoleic acid (C18:2 o-6) and li-
nolenic acid (18:3 o-3) were higher in samples from
¢sh farms and trammel nets than those from traw-
lers, and their values varied signi¢cantly within lo-
calities, where Altea and Guardamar presented the
highest di¡erences among all type of captures. The
same pattern occurred for eicosapentaenoic acid
(EPA, C20:5 o-3), but in this case, signi¢cant di¡er-
ences existed between localities for each type of cap-
ture. Moreover, arachidonic acid (ARA, C20:4 o-6)
was signi¢cantly higher in trawled samples, followed
by trammel net and farm-aggregated samples (Fig.4).
Samples from trawls di¡ered signi¢cantly from the
other two types of captures in ARA values at Altea
and Guardamar. Docosahexaenoic acid (DHA, C22:6
o-3) also showed higher values in samples from traw-

Figure 3 Stomach contents of Boops boops for each capture type. (a) Frequency of occurrence; (b) % wet weight.

Table 4 Number of empty stomachs (ES), vacuity index
(VI), number of prey items (Sp), Margalef species richness
(R), diet breadth (C) and diet dominance (D) Simpson in-
dexes for ¢sh from each type of capture and locality

Type capture Localities ES VI Sp R C D

Trawls Altea 4 13.3 9 2.5 1.2 0.8

Campello 12 40.0 8 2.3 2.1 0.5

Guardamar 10 33.3 7 1.9 2.6 0.4

Total 26 28.8 8 2.3 2.4 0.4

Fish farms Altea 1 3.1 11 3.2 0.4 2.3

Campello 1 3.0 10 2.8 0.4 2.5

Guardamar 0 0.0 11 3.2 0.6 1.6

Total 2 2.1 10.6 3.1 0.4 2.0

Trammel-nets Altea 0 0.0 13 3.8 0.5 2.0

Campello 3 9.0 15 4.5 0.6 1.7

Guardamar 6 18.1 15 4.5 0.6 1.8

Total 9 9.3 14.3 4.2 0.6 1.6

Table 5 Schoener overlap index calculated on the totalwet
weight (TW) and the Morisita Index calculated for the fre-
quency of occurrence (O%) for prey items from ¢sh of each
type of capture

Overlap
index

Trawls/Fish
farms

Fish farms/
Trammel

Trammel/
Trawls

Schoener

(aT)�
0.05 0.73 0.10

Schoener

(aT)w

0.50 0.87 0.41

Morisita (M) 0.34 0.92 0.55

�With all stomach content items.
wWithout pellets.
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lers compared with the other two types, but signi¢-
cant di¡erences were noted between di¡erent local-
ities for each type of capture. The most important

parameter was the o-3/o-6 ratio, which di¡ered sig-
ni¢cantly among all types of captures. Trawled sam-
ples had signi¢cantly lower levels than the other two

Figure 4 Fishmuscle percentage values of themain fattyacids ando-3/o-6 ratio in the three type of captures. Error bars
are � SE.
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(P40.01), and trammelled samples di¡ered signi¢-
cantly from farm-aggregated ¢sh (P40.05). Further-
more, di¡erences were found between localities,
where Campello was very di¡erent from Altea
(P40.01) and Guardamar (P40.05) (Table 6). PERMA-

NOVA showed that the signi¢cance of di¡erences in
FA composition among the types of captures was lo-
cation-dependent (FCaxLo: 262; Po0.01). Fatty acid
pro¢les on captures by trawlers were di¡erent from
the other two types of captures in Altea and Campel-
lo (Po0.01), while they di¡ered signi¢cantly among
the three types in Guardamar (Po0.01). The results
from the SIMPER analysis (Table 7) showed the highest
dissimilarity values among bogue captured by traw-
lers and farm-aggregated ¢sh (41.6%), while bogue
from trammel nets presented very similar percen-
tages of dissimilarity with farm-aggregated (36.4%)
and trawled samples (36.2%). DHAwas the main o-3
FApresent inall ¢sh, next to EPA, and the largest con-
tributor in the total content dissimilarities between
types of captures. Nevertheless, oleic and linoleic
acids also contributed to these dissimilarities, mainly
between trawled and farm-aggregated samples.

Discussion

We have demonstrated that coastal aquaculture and
local ¢sheries can be directly connected; the wild bo-
gue that typically aggregate at ¢sh farms form a sig-
ni¢cant component of the catch of local ¢sheries.
Using the distinct FA signature that wild ¢sh obtain
from eating lost feed pellets around farms as a bio-
marker (developed by Fernandez-Jover et al. 2007),
we have traced ¢sh that were resident around farms

and consumed su⁄cient amounts of waste feed to
modify their condition and FA pro¢les into local
trammel-net ¢sheries that operate at scales of kilo-
metres distant from farms. Bogue may serve as a
model species for ¢sheries^aquaculture interactions
in theMediterranean Sea.Theyare awidespread spe-
cies and every study of wild ¢sh around ¢sh farms in
the Mediterranean (e.g. Dempster et al. 2002) and the
Canary Islands (e.g. Boyra et al. 2004) has identi¢ed
them as a signi¢cant component of aggregated as-
semblages. Moreover, they are schooling plankti-
vores, and exhibit a behaviour similar to numerous
other planktivorous species that dominate ¢sh^farm
assemblages (e.g. Trachurus sp., S. aurita; Dempster
et al. 2002; Fernandez-Jover et al. 2008).
The high food availability, primarily the lost pellets

from the farm, and secondarily the fouling organ-
isms, increases the trophic resources in the vicinity
of farms. Bogue that associated with farms had mod-
i¢ed diets, and compared with the distant trawl-
sampled ¢sh, their body condition was altered, and
these changes precipitated alterations in the physio-
logical state of the ¢sh. Bogue captured by trammel-
nets and around ¢sh farms facilities presented a simi-
lar biological condition, as well as high quantities of
pellets in gut contents, and their natural FA pro¢le
was a¡ected by vegetable-derived FAs. In contrast,
bogue captured by trawlers consumed natural
trophic resources and appeared to be unin£uenced
by ¢sh farms. Therefore, ¢sheries at a local scale ap-
pear to bene¢t from a partial biomass export from
¢sh farms.
The abundance and biomass of bogue observed

from our counts was similar to that recorded from
studies carried out in the western Mediterranean
Sea (Dempster et al. 2002; Valle et al. 2007; Fernan-
dez-Jover et al. 2008). Bogue prefer cold water periods
(Valle et al. 2007) andwere the dominant species dur-
ing the January^April sampling period around the
three farms, followed byT. mediterraneus, mugilids, S.
aurita and Obladamelanura. Bogue occupy intermedi-
ate depths in the water columnand around the cages
next to T. mediterraneus, while mugilids occupy the
surface, mid-water and bottom layers (Dempster, Fer-
nandez-Jover, Sanchez-Jerez, Tuya, Bayle-Sempere,
Boyra &Haroun 2005).Therewere always signi¢cant
di¡erences in the abundance and biomass of aggre-
gated bogue across farms, showing that the ¢sh as-
semblages di¡ered among farms separated by tens of
kilometres. This suggests that ¢sh assemblages
around farms change depending on the seasonal or
migration patterns, environmental conditions, such

Table 7 Percentage dissimilarities and contributions of the
main fatty acids to the overall dissimilarities between di¡er-
ent types of captures

Simpler Fatty acids T^F F^A A^T

% Dissimilarity 41.6 36.4 36.2

% Contribution Palmitoleic acid (C16:1 o-7) 4.3 4.5 3.7

Oleic acid (C18:1 o-9) 5.8 4.0 3.6

Linoleic acid (C18:2 o-6) 6.5 5.5 4.7

Linolenic acid (C18:3 o-3) 2.7 2.6 2.7

ARA (C20:4 o-6) 4.2 3.8 5.1

EPA (C20:5 o-3) 5.2 5.5 4.9

DHA (C22:6 o-3) 7.1 7.6 6.4

All data were arcsin transformed
p
x.

T, trawled individuals; F, ¢sh-farm aggregated individuals; A, ar-
tisanal trammelled individuals; ARA, arachidonic acid; EPA, ei-
cosapentaenoic acid; DHA, docosahexaenoic acid.
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as coastal morphology, distance to the coast, cur-
rents, and depth, farm characteristics, such as the
quantity of feed being lost, and the composition of
the ¢sh fauna in surrounding natural habitats
(Fernandez-Jover et al. 2008), with bogue being one
of the species that occurred consistently across the
farms.
Diet, body fat content and FA composition are all

a¡ected by the close associationwith farms (Fernan-
dez-Jover et al. 2007, 2008). The high availability of
lost food pellets and other resources (e.g. fouling or-
ganisms) from aquaculture is actively exploited by
bogue populations, which resulted in increased bio-
logical condition of these consumers. In contrast,
trawled bogue had a more streamlined body form, in-
dicated by their low Fulton’s condition index levels,
and fed mainly upon planktonic invertebrates. Boops
boops is omnivorous with a preference for plant mate-
rial, but it has also been described as a microphagic
carnivore, feeding on a wide range of invertebrates
(Bell & Harmelin-Vivien 1983; Stergiou & Karpouzi
2002; Karpouzi & Stergiou 2003). Bogue aggregated
at ¢sh farms become more specialist consumers, ex-
ploiting pellets to a huge extent, with fouling from
farm facilities o¡ering additional trophic items (al-
gae, invertebrates), slightly increasing the range of
omnivory. In contrast, pelagic bogue captured by
trawlers forage on available meso-zooplankton, tak-
ing advantage of the pelagic trophic resources, and
are generally more opportunistic and carnivorous.
However, feeding habits should be researched during
di¡erent seasons to test for correlations between
reproductive and nutritional states.
Marine ¢sh, especially carnivores, have a natural

diet rich in highly unsaturated fatty acids and re-
quire speci¢c levels of o3 and o6 for normal growth,
development and reproduction (Sargent, McEvoy &
Bell 1997; Sargent,Tocher & Bell 2002; Furuita, Hori,
Suzuki, Sugita & Yamamoto 2007). As a conse-
quence, three long-chain o3 polyunsaturated FAs
occur in higher concentrations in marine ¢shmuscle
(Ackman 1967; Sargent, Bell, Mcevoy,Tocher & Este-
vez 1999): DHA (22:6 o-3), EPA (20:5 o-3) and ARA
(20:4 o-6), as shown by the present results in bogue
captured by trawlers. In contrast, the FAcomposition
and the total fat content of farm-aggregated and
trammelled wild ¢sh that fed on lost pellets varied
signi¢cantly from the trawled ¢sh, due to the high
concentration of vegetable oils from terrestrial plant
products (corn or soya) used in food pellet production
for coastal ¢sh farms (Fernandez-Jover et al. 2007).
The signi¢cantly increased levels of linoleic (18:2

o-6) and oleic (18:1 o-9) acids and decreased levels
of DHAand ARA in farm-associated and trammelled
¢sh could directly in£uence ¢sh health and the popu-
lation dynamics of wild ¢sh.
The importance of omega-3 FAs such as DHA, EPA

and ARA for the circulatory systems of ¢sh, larval
growth, survival, reproduction and immunological
process has been widely studied (Koven, Tandler,
Skalan & Kissil 1993; Mourente & Tocher 1993; Sar-
gent, Bell, Bell, Henderson & Tocher 1995; Wiegand
1996; Ibeas, Cejas, Fore¤ s, Bad|¤ a, Go¤ mez & Lorenzo
1997; Rodr|¤ guez, Pe¤ rez, D|¤ az, Izquierdo, FernaŁ ndez-
Palacios & Lorenzo 1997; Takeuchi 1997; Rodr|¤ guez,
Cejas, Mart|¤ n, Bad|¤ a, Samper & Lorenzo 1998;
Sorbera, Zanuy & Carrillo 1998; Almansa, Pe¤ rez,
Cejas, Bad|¤ a,Villamandos & Lorenzo 1999; Almansa,
Mart|¤ n, Cejas, Bad|¤ a, Jerez & Lorenzo 2001; Copeman,
Parrish, Brown & Harel 2002; Garrido, Rosa, Ben-
Hamadou, Cunha, Ch|¤ charo & Van Der Lingen 2008;
Seaborn, Smith, Denson,Walker & Berlinsky 2009).
However, the importance of these FAs in physiologi-
cal processes in B. boops has not been established.
Additionally, FA compositions could serve as impor-
tant, long-term biomarkers to determine the in£u-
ence of ¢sh farms on the local wild ¢sh community,
helping to describe the environmental impact of this
activity as proposed by Fernandez-Jover et al. (2008).
Furthermore, the increase ino-6 and decrease ino-3
in muscle could decrease the nutritional value of ¢sh
because one of the main reasons for ¢sh consump-
tion is the high heart-healthy polyunsaturated o-3
FA composition. Therefore, assessment of FA compo-
sitions could also help to better understand the im-
pact of ¢sh farming on local ¢sheries, primarily on
artisanal activities and secondly on sport ¢shing.
The association of ¢sh with arti¢cial £oating ob-

jects (FADs) has been widely documented (Fre¤ on &
Dagorn 2000; Castro et al. 2002). Attraction of ¢sh to
FADs has been exploited by ¢shermen in many seas
(Kihara1981; Massut|¤ & Morales-Nin1991), and FADs
have frequently been introduced as ¢shery enhance-
ment tools (Dempster & Taquet 2004). Sea-cage
farms have often been described as analogous to
FADs as they aggregate pelagic ¢sh species. The
strong aggregative e¡ect of farms is due to the abun-
dant availability of food beneath cages (Tuya et al.
2006) and their possible use as a refuge from preda-
tors (Castro et al.2002). Associationwith farms could
modify wild ¢sh population dynamics, a¡ecting
home ranges and seasonal migration patterns, add
increasing ¢shery yields around ¢sh farms. Fish-
farm aggregated bogue have some mobility at the
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spatial scale of kilometres, as they are captured by
trammel-nets of artisanal ¢shers. However, bogue
caught by trawlers showed no in£uence of aquacul-
ture because trawlers work at depths of at least 50m
by law, on grounds that are typically at a distance of
tens of kilometres from aquaculture facilities in our
study area. In this sense, aggregation of ¢sh around
farms seems to favour only local artisanal ¢sheries
captures.
In addition to being attracted to food pellet con-

sumers such as bogue, farms concentrate large
numbers of predatory species of both sport and com-
mercial interest, such as Coryphaena hippurus, Seriola
dumerili, Pomatomus saltatrix, Dentex dentex and
Thunnus thynnus, and other pelagic species (Demp-
ster et al. 2002). Aggregations around farms have
been documented worldwide (Mediterranean Sea;
Fernandez-Jover et al. 2008; the Canary Islands: Boy-
ra et al. 2004; Scotland: Carss 1990; and Norway:
Dempster, Uglem, Sanchez-Jerez, Fernandez-Jover,
Bayle Sempere, Nilsen & Bj�rn 2009). Increased ¢sh-
ing pressure, both commercial and recreational,
around the three studied farms has been noted by
the farm managers, particularly through the in-
creased deployment of gillnets and purse seines
around farms with su⁄cient lengths to completely
surround the leasehold area, capturing large quanti-
ties of ¢sh when they move short distances away
from the farm or migrate seasonally.
Coastal aquaculture in£uences coastal wild ¢sh

populations directly and local artisanal ¢sheries in-
directly, on a scale of kilometres. Aggregated ¢sh in-
crease their somatic production, which should
enhance their reproductive production and increase
the exportation of pelagic eggs. This process is in ad-
dition to the net emigration of adults and juveniles
across the borders of aquaculture facilities, raising
the potential for capture by local professional and
sport ¢sheries. In this sense, ¢sh farms seem to act
as marine protected areas, but on a smaller scale,
exporting biomass of exploited species (Rowley
1994; Kaunda-Arara & Rose 2004; Abesamis & Russ
2005; Forcada, Bayle-Sempere,Valle & SaŁ nchez-Jerez
2008; Gon� i, Adlerstein, Alvarez-Berastegui, Forcada,
Ren� ones, Criquet, Polti, Cadiou, Valle, Lenfant,
Bonhomme, Perez-Ruzafa, SaŁ nchez-Lizaso, Garc|¤ a-
Charton, Bernard, Stelzenmˇller & Planes 2008).
Settlement of larvae around ¢sh farms has been
documented (Fernandez-Jover, Sanchez-Jerez, Bayle-
Sempere, Arechavala-Lopez, Mart|¤ nez-Rubio, Lopez-
Jimenez & Mart|¤ nez-Lopez 2009) but further studies
are necessary to understand the capability of these

facilities to enhance reproduction of aggregated wild
¢sh and promote nursery areas.
In areas where wild ¢sh assemblages are abun-

dant, they should be protected from ¢shing by broad-
ening the no-¢shing zone around farms, to exploit
fully the ecosystem service generated when they feed
on the lost food pellets and because of their increased
vulnerability to ¢shing when they are concentrated
around the cages. If ¢shers target the aggregations
at the farms, they may function as ecological traps,
continuously attracting ¢sh from the surrounding
waters and diminishing their local populations
through ¢shing (for a review of ecological traps, see
Battin 2004). Future research is required to improve
knowledge regarding the catchability of di¡erent
types of artisanal and recreational ¢shing for di¡er-
ent species, so that managers can act to avoid farms
behaving as ecological traps for wild ¢sh stocks. The
e¡ects of ¢sh farms onwild ¢sh stocks are poorly un-
derstood (Machias, Karakassis, Giannoulaki, Papado-
poulou, Smith & Somarakis 2005) and monitoring of
¢sh assemblages over a regional scale involving sea-
sonal sampling over several years is required to mod-
el the population dynamics of speci¢c species to
predict the longer-term e¡ects of ¢sheries and aqua-
culture interactions. Therefore, knowledge of the ex-
tent and frequency of ¢sh migrations around farms is
required to examine whether connectivity between
¢sh-farm facilities exists (e.g. Uglem et al. 2009) or
with other important habitats such as marine pro-
tected, coastal habitats or estuaries.
Our results indicate that the interactions between

sea-cage aquaculture and local ¢sheries should be ta-
ken into account in ¢sheries management. Aggre-
gated ¢sh modi¢ed its body condition and the FA
pro¢le, which could a¡ect the subsequent quality of
the catch (Skog et al. 2003). Therefore, spatial plan-
ning of coastal aquaculture should incorporate infor-
mation regarding the ¢sheries spatial distribution to
avoid con£icts among users due to the negative ef-
fects on ¢shing grounds and increase bene¢t to ¢sh-
eries from aquaculture due to export of biomass.
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