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ABSTRACT: The hypothesis that the presence of fish farms affects the communities of wild fish at
large spatial scales was investigated through experimental trawl surveys. Three regions of the
Aegean Sea with aquaculture zones were sampled in May and September (reproductive and recruit-
ment periods, respectively for most species in the Aegean Sea). In each region, 2 sub-areas were
sampled: 1 located nearby the fish farming zones (within 2 to 3 n mile) and a similar site (‘reference
site’) far away from these zones (>20 n mile). Three replicate hauls were made in each sub-area for
each of the 3 investigated regions. Significant differences were observed in community structure
between farming and reference sites, which were mainly due to quantitative rather than qualitative
aspects. The overall abundance and/or biomass of wild demersal fish was significantly higher near
the fish farms in every region studied during May without any significant change in diversity or bio-
diversity. During the recruitment period in September, total abundance and biomass were fairly
similar. These findings support the hypothesis that the presence of fish farms affects the wild fish
populations in the oligotrophic eastern Mediterranean at a spatial scale larger than the immediate
vicinity of fish cages. It seems that during the recruitment period all sites were stocked with fish close
to the carrying capacity of the respective areas, and by late spring the areas close to fish farming
zones had suffered little losses during winter, whereas populations at the reference sites had

decreased substantially.
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INTRODUCTION

The expansion of fish farming in the coastal zone of
the Mediterranean over the last 20 yr has raised the
issue of the interaction between fish farming and fish-
eries, with various implications for the management of
marine resources. This interaction may be addressed
at various spatial scales and it is not obvious that the
answer will be scale-independent. A considerable
research effort has been invested over the last decades
to investigate the environmental impacts of aquacul-
ture (Gowen & Bradburry 1987, Wu 1995, Fernandes et
al. 2001). These effects are expressed at various spatial
and temporal scales (Karakassis 1998), depending on
the nature of the waste released, the physical, hydro-
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graphic and ecological characteristics of the site, and
the efficiency of the management of the farms. The
effects on small spatial scales (beneath or in close
vicinity to cages) have been widely investigated,
including effects on sediment chemistry (Holby & Hall
1991, Hall et al. 1992, Holmer & Kristensen 1992,
Karakassis et al. 1998, Holmer et al. 2002), on benthic
communities (Brown et al. 1987, Weston 1990, Mazzola
et al. 1999, 2000, Karakassis et al. 2000, La Rosa et al.
2001, Mirto et al. 2002), on sea grass (Delgado et al.
1999, Pergent et al. 1999, Ruiz et al. 2001, Holmer et al.
2003), and on nutrients and plankton within the area of
the farm (Pitta et al. 1999, Karakassis et al. 2001).
Most of the aforementioned studies have indicated
that the effects of aquaculture on the benthic environ-
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ment are found within a short distance, normally not
exceeding 25 to 30 m from the edge of fish cages; how-
ever, it is well known that fish farming releases a sub-
stantial amount of nutrients into the marine environ-
ment (Holby & Hall 1991, Hall et al. 1992) and it would,
therefore, be reasonable to expect effects at larger
spatial scales, particularly when a zone of farms is
established in a coastal bay. Such large scale effects
have been reported by Pohle et al. (2001) from the
Canadian coast, showing signs of stress for benthic
macrofauna at distances >200 m from any fish farm in
that area. Effects on wild fish have been investigated
at very short spatial scales (Carss 1990, 1994, Dempster
et al. 2002), indicating a considerable increase in wild
fish abundance and biomass in the immediate vicinity
of fish cages. However, it is not known whether such
changes also affect fish communities in the broader
area surrounding aquaculture development zones and
particularly in oligotrophic environments where nutri-
ent scarcity limits productivity including fisheries pro-
duction. This type of information would be important
in order to estimate the potential negative or positive
effects of aquaculture on coastal fisheries and, there-
fore, to conclude whether there is an objective basis for
conflict between these 2 important uses of the coastal
zone.

In the present study, we investigated the effect of the
presence of fish farms on marine biota of wild fish in 3
areas in the Aegean Sea. The objective of this study
was to test the hypothesis that the presence of fish
farms, and the associated change in the fluxes of nutri-
ents and organic material, could cause a large-scale
effect on fish communities in the area of an aquacul-
ture zone.

MATERIALS AND METHODS

The study areas. The effect of fish farming on wild
fish populations was studied in 3 regions (Evia Island,
Lesvos Island and Chios Island) in the Aegean Sea
(Eastern Mediterranean basin). In each region (Fig. 1),
1 sub-area near the zone of fish farming activity (here-
after referred to as ‘fish-farm site’) and 1 sub-area far
away from these zones (hereafter referred to as ‘refer-
ence site') were investigated in May 2001 and Sep-
tember 2002. Sea bream and sea bass were the reared
species at all fish farm sites. The first sampling took
place before the closed period for trawling in Greece
and during the reproduction period for most of the
commercial fish species (Stergiou et al. 1997), while
the second sampling took place before the open period
for trawling and during the recruitment period for most
of the fish species. Reference sites had comparable
topography, depth and an average distance of 20 n
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Fig. 1. Sampling areas (E: Evia; C: Chios; L: Lesvos islands)

and sites (N: near; F: far). Latitude and longitude in decimal

minutes. X: trawl sampling; @: fish farms; fi: finer sediment

(substrate with more than 40 % silt and clay); co: coarser sedi-
ment (substrate with less than 40 % silt and clay)

miles from the respective fish-farm sites. At all 6 sites,
the substrates were mud and sand mixed with maerl in
different ratios. For data analysis, the substrates with
more than 40 % silt and clay were classified as ‘fine’
and the others as ‘coarse’ (Fig. 1).

Sampling design. During each sampling survey, 3
replicate hauls were made at each site using an otter
trawl with a cod-end bag liner of 28 mm stretched
mesh-size. At the fish farm sites, the samples were col-
lected at a distance of 2 to 3 n miles from the cages,
while at the reference sites, the samples were collected
at similar depths (70 to 80 m) to fish farm sites (Fig. 2).
The haul duration ranged between 40 and 45 min, and
towing speed between 2.8 and 3 knots. The door
spread of the trawl net was calculated for each haul
based on the method of Carrothers (1980). The total
area swept was calculated by multiplying the door
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September
May
Area 1 Area 2 Area 3
(Evia) (Chios) (Lesvos)
Near Far Near Far Near Far

Fig. 2. Sampling design (2 seasons x 3 areas x 2 sites x 3
replicates)

spread by the vessel speed and the fishing time. Fish
species abundance and biomass were expressed as
number of fish or biomass (g) per km?.

Data analysis. To test the effects of aquaculture on
the fish communities, the following measures were
calculated: number of species per haul (S). Since the
number of species is sensitive to the total abundance,
we also used the Shannon-Wiener diversity (H') and
the J evenness indices, which standardise the sample
size with respect to abundance and species number.
Furthermore, we calculated the Simpson (1 — A) index
(i.e. dominance), which is known to be one of the least
affected by sample size (Karakassis et al. 1996). In
addition, the new biodiversity indices (A*, A+, sA+,
A+), based on taxonomic distinctness (Warwick &
Clarke 1995, Clarke & Warwick 1998), were calcu-
lated. Taxonomic distinctness (A*) is the average path
length between 2 randomly chosen individuals from
the sample, conditional on them being of different
species. This is a measure of the average degree to
which individuals in an assemblage are related to
each other (Warwick & Clarke 1995). Average taxo-
nomic distinctness (A+) is the mean path length
through the taxonomic tree connecting every pair of
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species in the tree (Clarke & Warwick 1998). It is cal-
culated by summing the path lengths through a taxo-
nomic tree between every pair of species in the list,
and dividing by the number of paths. Total taxonomic
distinctness (sA+) is the sum (over all species) of the
average distance of each species to all other species.
It provides an estimate of the total taxonomic distinct-
ness of the tree of the species present in the commu-
nity. Finally, variation in taxonomic distinctness (A+) is
the variance of the pairwise path lengths between
every pair of species in the list, reflecting the uneven-
ness of the taxonomic tree. Multivariate analysis of
fish community data (double square-root transforma-
tion) involved the use of the Bray-Curtis similarity
index, and cluster and MDS analyses. The contribu-
tion of each species to the average Bray-Curtis dissim-
ilarity between groups of combinations as well as to
the average Bray-Curtis similarity within a group of
combinations, was identified using SIMPER analysis
(Clarke & Warwick 1994). All these analyses were
carried out by means of the PRIMER-5 software
(Clarke & Warwick 1994).

The log-transformed abundance and biomass data as
well as the diversity and biodiversity indices were
compared by means of analysis of variance (ANOVA)
after checking for homogeneity of variance (Zar 1984).
The comparisons included region, fish farm presence
and substrate per season.

RESULTS
Abundance and biomass

ANOVA for total abundance and biomass of the wild
fish communities (Fig. 3) showed that both parameters
were consistently and significantly higher at the fish
farm site during May. However, this was not the case
for September, i.e. during the recruitment period
(Table 1, Fig. 3).
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Fig. 3. Fish biomass and fish abundance (log-transformed) per season (May, September), per area and presence of fish farm (near,
far). E: Evia Island; L: Lesvos Island; C: Chios Island; N: near; F: far. Average data and the 95 % confidence intervals for 3 repli-
cates are given
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Table 1. ANOVA table for fish biomass and fish abundance, including S (number of species per haul), J (evenness index),

H' (Shannon-Wiener diversity index), 1 — A (Simpson index), A* (taxonomic distinctness), A* (average taxonomic distinctness), sA+

(total taxonomic distinctness) and A+ (variation in taxonomic distinctness), for each season separately (May, September). Region,
fish-farm presence (cages) and substrate type were the factors considered. p: probability. Significant probabilities in bold

May September
Region Cages Substrate Region Cages Substrate

Biomass F 1.55 49.36 1.15 0.93 0.98 1.51

p 0.248 0.00 0.303 0.420 0.341 0.241
Abundance F 1.48 5.6 2.31 6.87 0.02 0.26

p 0.264 0.034 0.153 0.009 0.896 0.616
S F 10.3 15.44 58.44 4.02 0.55 14.48

p 0.002 0.002 0.000 0.044 0.470 0.022
J F 8.57 1.21 1.84 6.1 0.03 0.88

p 0.004 0.291 0.198 0.014 0.864 0.365
H' F 13.47 0 0.28 16.21 0.42 16.86

p 0.001 0.978 0.604 0.000 0.530 0.001
1-A F 8.32 0.06 0.93 5.44 0 7.4

p 0.005 0.812 0.352 0.019 0.954 0.018
A* F 0.29 5.82 17.41 1.07 0.14 8.06

p 0.755 0.031 0.001 0.371 0.711 0.014
A+ F 1.67 0.39 0.57 8.68 0.45 2.3

p 0.226 0.545 0.462 0.004 0.513 0.153
sA+ F 6 7.88 37.97 5.54 0.92 16.12

p 0.014 0.015 0.000 0.018 0.356 0.002
A+ F 7.23 0.59 0.13 6.09 0.05 2.62

p 0.077 0.458 0.722 0.014 0.821 0.130

Diversity

The number of fish species showed significant dif-
ferences with region, substrate and presence of fish
farming during May (Table 1). In all cases, the num-
ber of fish species at the fish farm site was higher
than at the respective reference stations (Fig. 4). The
number of fish species was not significantly different
between fish farm and reference sites during Sep-
tember.
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Fig. 4. The number of species per haul (S) per season (May,

September), per area and fish farm presence (near, far).

E: Evia Island; L: Lesvos Island; C: Chios Island; N: near;

F: far. Average data and the 95% confidence intervals for
3 replicates are given

H' and J indices (Table 1), which standardise the
sample size with respect to abundance and species
number, showed no significant difference in diversity
with respect to the presence of fish farms.

Among the biodiversity indices, A* and the total path
length between any 2 randomly-chosen fish species
(sA+) showed a significant increase at the fish farm
sites during May, but again no significant differences
during September.

Multivariate analysis

Cluster analysis on both the abundance and biomass
data matrices (dendrogram not shown here) defined 2
major groups of hauls related to sediment type. Within
these 2 major clusters, there were several sub-groups
reflecting other sources of variability such as season,
area and presence of fish farms. The results of MDS
(Fig. 5) also showed similar groupings with respect to
sediment type, season and presence of fish farms. The
2-way ANOSIM (Table 2) performed for all different
combinations of the parameters examined (i.e. season,
substrate and presence of fish farms) showed that
proximity to aquaculture zones was 1 of the factors
affecting the similarities among sampling stations. In
other words, within groups of the same season, or sub-
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Fig. 5. MDS analysis of fish abundance and fish biomass. Different symbols
distinguish between substratum type (fine, coarse), season (May, September)
and fish-farm presence (near, far)

strate type or region, the proximity to fish cages played
arole in determining the community structure in terms
of abundance per species or biomass per species (with

the exception of the combination cages X
substrate in terms of biomass).

The SIMPER analysis on species abun-
dance data (Tables 3 & 4) was used to
detect the main community attributes
responsible for the similarities and dis-
similarities among stations, i.e. which spe-
cies were responsible for the qualitative
and quantitative differences that caused
an increase in dissimilarity among stations
taken at different seasons, substrate
types, regions or presence/absence of fish
farms. In almost all cases, the results
pointed to quantitative (levels of abun-
dance) rather than qualitative (presence/
absence of a species) differences in com-
munity structure. This was the case re-
garding proximity to fish farms (Table 4),
where dissimilarities were mainly due to
changes in the abundance of 17 species,
among which, 12 were more abundant at
the fish farm sites and 5 were less abun-
dant. Among those species with in-
creased abundance were commercial
species important to local fisheries such as
Mullus barbatus (average increase in
abundance 56 %), Merluccius merluccius

(+97 %), Pagellus acarne (+159 %) and Diplodus annu-
laris (+504 %). The SIMPER analysis was also per-
formed on the species-biomass data (Table 5), showing

Table 2. ANOSIM table for fish abundance and biomass per season (May, September), Region (Evia, Lesvos, Chios), fish-farm
presence (cages) and substrate. R: ANOSIM R statistic; p: probability. Significant probabilities in bold

Analysis Abundance Biomass
R p R p
Season x Region Season 0.303 0.007 0.481 0.100
Region 0.239 0.002 0.259 0.002
Evia-Lesvos 0.177 0.067 0.194 0.048
Evia-Chios 0.249 0.018 0.203 0.040
Lesvos-Chios 0.311 0.006 0.365 0.002
Season x Cages Season 0.204 0.014 1.000 0.333
Cages 0.179 0.017 0.228 0.003
Season x Substrate Season 0.386 0.001 0.500 0.667
Substrate 0.764 0.001 0.689 0.001
Region x Cages Region 0.861 0.001 -0.111 0.667
Evia-Lesvos 0.974 0.001 0.000 0.667
Evia-Chios 0.679 0.001 0.250 0.667
Lesvos-Chios 0.954 0.001 -0.750 1.000
Cages 0.867 0.001 0.823 0.001
Region x Substrate Region 0.581 0.001 -0.111 0.667
Evia-Lesvos 0.515 0.001 0.000 0.667
Evia-Chios 0.679 0.001 0.250 0.667
Lesvos-Chios 0.614 0.001 -0.750 1.000
Substrate 0.867 0.001 0.823 0.001
Cages x Substrate Cages 0.290 0.001 -0.500 1.000
Substrate 0.879 0.001 0.827 0.001
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Table 3. SIMPER analysis for fish abundance per substrate type (coarse,
fine). Av. abund.: average abundance; av. sim.: average similarity; cum. sim.

(%): cumulative percentage of similarity

higher than at the respective reference
sites during May. The consistency of this
finding supports the hypothesis of a posi-

tive effect of fish farming on the wild fish

Species A‘é-: abund. AV-F"%bund- Av. sim. Cumo~/51m- populations, at a spatial scale larger than

oarse e (%) the immediate vicinity of fish cages. How-
Average similarity: 57.58 % ever, total abundance and biomass were
Serranus hepatus 56.59 4.81 8.36 fairly similar between the fish-farm and
Spicara maena 108.10 4.67 16.47 reference sites during the recruitment
Chelidonichthys lastoviza 44.55 4.48 24.25 C . - .
Mullus barbatus 4621 192 3158 period in September. It is likely that during
Citharus linguatula 16.24 3.77 38.12 the recruitment period, all sites (fish-farm
Serranus cabrilla 18.05 3.76 44.66 and reference) are stocked with fish close
Spicara smaris 123.62 3.27 50.33 : : :
Pagellus erythrinus 1551 314 5579 to the ca.rrymg capacity 9f the respective
Lepidotrigla cavillone 43.57 3.00 61.00 areas. It is also worth noting that the Sep-
Average similarity: 64.74 % tember survey was carried out at nearly
Serranus hepatus 149.95 5.58 8.62 the end of the 4 mo closed season for trawls
Arnoglossus laterna 76.29 4.83 16.08 in the Aegean Sea and, therefore, there
Citharus linguatula 140.67 4.56 23.13 c s
Mullus barbatus 66.76 413 29.51 was a small effect of fishing on demersal
Lesueurigobius friesii 62.79 3.31 34.62 species.
Spicara maena 20.91 3.15 39.49 By late spring, the zones in the vicinity to
Lepidotrigla cavillone 39.43 3.02 44.15 . — .
Merluccius merluccius 16.79 509 4877 fish farm activities had suffered lower w1'nter
Cepola macrophthalma 43.68 2.68 52.92 losses than those at the reference sites,
Serranus cabrilla 15.14 2.42 56.66 where fish populations had decreased sub-
Trisopterus mznbutus capelanus 28.7 2.27 60.17 stantially. Caddy (1993) reports that fishery
Pagellus erythrinus 8.29 2.22 63.59 . . .
Uranoscopus scaber 1.86 1.83 66.41 production for formerly oligotrophic seas
Average dissimilarity: 52.09 % has increased in recent decades, which can
Lesueurigobius friesii 0.46 62.79 2.44 4.69 be attributed to moderate enrichment from
Arnoglossus laterna 18.1 76.29 2.14 8.79 land. Our data seem to support the hypo-
Spicara smaris 123.62 0.27 2.09 12.82 : . : _
Cepola macrophthalma 0 43.68 205  16.76 thesis that fish farming could also be ex
Trisopterus minutus capelanus 6.1 28.70 1.76 20.14 pected to increase fish production in certain
Mullus surmuletus 74.96 0.38 1.61 23.23 oligotrophic ecosystems. This increase
Arnoglossus thori 22.19 0.88 1.60 26.30 cannot be attributed to the consumption of
Citharus linguatula 16.24 140.67 1.44 29.06 .
Trachurus trachurus 42.46 9.69 1.36 31.67 the unused feed pellets beneath fish farms.
Merluccius merluccius 0.63 16.79 1.35 34.27 Itis shown here that the fish species respon-
Chelidonichthys lastoviza 44.55 1.14 1.29 3674 sible for the increase in abundance near fish
Lepidotrigla cavillone 43.57 39.43 1.27 39.17 £ t th v £ db th
Spicara maena 108.1 20.91 120  41.48 arms are not those usually found benea
Pagellus acarne 12.3 6.49 1.18 43.75 cages in the Mediterranean Sea (Dempster
Serranus hepatus 56.59 149.95 1.14 45.93 et al. 2002, Smith et al. 2003), which are
Diplodus annularis 10.71 4.84 1.10 48.04 . .
Boops boops 12.84 108 109 5012 l%kely to feed on partlculate wastes from the
Engraulis encrasicolus 0 6.31 1.08 52.19 fish farms. A possible reason for the increase

similar results. In this case, 19 species were found to
collectively account for 49 % of the dissimilarity among
stations. Only 3 showed low abundance at the fish farm
sites: Spicara smaris (-93 %), Trachurus trachurus
(-82 %) and Mullus surmuletus (-74 %), whereas the re-
maining 16 species showed an increase in biomass
ranging from 10 to 1100 %.

DISCUSSION

In all 3 regions studied, the total abundance and bio-
mass at the putative impacted zone was significantly

could be either an increase in primary pro-
duction due to increased supply of dissolved
nutrient wastes from the fish farms and/or a local reduc-
tion in fishing pressure due to occupation of part of
coastal space by the fish farms.

Although inter-annual variability could partly ex-
plain the observed differences among seasons, there
are other independent indications that the presence of
fish farms has an overall positive effect on wild fish
communities such as the increasing trend of landings
in the investigated areas after the establishment of fish
farms in the early 1990s (Machias et al. 2003), as well
as the significant increase in fish abundance after the
establishment of aquaculture in the case of Evia island
(Machias et al. 2004).
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Two hypotheses could explain the ob-
served differences between the 2 sampling
seasons. The first could be that the fish

Table 4. SIMPER analysis for fish abundance per fish-farm presence (fish-
farm site, reference site). Av. abund.: average abundance; av. sim.: average
similarity; cum. sim. (%): cumulative percentage of similarity

populations inhabiting the wider area are
attracted by the floating structures (cages), Species %Vf abund. ?‘,";‘l;und' Av. sim. Cumo'/SIm'
or by the odour of the food used in fish elerence  Hsh-iarm (%)
farms and, therefore, reach higher densi- Average similarity: 51.53 %
ties at the fish farm sites. Subsequently, as Serranus hepatus 63.87 5.88 11.41
fish populations decline from September to Muilus barbatus 44.11 4.08 19.34
L. Citharus linguatula 22.77 3.95 27.01
May, l.oecause .of natural agd/or fishing Spicara maena 65.67 373 34.26
mortality, the sites near the fish farms are Chelidonichthys lastoviza 36.81 3.32 40.69
constantly replenished with additional fish Serranus cabrilla 12.36 2.95 46.42
biomass from the surrounding area, Pagellus erythrinus , 15.45 2.68 51.62
. . Average similarity: 60.70 %
h, 1 -
.t ereby,remammg close to carrying capac Serranus hepatus 142.67 4.54 7.48
ity. This hypothesis, however, hardly Mullus barbatus 68.85 4.26 14.5
explains the increase seen in landings Lepidotrigla cavillone 61.94 4.25 21.5
after the onset of aquaculture (Machias et Citharus linguatula 134.14 420 2841
1. 2003 Spicara maena 63.34 3.90 34.83
al. )- Serranus cabrilla 20.82 3.18 40.08
Alternatively, the differences between Pagellus erythrinus 8.35 2.68 44.49
the fish farm and the reference sites were XIBIIU?CI'US IT;QIIUCCI'US ;gg ggg ‘;gg;
: : . rnoglossus aterna . . .
present in September (recruitment period Chelidonichthys lastoviza 8.88 211 5555
for most of the species, Stergiou et al. 1997) Pagellus acarne 13.55 2.00 58.84
as well, but they were not detectable Blennius ocellaris 2.50 1.85 61.88
under the applied sampling scheme. It is Average dissimilarity: 47.33 %
well known that the recruitment for most Spicara smaris 118.07 2.83 1.79 3.79
f th ies in th d tak Lesueurigobius friesii 7.56 55.69 1.74 7.47
ol the species in the surveyed areas, takes Arnoglossus laterna 36.53 57.86 1.60 10.85
place in shallow water near the coastline Cepola macrophthalma 1.31 42.37 1.45 13.91
(depth <60 m). Although there is always Trisopterus minutus capelanus 21.91 12.89 1.45 16.97
. . Lepidotrigla cavillone 21.05 61.94 1.44 20.01
an overlap of juveniles and adults, the Pagellus acarne 5.24 13.55 142 23.02
majority of juveniles stay in shallow Mullus surmuletus 67.77 7.58 1.34 25.85
waters, while adults remain in deep waters Citharus linguatula 22.77 134.14 1.34 28.68
; ; ; ; Arnoglossus thori 8.30 14.77 1.29 31.39
after their first maturation, usually in - o0 S churus 46.54 561 126  34.06
spring (T51memdes et al. 1992, Machias et Spicara maena 65.67 63.34 1.19 36.57
al. 1998, Labropoulou et al. 1999, Machias Diplodus annularis 2.21 13.34 1.15 39.00
& Labropoulou 2002, Somarakis & Machias Serranus hepatus 63.87 142.67 1.13 41.37
2002). Th f fish f 1d Merluccius merluccius 5.86 11.56 1.07 43.64
). The presence of fish farms cou Mullus barbatus 44.11 68.85 1.04 4584
result in a higher degree of habitat separa- Callionymus maculatus 3.42 4.02 1.00 47.95

tion between juvenile and adults, as well
as in an increase in the residence time of
juveniles near the coast. As, in the framework of the
present study, we investigated the adult habitat
(depths >70 m), the density of juveniles could have
been underestimated. At the reference sites, the lower
resources and higher competition, could have imposed
a higher dispersion of juveniles, and a higher overlap
of juvenile and adult habitats. The difference in den-
sity and/or abundance between fish-farm and refer-
ence sites was more obvious during spring (reproduc-
tive period for most of the species, Stergiou et al. 1997),
when the fish move to deeper waters. The effect of fish
cages presence on local recruitment needs further and
more targeted research.

The study of diversity, as expressed by different
indices, showed no significant effect in response to the
incidence of fish farming. In other words, the observed

increase in abundance was not accompanied by a sim-
plification of the community: both the number of spe-
cies and the distinctness-based biodiversity indices
(A*) and (sA+) showed an increase at the fish farm sites
in comparison to the reference sites. The same trend
has been observed when comparing the period before
and after the aquaculture establishment in the region
of Evia island (Machias et al. 2004), with these 2 bio-
diversity indices being higher after the establishment
of fish farms in comparison to the ‘before’ period. As
opposed to ‘standard’ diversity indices, which look into
whether individuals belong to the same species, lack
explicit links to functional diversity (Clarke &Warwick
1998) and are largely effort-dependent (Clarke & War-
wick 1999), biodiversity indices measure the degree to
which species are taxonomically related to each other
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Table 5. SIMPER analysis for fish biomass per fish-farm presence (fish-farm
site, reference site). Av. biom: average biomass; av. sim: average similarity;
cum. sim. (%): cumulative percentage of similarity

sal fish community does not change
towards a phylogenetically simplified set
of species, but rather towards an equally

Species
Reference Fish-farm

Av. biom. Av. biom. Av.sim. Cum. sim.

or more diverse community which also
presents higher abundance.

(%) The Simpson index showed no differ-

Average similarity: 51.16 %

Serranus hepatus 562.35 4.96
Mullus barbatus 1199.08 4.65
Spicara maena 1302.81 4.11
Chelidonichthys lastoviza 627.35 3.36
Serranus cabrilla 376.20 3.23
Pagellus erythrinus 317.09 3.08
Citharus linguatula 268.15 2.90

Average similarity: 61.95 %
Mullus barbatus

Citharus linguatula
Spicara maena

Serranus cabrilla
Merluccius merluccius
Serranus hepatus
Lepidotrigla cavillone
Pagellus erythrinus
Chelidonichthys lastoviza
Pagellus acarne
Uranoscopus scaber
Echelus myrus

2056.73 4.76
1649.42 3.96
1530.97 3.90
958.82 3.70
731.69 3.67
1391.33 3.62
759.15 3.61
437.59 3.23
275.66 2.42
565.48 2.05
115.57 1.93
54.41 1.92

Average dissimilarity: 47.28 %

Spicara smaris 1966.17 143.37 1.69
Pagellus acarne 133.21 565.48 1.60
Merluccius merluccius 443.04 731.69 1.47
Mullus surmuletus 1174.02 302.97 1.35
Citharus linguatula 268.15 1649.42 1.34
Trisopterus minutus capelanus 184.34 322.37 1.32
Lophius budegassa 161.87 505.76 1.30
Cepola macrophthalma 39.88 489.75 1.28
Lepidotrigla cavillone 228.63 759.15 1.27
Diplodus annularis 80.90 423.10 1.26
Trachurus trachurus 565.85 103.74 1.14
Spicara maena 1302.81 1530.97 1.14
Boops boops 223.57 247.02 1.06
Serranus cabrilla 376.20 958.82 1.03
Mullus barbatus 1199.08 2056.73 1.02
Echelus myrus 31.14 54.41 1.02
Arnoglossus laterna 108.81 181.50 0.99
Zeus faber 55.40 110.30 0.97
Uranoscopus scaber 29.26 115.57 0.96

ence in dominance between fish-farm and
9.70 reference sites. In other words, there is no

18.79 quantitative change similar to that ob-
ggzg tained when r-selection species prolifer-
39.73 ate in the community in response to a
45.74 severe disturbance.

51.40 The multivariate analyses showed that
768 there was an effect of fish farming on the
1 4"07 overall community structure; however,
20.35 this was mainly attributed to quantitative
26.32 rather than qualitative aspects, that is,
gggg there was a change in levels of abun-
43.91 dance and/or biomass rather than re-
49.12 placement of species. The species found
gggg in the areas investigated during this study
5945 are those typically found in the Aegean
62.56 Sea (Machias et al. 2001). Furthermore, in

most cases, as shown by SIMPER analysis,
3.57 this change was positive resulting in

166?056 higher abundance and biomass close to
12.91 the fish farming zones.

15.74 This type of effect on wild fish assem-
;?g?; blages is likely to occur in any marine
24.00 area affected by fish farming wastes and
26.69 in fact we are not aware of any published
g?gg study having proven the opposite. How-
34.18 ever, there are particular characteristics
36.41 of the Mediterranean marine ecosystems
38.59 which allow these effects to be more read-
:11(2);? ily detectable than elsewhere: (1) the pro-
45.00 nounced oligotrophy of the Eastern
ggg Mediterranean, the low nutrient levels

(Friligos & Gotsis-Skretas 1987) and low

(Warwick & Clarke 2001). Taxonomic distinctness
indices describe features of this taxonomic spread and
are now beginning to find application in environmen-
tal impact assessment, with growing evidence that,
for a given number of species, perturbed communities
usually comprise a more limited taxonomic spread
(Brown et al. 2002, Warwick et al. 2002). Although the
number of species is dependent on the sample size (i.e.
on the number of individuals counted in the samples
obtained), the taxonomic distinctness-based indices
have been shown to be remarkably independent of
sample size (Clarke & Warwick 1998). Taking the over-
all picture into account, it seems that at sites close to
fish farming zones, the overall structure of the demer-

primary production (Sournia 1973); (2) the

phosphorus-limitation of primary produc-
tion (Krom et al. 1991), at least for part of the year; and
(3) the high water transparency (Ignatiades 1998),
allowing the exploitation of nutrient resources deeper
in the water column. The microtidal regime character-
ising this area is also important, since it imposes gener-
ally slower water renewal rates than in macrotidal
areas, thereby allowing a longer residence time of
nutrient-enriched water masses in coastal bays. Fur-
thermore, in a multispecies fishery context such as the
one of the eastern Mediterranean (Stergiou et al.
1997), the effects of fish farm presence are more likely
to be important since the increased production affects
the entire community, not only certain target species.
Of course, these effects are also likely to be related to
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the level of production of the fish farms and the area
topography: very low levels of production (e.g. of a
small-sized farm in a highly exposed area) could go
unnoticed, whereas extremely high levels in very
enclosed areas are likely to result in significant effects.

In several parts of the world (Beveridge et al. 1996),
and particularly in the Mediterranean (Pitta et al. 1999,
Belias et al. 2003), it has been shown that the effects of
fish farming on nutrients and chlorophyll concentra-
tion in the water column are hardly measurable and
only over a short time-scale (Karakassis et al. 2001).
This is probably related to the dispersive nature of the
sites, which allows rapid advection and diffusion, but it
is also likely that there is a rapid consumption and
transfer towards higher trophic levels. In this case, the
fish communities are probably a good indicator of the
increased material flux since they are long-lived
organisms integrating processes over longer time
periods, and their predators are unlikely to respond
promptly to an increase in their biomass.

The overall conclusion is that the presence of fish
farming is likely to have positive effects (at least in
terms of socio-economic aspects) on wild fish assem-
blages at the spatial scales investigated. These could
involve an increase in wild fish biomass by an average
factor of 2.8, as well as in a significant increase (by a
factor of 2) in local fisheries landings (Machias et al.
2003) after the establishment of fish farming zones.
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