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Synopsis

We assessed the influence of two commercial fish farms on the local aggregation of coastal wild fishes through a ‘post-
impact’ sampling design at Gran Canaria Island (Canary Islands). At each farm, we established two controls and one
impact location and estimated fish abundance bimonthly by means of SCUBA diving. Results provide evidence of
local aggregation in the associated fish assemblages around sea-cage fish farms. Dissimilarities between control and
impact locations for both fish farms were due to differences on the abundance of a few species. However, we detected
significant differences by means of some assemblages between controls in one fish farm, as a consequence of the
removal and re-location of cages. Moreover, we also detected significant within location small-scale variability for
several fish assemblages around both sea-cages farms. Otherwise, we did not observe any effect of sampling times.

Introduction

Since initial development of sea-cage aquaculture in
the early 1980s, the number of sea-cage fish farms
has increased rapidly throughout coastal areas of the
world (Ferlin & La Croix 2000). Marine aquaculture
has experienced a fast growth in the Canary Islands
as an alternative to overexploited industrial and tra-
ditional fisheries (Boyra et al. 2002). Two non-native
species are cultured throughout the Canaries: the gilt
head sea bream, Sparus aurata, and the European sea-
bass, Dicentrarchus labrax. At present more than 1 000
metric tons of marine fishes per year are produced.1 As
a result, the need for a sustainable development of this
sector is considered as an essential key factor to be
considered by both local farmers and administration
authorities.

Coastal fish farms may be analogous to large Fish
Attraction Devices (FADs) (Dempster et al. 2002).

1 www.mgar.net/mar/acuicult.htm

The floating cages provide structure in the pelagic
environment, although the unused portion of feed that
falls through the cages probably enhances the attrac-
tive effect (Bjordal & Skar 1992). Although research
into the environmental effects of marine fish farms is
well documented (e.g. impact on seagrasses, transfer
of antibiotic, etc.), little is known of the ecological
impacts of coastal fish farms on wild fish assemblages.
Several authors (Carss 1990, Bjordal & Skar 1992,
Dempster et al. 2002) have pointed out that fish farms
affect the presence and abundance of wild fishes assem-
blages in a given area. These studies have found large
differences in the composition and abundance of fishes
associated with farms, compared with assemblages at
nearby control locations.

However, research has not addressed the study of
the fish farms effects at subtropical latitudes, like the
Canarian Archipelago, where the species most likely
to associate with farms may differ markedly from the
above cited studies. Consequently, the general aim of
this paper was to detect the impact on wild fish popula-
tion due to two mixed S. aurata and D. labrax fish farm
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cages off Gran Canaria Island, by means of establishing
the spatial and temporal persistence of the differences
between the impact and control locations.

Methods

Sampled locations and experimental design

Selection of impact and control locations and sites
within locations followed an asymmetrical sampling
design (Underwood 1992, Kingsford & Battershill
1998) as a post-impact study, based on the methodo-
logical example of Glasby (1997). Consequently, we
established at each farm two controls and one impact
location. For increasing spatial replication, we ran-
domly sampled two sites within each of these locations.
Temporal replication was included by sampling six
times from May 2000 until June 2001 (1 = Jul 2000,
2 = Sep 2000, 3 = Dec 2000, 4 = Feb 2001,
5 = Apr 2001 and 6 = Jun 2001).

We conducted the study at two mixed S. aurata
and D. labrax fish farms located 60 km apart in Gran
Canaria Island, Melenara Farm (MF) and Arguineguı́n
Farm (AF) (Canary Islands, Spain; Figure 1). MF is
located in the eastern coast, while AF is in the southern
coast. Both farms are situated above a sandy seabed
covered by sparse patches of the seagrass Cymodocea
nodosa and the green algae Caulerpa spp. Distance
from the coast ranged from 200 to 300 m and water
depth varied from 9 to 23 m. The numbers of cages
(15 m diameter, net depth = 10–15 m) were 12 for each
farm. However, six cages were re-located at Melenara
in late July 2000 in an area 100 m from control 2.

Estimation of fish assemblages abundance

We sampled fish populations bimonthly by means of
visual census techniques. At each sampling time, we
randomly laid five replicates of 50 m long transects by
boat during daylight hours, at a depth of 9–12 m for
Arguineguı́n and 12–23 m for Melenara, at each site
within each location for both farms. Consequently a
total of 60 transects were carried out for each loca-
tion within each fish farm throughout the study period,
resulting in a total of 360 transects for the overall
study.

We recorded the abundance of fish species on water-
proof paper by a SCUBA diver (Boyra) within 1 m
on either side of the transects, using the technique
described by Lincoln-Smith (1988, 1989) and Kings-
ford & Battershill (1998). We estimated fish estimated
based on a modification of the method presented by
Harmelin-Vivien et al. (1985). Some species of the
family Mugilidae, as well as species belonging to the
genera: Seriola, Gobius, Hippocampus and Trachurus,
could not be identified to species visually and so we
recorded them as genera. Nevertheless, we then treated
each of them as a distinct species in the statistical
analyses (Falcón et al. 1996).

Multivariate analysis

We analysed fish abundance data for each fish farm
using non-metric multidimensional scaling (nMDS)
(Clarke 1993) to assess the differences on commu-
nity structure among impact and control locations and
sampling times within locations. Abundance index

Figure 1. Map of study areas indicating control and impact (cages) locations.
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(Clarke & Warwick 1994), and the results were pre-
sented as two-dimensional plots. Stress values are a
measure of goodness of fit of data points in the nMDS,
and stress equals zero when data are perfectly rep-
resented. If the stress levels were greater than 0.2,
the plots were considered difficult to interpret. The
ANOSIM permutation test was used to assess the sig-
nificance of differences between locations and among
times within locations (Clarke 1993). The SIMPER
procedure for the abundance data pooled over time was
used to identify the contribution of individual species to
differences between locations for each farm. All multi-
variate analyses were carried out using the PRIMER©
statistical package (Clarke & Warwick 1994).

Univariate analysis

Following the criteria appropriate for post-impact
comparisons of impact and natural locations, we
used three-way asymmetrical partially nested ANOVA
models to compare assemblages of fishes among times,
locations and sites for each of both studied fish farms
(Underwood 1994, 1997). There were three locations
(fixed factor) with six sampling times (random ortho-
gonal factor) and two sites (random nested factor).

Prior to ANOVA, we used Cochran’s test to test
for heterogeneity of variances. We transformed data
(
√

x + 1) if variances were significant at p = 0.05, and
[ln(x+1)] if variances were still heterogeneous. Where
variances remained heterogeneous, we used untrans-
formed data, as ANOVA is robust to heterogeneity of
variances, particularly for large balanced experiments
(Underwood 1997).

Results

We recorded a total of 135 248 fishes comprising
55 species and 31 families for both sea-cage fish farms
and adjacent natural control locations.2 Boop boops
and Pagellus acarne were the most abundant species
for the overall study at AF, while B. boops, Sphyraena
viridensis and Heteroconger longissimus were the most
abundant species at MF.2

17 species only occurred at AF in comparison to
control locations. Of these species, five were deme-
rsal chondrichthyes species and four were large pelagic
macrophage species. Otherwise, nine species were
seen only at both control locations. The majority

2 www.canariasporunacostaviva.org

of these species were Sparids, as the three Diplodus
species.2

We observed nine species at MF that were not found
at the nearby control locations, with four of these
species belonging to large pelagic macrophage species.
Ten species (six of them Sparids) were observed only
at the two control locations.2

Multivariate community analyses

The two-dimensional nMDS revealed a clear separa-
tion of control and impact locations for Arguineguı́n
(stress value = 0.1) (Figure 2). However, this sepa-
ration is less appreciable for Melenara (stress = 0.1)
(Figure 2), where control 2 had fish assemblages
more similar to the impact location, as a probable

Figure 2. nMDS plot ordination of fish species abundance data
at each location (c1: control 1, c2: control 2 and i: impact) and
sampling time (1 = Jul 2000, 2 = Sep 2000, 3 = Dec 2000,
4 = Feb 2001, 5 = Apr 2001 and 6 = Jun 2001) for both studies
of fish farms.



396

consequence of the removal and re-location of six
sea-cages in late July 2000, near control 2. These dif-
ferences were statistically demonstrated by ANOSIM
tests. Pairwise comparisons between control and
impact locations throughout the study gave highly sig-
nificant global R values for Arguineguı́n (control 1 –
impact: R = 0.431, p = 0.001; control 2 – impact:
R = 0.399, p = 0.001), as well as for Melenara (con-
trol 1 – impact: R = 0.401, p = 0.001; control 2 –
impact: R = 0.107, p = 0.001). Likewise, a significant
difference has been observed between control 1 and
control 2 for Melenara (R = 0.274, p = 0.001), while
this difference was not significant for pairwise com-
parison between controls for Arguineguı́n (R = 0.007,
p = 0.271).

Dissimilarities among locations for each farm were
partially due to large differences in the abundances of
a few fish species, as the SIMPER analysis indicated
(Table 1). Abundances of B. boops and P. acarne were
important in differentiating the impact location from
both controls in Arguineguı́n (Table 1). Meanwhile the
abundances of B. boops and S. viridensis (Table 1) were
involved in separating impact location from controls in
Melenara.

Univariate analyses

The abundance and richness of fish assemblages and the
abundance of individual species fluctuated at various
scales. For the sake of brevity, a subset of assem-
blages (total fish abundance; total fish abundance with-
out B. boops, P. acarne and S. viridensis, named as
‘partial fish abundance’; and the total abundance of
chondrichthyes species, Figure 3), as well as those
species that most significantly influenced dissimilar-
ities between impacts and control locations (B. boops,
P. acarne and S. viridensis, Figure 4) are presented.
Selection of assemblages has two main criteria: (a) the
possibility of comparison with other studies and (b)
sensitivity to detection of impacts. A summary of the
ANOVA analyses are given in Table 2 for Arguineguı́n,
while results for Melenara are presented in Table 3.
In all analyses, significant differences (p < 0.05,
Tables 2 and 3) between control and impact loca-
tion means were obtained for all analysed assemblages
(Figures 3 and 4), indicating a strong attraction of
coastal fish assemblages around both studied farms.
Moreover, we have detected statistically significant dif-
ferences by means of the factors ‘total abundance’
(F = 11.03, p < 0.05), ‘partial fish abundance’

Table 1. Summary of the results from the SIMPER procedure.

Species Contribution to
dissimilarity (%)

1. Arguineguı́n
Control 1–control 2 B. boops 13.38
D = 50.83 S. cantharus 9.04

D. annularis 7.85
M. surmuletus 6.64
P. acarne 6.29

Control 1–impact B. boops 12.21
D = 74.73 P. acarne 9.86

S. salpa 5.34
Mugilidae 5.32
S. viridensis 4.67
D. annularis 4.03

Control 2–impact B. boops 12.28
D = 77.86 P. acarne 10.63

S. salpa 5.55
Mugilidae 5.53
S. viridensis 4.85
S. aurata 3.92

2. Melenara
Control 1–control 2 B. boops 16.86
D = 45.18 H. longisimus 14.24

D. annularis 6.48
C. rostrata 4.5
S. cantharus 4.46
M. surmuletus 4.38

Control 1–impact B. boops 17.03
D = 50.07 S. viridensis 8.13

S. cantharus 7.4
H. longisimus 6.24
S. japonicus 5.83
G. altavela 4.52
M. aquila 4.23

Control 2–impact B. boops 10.90
D = 39.56 S. viridensis 7.38

H. longisimus 6.42
S. japonicus 6.2
D. annularis 5.14
S. cantharus 4.95
G. altavela 4.51

Impact–impact P. acarne 10.94
D = 52.01 H. longisimus 7.96

S. salpa 5.64
Mugilidae 5.35
S. cantharus 4.63
S. japonicus 4.00

(F = 15.51, p < 0.05) and ‘total chondrichthyes abun-
dance’ (F = 16.32, p < 0.01) (Figure 3) caused by
inter-controls variability within Melenara (Table 3),
although these differences have not been significant
(p > 0.05) for Arguineguı́n (Table 2). Otherwise,
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Figure 3. Mean total, partial and chondrichthyes fish abundance
for study locations within each sea-cage farm. Error bars represent
SE of means. C1: control 1, C2: control 2.

significant differences (p < 0.05) attributable to the
factor ‘Sites’ (nested with the interaction term ‘L×T’)
have been detected for all assemblages with the excep-
tion of the variables ‘total chondrichthyes abundance’
(F = 1.44, p > 0.05) and ‘partial fish abundance’

Figure 4. Mean abundance of selected fish species for study loca-
tions within each sea-cage farm. Error bars represent SE of means.
C1: control 1, C2: control 2.

(F = 1.39, p > 0.05) at Arguineguı́n (Table 2); most
probably as a consequence of natural patchiness of
wild fish populations. Therefore, small-scale spatial
variability was less in Arguineguı́n than in Melenara.
Finally, neither the interaction term ‘L × T’, nor the
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Table 2. ANOVA results on means for differences in total fish abundance, partial fish abundance, B. boops abundance, P. acarne
abundance and total chondrichthyes abundance for Arguineguı́n.

Total Partial fish B. boops P. acarne Total Chondrichthyes
abundance abundance abundance abundance abundance

MS F MS F MS F MS F MS F

Locations = L
Impact vs. control 416.17 109.56∗∗ 80.22 29.42∗∗ 292.01 66.47∗∗ 71.26 6.04∗ 30.88 56.95∗∗

Between controls 0.78 0.06 3.34 1.62 5.82 0.36 0.12 2.75 0.02 1.09
Time = T (L × T) 14.99 2.29 3.32 2.31 23.22 2.45 5.38 0.66 0.27 1.17

Impact vs. time 3.79 0.58 2.72 1.3 4.39 0.46 11.78 1.46 0.54 2.31
Control vs. time 11.36 1.74 2.05 0.98 15.74 1.66 0.04 0.005 0.02 0.08

S (L × T) 6.52 2.43∗∗ 2.08 1.44 9.45 1.93∗ 8.05 5.48∗∗ 0.23 1.39
Residual 2.67 1.44 4.87 1.46 0.16

∗ p < 0.05, ∗∗ p < 0.01.

Table 3. ANOVA results on means for differences in total fish abundance, partial fish abundance, B. boops abundance, S. viridensis
abundance and total chondrichthyes abundance for Melenara.

Total Partial fish B. boops S.. viridensis Total Chondrichthyes
abundance abundance abundance abundance abundance

MS F MS F MS F MS F MS F

Locations = L
Impact vs. control 102.57 47.19∗∗ 10.68 10.81∗ 266.90 47.96∗∗ 16.05 18.61∗∗ 51.76 14.22∗

Between controls 61.74 11.03∗ 41.98 15.51∗ 47.71 2.00 0.07 2.31 0.90 16.32∗∗

Time = T (L × T) 2.11 0.34 2.38 1.46 6.75 0.45 0.50 0.39 2.38 1.46
Impact vs. time 2.17 0.35 0.98 0.60 5.56 0.37 0.90 0.71 3.63 2.23
Control vs. time 5.59 0.91 2.70 1.66 23.75 1.60 0.03 0.02 0.05 0.03

S (L × T) 6.12 2.25∗∗ 1.62 1.64∗ 14.79 1.99∗ 1.27 3.08∗∗ 1.62 1.64∗

Residual 2.71 0.98 7.43 0.41 0.98

∗ p < 0.05, ∗∗ p < 0.01.

main effect ‘Time’ (Tables 2 and 3) have influenced sig-
nificantly (p > 0.05) any fish assemblage throughout
our research.

Discussion

Our results show that both coastal sea-cage fish farms
in Gran Canaria Island attract wild fishes in great
numbers. Higher fish abundance (e.g. total fish abun-
dance, total chondrichthyes abundance and individual
fish species abundance) at both of two fish farms when
compared with nearby control locations; clearly indi-
cate the attractive effect of these two fish farms to wild
fishes. These differences were also shown to persist
over time.

Our results differ greatly from those of Carrs (1990)
and Bjordal & Skar (1992), who compared total abun-
dance of wild fishes around fish farms and control sites

in northern Europe. Both those studies found an effect
of size on total wild fish abundance equivalent to 10s
to 100s of fishes. However, the effect detected by our
study is similar to that observed by Dempster et al.
(2002) in the south-western Mediterranean Sea. Thus,
this effect is quantified in terms of 100s to 1 000s of
fishes per 100 m2. This difference may be explained
by: (1) attraction of a wider variety of fish species in
warmer water than in cold water areas, and (2) dif-
ferences in the sampling protocols employed by each
study (seine and gill nets vs. visual censuses), since
net sampling directly beneath the cages, where fishes
are most abundant, is not possible due to the array of
mooring blocks and ropes.

In this study species that were particularly attracted
to farms were species that usually school in open water
(B. boops and S. viridensis) or in the bottom of coastal
seagrass meadows and sand substrate (P. acarne), as
well as to large coastal-pelagic macrophages species
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(e.g. Carangids) and demersal chondrichthyes. Com-
parison with natural and artificial structures (FADs)-
associated assemblages in the Canarian Archipelago
provides some basis to asses the effect of the sea-
cages on the attracted wild fish populations. The fish
species that dominate assemblages around both stud-
ied fish farms clearly differ from those observed in
natural sandy bottoms and artificial structures (FADs
and artificial reefs) in Gran Canaria Island. Sparids,
such as B. boops and P. acarne, are very abundant
around the fish farm located at Arguineguı́n. However,
both species are at significantly lower abundance at
the nearby Arguineguı́n artificial reef (Herrera 1998)
and the FADs system located in the same coastal
area (Castro et al. 1999). The abundance of both
species is much greater that those observed by Falcón
et al. (1996) in a sandy bottom covered by the sea-
grass Cymodocea nodosa off the south coast of Gran
Canaria (21 and 120 times for B. boops and P. acarne,
respectively). Similar results have been observed for
the total abundance of chondrichthyes species within
this coastal area. Average total abundance of demer-
sal chondrichthyes throughout our research at AF was
nine times the average overall abundance in a study by
Herrera (1998) at the nearby Arguineguı́n artificial reef,
and about 200 times the mean overall abundance per
100 m2 obtained by Falcón et al. (1996) for the Canarian
Archipelago. The average abundance of S. viridensis
detected for the study at MF is one of the highest
observed in the Canarian Archipelago and 16 times
the average abundance of these fishes for the overall
Canarian Archipelago (Falcón et al. 1996).

Consequently, fish farms do not act as conventional
artificial reefs or FADs in the attraction of wild fishes.
As Dempster et al. (2002) have pointed out, a com-
bination of the persistent artificial food input and
the chemical attraction from farmed fishes probably
greatly influence which species of wild fishes associate
with farms.

Dempster et al. (2002) have observed great differ-
ences in the coastal fish species composition among
locations over a scale of 100s of kilometres throughout
the south-eastern Mediterranean. In our study, differ-
ences in the associated fish assemblages between both
studied farms are attributable to physical factors intrin-
sic to each farm and ecological differences between
both the farms, i.e., differences in fishing pressure,
degree of wave exposure, type of bottom and specially,
the marine habitats that surround each fish farm. More-
over, the presence and abundance of some species may

change the assemblage structure of fishes around cages,
since fishes that turn up first may have great influence
on the fish assemblages (Dempster et al. 2002). This
fact has been extensively reviewed in artificial reefs
literature (e.g. Bohnsack 1989).

The lack of similarity between the two control loca-
tions at Melenara and therefore, the high similarity
between control 2 and the impact (cages) location,
was probably caused by the removal of six cages in
July 2000 at this farm. These cages were re-located in a
place close (∼100 m) to control 2. Consequently, and
as the multivariate and univariate analyses have shown,
the fish assemblages associated to control 2 has been
more similar to the fish assemblages around the impact
location.

This fact clearly indicates that the ‘cage effect’
is extended horizontally through the water column
along 10s of metres. Although variability caused by
sites (small-scale variability) within a location are
ecologically important and show how assemblages
experience patchiness over time (Roberts 1996), the
high small-scale variability detected for the fish assem-
blages within the Melenara area is also attributable
to the relocation of six cages in a zone near to con-
trol 2. Hence, one of the sites within control 2 has had
more influence from the nearby relocated sea-cages
than the other. Nevertheless, this inter-site patchi-
ness is also influenced by ecological features of each
taxa and/or assemblage. Thus for example, P. acarne
has displayed higher aggregations that B. boops at
Arguineguı́n.

In addition, our study assessed the effect of sea-
sonality on the fish assemblages around both sea-cage
fish farms, although we did not find any significant
influence of seasonality on the fish assemblages asso-
ciated with both fish farms. This is not surprising, since
several publications regarding coastal fish populations
along the Canarian Archipelago have not found statisti-
cally significant differences on some fish assemblages
caused by seasonality (e.g. Falcón et al. 1996, Tuya
et al. 1999). Falcón et al. (1996) has considered that
the impact of the very large fishing pressure on the fish
populations dynamics along the Canary Islands may
exceed the impact that other more natural seasonal fac-
tors may have, such as food availability, competition
or productivity. Further, coastal sea water temperature
only range from 18◦ to 23◦ in Gran Canaria Island (e.g.
Garrido et al. 2000), in contrast for example, to a vari-
ation from 12◦ to 25◦ in the Mediterranean Sea (e.g.
Pérez & Camp 1986).
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In our study we observed few S. aurata and D. labrax
escapees at either fish farms. Small escapes (10s to 100s
of fish) are due to the loss of fishes during harvesting,
while mass escapes (10 000s to 100 000s of fish) are
caused by storms. The European sea-bass, D. labrax,
is a non-native fish within the Canarian Archipelago,
while the gilt head sea-bream, S. aurata, is only found
along the eastern islands of the Archipelago (Brito
1991). There is currently no study that has assessed the
impact of the introduction of non-native fish species,
such as D. labrax, along coastal waters of the Canary
Islands. There is, therefore, a clear need for such
type of study, addressing the biological and ecological
implications of such invasions.

Regional authorities have planned future develop-
ment of the installation of several fish farms along the
coastal waters of the Canarian Archipelago, but without
any scientific support. Fish farms, in addition to their
strong fish attraction effect, seem to seriously affect
both pelagic and benthic systems (Alongi et al. 2003).
There is, consequently, a need for baseline informa-
tion on the fishes that have the potential to associate
with sea-cage fish farms. Although the approach used
in our study (visual census) enabled us to compare fish
assemblages between control and impact locations, fur-
ther research requires an individual-based approach.
Thus, knowledge of movement of fishes around farms
and estimates of residency times, as well as feeding
behaviour studies through stomach contents, are key
factors to achieve a global idea of their role in the
dynamics of coastal fish farms.
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J. Chevalier, J. Duclerc & G. Lasserre. 1985. Evalua-
tion visuelle des peuplements et populations de poissons:
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