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Problem

Abstract

The impact of fish farming facilities on Posidonia oceanica meadows was
assessed from studies of intensive facilities carried out over the last few years.
The disturbances caused by these fish farms were measured by means of both
abiotic (light, sediment, interstitial water) and biotic variables (meadow den-
sity, leaf biometry, lepidochronology, primary production, epiphytes, reserve
carbohydrates in the rhizomes), in function of increasing distance from cages
and/or inside a geographically close reference site. The results showed signifi-
cant degradation of these seagrass meadows in all the sectors investigated.
When fish farming cages were placed above a P. oceanica bed, the meadow was
severely degraded or disappeared and the sediment showed a strong increase in
organic matter that could lead to anoxia phenomena. The irreversible impact
of fish farming projects on P. oceanica meadows requires the application of the
precautionary principle. Several recommendations (site selection, preliminary
studies and monitoring over time) are suggested in order to enable piscicultur-
al activities to be incorporated in a global process of Integrated Coastal Zone
Management.

In some cases the development of pisciculture seems
to be a threat to the quality of coastal zones (Videau &

The term aquaculture covers all activities whose objective
is the production and commercialization of aquatic spe-
cies, whether (i) plants or animals, (ii) fresh, briny or
salty water, (iii) a part of or all of the reproduction cycle
(Barnabé 1989). In 1990, Mediterranean aquaculture pro-
duced 130,000 tons of fish, molluscs and crustaceans, i.e.
1.6% of world marine aquacultural production (De La
Pomélie 1991). At present, the piscicultural production
represented more than 654 million dollars, and the devel-
opment of aquaculture is attracting numerous Mediterra-
nean countries (e.g three new countries started
production in 1999; Belias & Dassenakis 2002; FAO
2006). In 2003, Italy, Greece and Spain are the three
countries with a major production in the Mediterranean
Sea, with respectively 172,287, 138,713 and 82,273 tons of
marine fish (FAO 2006).

Merceron 1992), and therefore to certain uses (coastal
recreation and tourism in PNUE 1999). Because of
(i) their specific geographical locations, often in sheltered
bays where water circulation is limited, (ii) the large
quantities of waste (unconsumed food, excretion),
(iii) the frequent use of ‘sanitary’ substances (antibiotics,
oligo-elements), aquacultural installations can have a neg-
ative impact on the natural environment (Handy & Pox-
ton 1993; Hevia et al. 1996; Miner & Kempf 1999; Boyra
et al. 2004; Machias er al. 2004).

While the impact of intensive marine pisciculture
(cages) has been the subject of numerous studies in
Northern Europe (e.g. development of salmon farming;
Gowen & Bradbury 1987; Munday et al. 1994; Merceron
& Kempf 1995; Wu 1995), there is less data concerning
its impact in the Mediterranean Sea, where the activity is
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more recent (Mendez et al. 1997; Karakassis et al. 1999,
2000, 2002; Pergent et al. 1999; Cancemi et al. 2000,
2003; Dimech et al. 2000a,b; Mazzola et al. 2000; Ruiz
2000; Ruiz et al. 2001; Machias et al. 2004). Recently, the
European programs ‘Medveg’ and ‘Meramed’ were real-
ized in the Mediterranean Sea (Medveg 2006; Meramed
2006). The projects are focused particularly to provide
information on the loss of dissolved and particulate efflu-
ents at fish farms, on the nutrient regeneration in fish
farm sediments and on effects on population dynamics of
seagrasses in fish farm surroundings (Marba et al. 2006).
Posidonia oceanica (L.) Delile, a marine magnoliophyte
endemic to the Mediterranean Sea, plays a major ecologi-
cal, sedimentary and economic role in coastal ecosystems
(Bellan-Santini et al. 1994; Costanza et al. 1997). P. ocea-
nica is formed by a rhizome, horizontal or erect, with
sheaths attached to it and a foliar shoot at the apex. Posi-
donia shoots make up dense meadows between the sur-
face and at 40 m depth (Proccacini et al. 2003). Rhizome
growth rate is very low, between 1.0 and 7.0 cm-year ' on
average (Caye 1982). These seagrass meadows produce
enormous quantities of organic matter (leaves, epiphytes),
which constitute the basis of the food web both within
and outside the ecosystem. This production is also expor-
ted to other ecosystems, where it is the main source of
food (Pergent et al. 1994; Walker et al. 2001). P. oceanica
is legally protected in many Mediterranean countries
(Platini 2000). Despite these protection measures, signifi-
cant regression of these meadows has been shown in sev-
eral sectors of the Mediterranean coastal zone, in
particular around conurbations and large industrial port
centres (Ardizzone & Pelusi 1984; Boudouresque 2003).
In 1999, the United Nations Environment Programme
(UNEP) adopted an action plan for the conservation of
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marine vegetation in the Mediterranean Sea, in which
P. oceanica meadows featured as a priority habitat (Anony-
mous 2000).

In this context, a first review of the impact of these fish
farming facilities, established on the basis of the studies
carried out over the last few years, is required. The ever
increasing demands of fish-farming professionals, often
together with stakeholders, for the setting up of new facil-
ities requires a true assessment of the impact of these
activities on the natural environment, particularly P. ocea-
nica meadows, the cornerstone of Mediterranean coastal
ecosystems. In addition to simply protecting P. oceanica
meadows, the definition of potential sites appropriate for
the development of fish farming facilities, reconciling the
preservation of the natural environment with economic
development, is a decision-making aid for many local
authorities with a view to Integrated Coastal Zone Man-
agement (ICZM).

Case Studies

Several studies, carried out since the 1990s (Table 1), con-
cern intensive fish farming facilities, using cages, for sea
bass Dicentrarchus labrax (Corsica — Verneau et al. 1995;
Pergent et al. 1999; Cancemi et al. 2000, 2003; Sardinia —
Pergent et al. 1999), sea bream Sparus aurata (Balearic
Islands — Delgado et al. 1997, 1999; Malta — Dimech et al.
2000a,b), amberjack Seriola dumerilii (Spain — Ruiz 2000),
or several of these species (Ruiz 2000; Ruiz et al. 2001).
The production of these farms varies from a few tons
(Sant’Amanza Gulf, Corsica, 15 t-year '; Figari Bay, Cor-
sica, 18 t'yearfl) to several hundred tons (Aranci Gulf,
Sardinia, 200 t'year_l, El Hornillo Bay, Spain, 700-
800 t-year '). The disturbance caused by the fish farming

Table 1. Location and main characteristics of studied sites. Opening date corresponds to the date of the first exploitation; Surface and produc-

tion correspond to the values recorded during the studied period.

depth opening surface and
site location (m) date production habitats references
Ajaccio Bay N41°54’06”, E08°38712” 18-25 1989 P. oceanica Verneau et al. (1995)
(Corsica)
Figari Bay N41°2811”, E09°03’54” 9-10 1985 700 m?, 18 tons P. oceanica Pergent et al. (1999),
(Corsica) Cancemi et al. (2000)
Sant’Amanza N41°24°26”, E09°1325” 5-7 1988 320 m?, 15 tons P. oceanica Pergent et al. (1999),
(Corsisa) Cancemi et al. (2000)
Aranci Gulf N40°58’59”, E09°38’05” 23 1991 8000 m?, 200 tons P. oceanica Pergent et al. (1999),
(Sardinia) Cancemi et al. (2000)
Fornells Bay N40°03"12”, E04°08"17" 5-6 1986 1500 m?, 2277 tons P. oceanica, Delgado et al.
(Minorca) C. nodosa (1997, 1999)
Hornillo Bay N37°24’30”, E01°33"30” 5-20 1989 70000 m?, 800 tons P. oceanica, Ruiz (2000),
(Spain) C. nodosa Ruiz et al. (2001)
Saint Paul Bay N35°57°05”, E14°23’43” 12-16 1991 3600 m? P. oceanica Dimech et al. (2000a)
(Malta)
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facilities is usually assessed using a variety of factors (light,
sediment, interstitial water) and biotic variables (meadow
density, leaf biometry, lepidochronology, primary produc-
tion, epiphytes, reserve carbohydrates in the rhizomes) in
function of increasing distance from the cages and/or
inside a geographically close reference site.

The increase in turbidity recorded near the cages leads
to a significant reduction in light intensity. This reduction
is estimated to be more than 30%, on average, under the
cages in Figari Bay (Corsica; —10 m; Pergent et al. 1999)
and 23% at 40 m from the El Hornillo cages (Spain;
—8 m; Ruiz et al. 2001). When the cages are situated in
shallow zones, irradiance at seabed level remains much
higher than that measured at the lower limit (maximum
extension depth due to light availability) for P. oceanica
meadows. Nevertheless, this factor needs to be taken into
consideration for fish farming facilities situated over dee-
per meadows (Verneau et al. 1995). In addition, the
shade cast by the cages (independently of turbidity) signi-
ficantly reduces the density of the P. oceanica shoots
(Ruiz 2000; Ruiz & Romero 2001).

Furthermore, there is an increase in the levels of
organic matter and silt close to the cages (Delgado et al.
1999; Pergent et al. 1999; Dimech et al. 2000a). This
enrichment in organic matter is best observed at the level
of the deepest layer of sediment (Fig. 1; layer 10-15 cm).
Beneath the cages, the sediment is black and anoxic, giv-
ing off methane CH, and hydrogen sulphide H,S (Kara-
kassis et al. 2002). Close to the cages, the fauna is
dominated by the polychaete Capitella capitata, a species
indicative of very heavy pollution (Bellan et al. 1975;
Karakassis et al. 2000).

Other factors such as concentrations of nutritive salts
(Table 2) and levels of chlorophyll and pheopigments are
also strongly influenced by the presence of the cages
(Pergent et al. 1999).
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Fig. 1. Variations of organic matter levels in the sediment, in func-
tion of the distance from the cages and the layer of sediment con-
cerned (0-5, 5-10 and 10-15 cm), Sant’Amanza, April 1994 (Pergent
et al. 1999).
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Table 2. Concentrations of nutrients (mean + 95% confidence level)
in the interstitial water of the sediment (um) at three stations in Figari
Bay and in the Moines Islands reference site (Cancemi et al. 2003).

Om 20 m 100 m Les Moines

total phosphorus 2206 (£429) 786 (x229) 568 (£33) ND

(mgkg™)

NO3 2.5 (+0.7) 3.7 (#0.8) 2.3(x0.9) 3.1 (+0.8)
NH:‘r 19.5 (+8.7) 12.4(x2.3) 8.4 (x1.6) 1.8 (x1.1)
PO;~ 52 (x0.6) 1.8(x0.6) 1.3(x0.6) 1.7 (x0.6)
ND, no data.

Numerous changes were observed in the P. oceanica
meadows: in particular, the density (number of shoots
per m’) showed a significant decrease in the vicinity of
the cages (Table 3). Even at a distance of 300 m, the
mean density measured at the Figari (Corsica) and
St Paul (Malta) sites was still low compared with density
values regarded as ‘normal’ for this depth (Pergent-Mar-
tini et al. 1999). In El Hornillo Bay (Spain), the impact
on P. oceanica is detectable up to several hundred metres
from the cages; 11 ha of meadow were destroyed and
10 ha significantly degraded (decrease in shoot density),
which represents a total of 53% of the initial surface area
of meadow in the bay; the surface area of meadow des-
troyed or degraded is seven times larger than that of the
zone occupied by the cages (Ruiz 2000; Ruiz et al. 2001).
Contrary to what has been observed with other benthic
populations, for which certain authors note no impact
beyond 25-30 m from the cages (Karakassis et al. 2000,
2002; Machias ef al. 2004), the impact on P. oceanica
meadows is thus perceptible over large distances.

In the Balearic Islands, monitoring of P. oceanica and
Cymodocea nodosa meadows over time shows a significant
regression of these formations after the setting up of fish
farming facilities (Delgado et al. 1997). This regression
takes the form of a reduction in the density of the mead-
ows, or even their disappearance (Fig. 2). In addition,
Delgado et al. (1999) showed that the regression contin-
ues 3 years after the end of fish farming activities.

While the average number of leaves per shoot does not
seem to be influenced by the presence of a fish farming
facility, in spring the average length of adult and interme-
diate leaves increases significantly close to fish farming
facilities (Fig. 3), as does the surface area (Leaf Area
Index) and leaf biomass (expressed per m? Pergent et al.
1999). However, in summer, the average length of these
leaves is reduced close to the cages (Delgado et al. 1999;
Dimech et al. 2000b); this phenomenon could be the
result of higher grazing pressure during a period of the
year when leaf growth is reduced, and when the develop-
ment of epiphytic algae could lead to competition with
respect to P. oceanica. This hypothesis is corroborated
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Table 3. Density of the Posidonia oceanica
meadow (number of shoots per m2).

Impact of fish farming facilities on Posidonia oceanica meadows

distance to cages

sites beneath cages 1 m 20m 80 m 300 m ‘normal values’

Figari (-=10m) 0 63+ 11 108+ 16 250 +28 313 +41 349-573
Corsica®

St Paul (-12m) O 225+ 20 310+ 30 303-527
Malta®

Aranci (=23 m) 0 110 £ 16 175 £29 200 +32 137-361
Sardinia

Average values + confidence interval (95%). The ‘normal values’ according to Pergent-Martini
et al. (1999) are given in the last column.

Pergent et al. (1999).

Dimech et al. (2000b).

1988 transect 1

fish cultures | transect 2

I T T !

Depth (m)

Depth (m)

R N

Fig. 2. Variations of Posidonia oceanica and
Cymodocea nodosa meadows from 1988 to
1990, in the Balearic Islands after the setting
up of fish farming facilities (Delgado et al.
1997). The figures correspond to the mean
(standard deviation in brackets) of the density
of the leaf shoots.

(i) by an increase in coefficient A (percentage of broken
leaves — without apex), which indicates the impact of her-
bivores close to the cages (Pergent et al. 1999) and (ii) by
the values obtained during the course of an annual cycle
(Cancemi et al. 2003). In El Hornillo Bay (Spain), Ruiz
(2000) and Ruiz et al. (2001) attribute the bulk of the
regression of the P. oceanica meadow, both direct and
indirect, to the increase in grazing by herbivores; the ini-
tial cause of this would be that the leaves are richer in
nitrogen closer to the cages, and that the herbivores
choose grazing sites in function of the nitrogen content
of the grazed plants (Ruiz 2000); this overgrazing reduces
the photosynthetic potential of the P. oceanica, and con-
sequently the storage of reserve carbohydrates in the rhi-
zomes; the annual growth cycle of the plant, whose
carbon balance is negative for much of the year, depends
on these reserves (Alcoverro et al. 2001).

s 40 3 2 10 10
meters

[1] Prerissgzenice
I J Fosidonia sceanica
shori leaves « 20 om
Cymodacea nodoss
long leaves

V'  Cymodoces nodosa
orl leaves < 10 om

Sand or living rhizomes
Diegraded seagrass meadow

Degraded or dead seagrass
meadow with visible dead
Posidoria rhizvomes

B EBO

Dhead seagrass meadow

The biomass of the epiphytes of P. oceanica leaves increa-
ses sharply close to fish farming facilities (Fig. 4; Ruiz et al.
2001); on average epiphyte biomass varies over the year
between 93.5 * 45.8 mg per shoot (Figari, Corsica, 20 m),
51.5 + 55.3 mg per shoot (Figari, Corsica, 100 m), and
37.8 £ 35.0 mg per shoot (Moines Islands reference zone,
Corsica; Cancemi et al. 2003). Nevertheless, the maximum
values are not observed at the closest station to the cages
(where nutrient levels are highest), but at a distance
between 20 and 40 m (Pergent et al. 1999; Dimech et al.
2000a). This result could be explained by the copper added
to the fish food (estimated at between 450 and 500 gyear "
for the Figari fish farm; Pergent et al. 1999) and to the nets
of the cages (antifouling action) acting as an algicide in the
immediate proximity of the cages.

Neither the number of leaves produced annually nor
the growth rate of the rhizomes seems to be influenced
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Fig. 3. Variation of the length of adult (n = 21 to 41) and intermedi-
ate (n = 22 to 40) leaves, in function of the distance from the cages
in Figari Bay, May 1994. The confidence interval (95%) is indicated
(Pergent et al. 1999).

Fig. 4. Appearance of the Posidonia oceanica meadow, at 80 m (A)
and 300 m (B) from the Figari cages (April 1994).

by the starting up of fish farming facilities or the distance
from the cages. However, the P. oceanica near the facilit-
ies has a particularly highly developed root system which
seems to result from an adaptation to silting (allowing a
better resistance to water movement, Pergent et al. 1999).

Pergent-Martini, Boudouresque, Pasqualini & Pergent

Table 4. Production of Posidonia oceanica with increasing distance
from a fish farm in Figari Bay (Corsica) compared with a reference
site: Les Moines (Cancemi et al. 2003).

20m 100 m Les Moines
Leaf production (g PS m™) 82.9 123.0 1022.5
Rhizome production (g PS m=2) 5.0 6.2 48.1
[ Copper =O==Zinc
10.0 120.0
9.0
8.0+ +100.0
70T
o +80.0 &
% 6.07 3
é‘a 5.0+ +60.0 é‘}
= 401 =
© 304 T40.0 N
207 1200
1.0+
0.0 t t 0.0

0 80 300
Distance to the cages (m)

Fig. 5. Average concentrations of Copper and Zinc (ug-g~' PS) in
rhizomes of Posidonia oceanica, in function of the distance from the
Figari cages (Pergent et al. 1999).

Primary production, measured by lepidochronology
over the course of an annual cycle, gives much higher val-
ues for the reference station (Moines Islands) than close
to the fish farming cages (Table 4; Cancemi et al. 2003).

The levels of Copper and Zinc recorded in the rhi-
zomes of P. oceanica are higher close to the cages (Fig. 5).
In addition, Zinc levels in particular seem to increase
after fish farming facilities are started up (Fig. 6). Similar

O Copper @ Zinc

W
g

TN
<L

W W
<L

Concentration (pg.g‘l)

0
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

Fig. 6. Average concentrations of Copper and Zinc (ug-g~' PS) in
rhizomes of Posidonia oceanica, in function of time at Sant’Amanza
(Pergent et al. 1999). The arrow indicates the year when the fish
farming facility started up.
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phenomena have been highlighted for the impact of sal-
monid faeces on sediment (Uotila 1991; Merceron &
Kempf 1995). It seems that the source of this enrichment
is linked to the addition of these two oligo-elements as a
dietary supplement. The respective measured levels are
9.9 and 118 pug-g™" in the food used (Mendez et al. 1997).

The benthic macrofauna in the matte of P. oceanica
shows greater biodiversity in a reference meadow com-
pared with a meadow situated close to a fish farming
facility. Preliminary measurements carried out in October
2002 on 0.01 m®> of matte in Calvi Bay (Corsica) show
that on average the number of species goes from
453 £ 44 to 31.3 £ 53. In Malta, the greatest species
density and abundance are recorded at a distance between
50 and 170 m from the cages (Dimech et al. 2000b).
In addition, a study of the distribution of several species
of this macrofauna (echinoderms, decapods and molluscs)
shows zonation in function of the distance from the cages
(Dimech et al. 2000b). This zonation is similar to that
observed for a salmonid farming facility in Scotland
(Brown et al. 1987):
® an azoic zone (=without macrofauna) under the cages,
® a much enriched zone,
® a transition zone,
® a ‘clean’ zone (similar to the reference zone).

Although lesser in amplitude (surface area affected),
this distribution, perhaps linked to the addition of large
quantities of organic matter, on a smaller scale bears
some similarities to that observed near sewage outlets.
Ruiz et al. (2001) estimate that the fish farming in Horn-
illo Bay annually supplies about 24 kg of phosphorus,
162 kg of nitrogen and 330 kg of carbon per ton of fish
produced. The magnitude of these loads has been com-
pared with sewage sludge and is likely to cause significant
local changes in water and sediment quality (Pillay 1991;
Wu et al. 1994).

Discussion

Studies concerning the impact of fish farms on P. oceanica
meadows are still recent and few in number. Nevertheless,
the results show significant degradation of these seagrass
meadows in all the sectors studied (Table 5). In general,
when fish farming cages are set up above a P. oceanica
meadow it results in a degradation or disappearance of
this habitat (Delgado et al. 1997; Pergent et al. 1999; Ruiz
et al. 2001; Marba et al. 2006). It is important to under-
line that this impact is irreversible on the human scale
(once the meadow has been destroyed). The studies that
show relatively rapid reversibility of the impact (after fish
farming facilities are closed down) do not concern P. ocea-
nica meadows (Mazzola et al. 2000). On the contrary in
the case of a P. oceanica meadow, the impact can even
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continue to worsen after closure, especially due to the very
low colonization rate by rhizomes (Caye 1982; Delgado
et al. 1999).

With regards to the effect of fish farming on the envi-
ronment, particularly in areas characterized by P. oceanica
meadows (a protected species and habitat in several coun-
tries; Platini 2000), the setting up of new facilities should
take into account:
® the characteristics of the site (physico-chemical and
biological factors, in particular the study of currents, con-
flicts of usage),

e the planned exploitation practices (species raised, type
of food, method of distribution, management of daily
rations, waste management, sanitary products),

e the planned production (tonnage) with respect to the
characteristics of the site (carrying capacity),

® legal constraints, in particular the presence of P. ocea-
nica meadows.

Only the implementation of a global policy — like the
one initiated by the Corsica Region through the initiative
of professionals of the Corsican Economic Development
Agency, in collaboration with scientists — will be able to
respond to these requirements. To this end, an environ-
mental approach has been developed in order to put in
place a system to aid decision-making, concerning the
setting up of new fish farming facilities along the Corsi-
can coast (Pasqualini et al. 2003).

This work is based on data concerning the ecological
heritage of the marine coastal zone (protected, threatened
and heritage species), in particular the distribution of
P. oceanica meadows. By means of Geographical Informa-
tion Systems, a map has been plotted to show the suitab-
ility of coastal areas for the setting up of new fish
farming facilities with regards to ecological sensitivity.
Three categories of ecological sensitivity have been identi-
fied: maximum, variable and low. Sites classed as being of
maximum ecological sensitivity can be considered to be
potentially excluded from the setting up of new facilities,
whereas those categorized as being of low ecological sensi-
tivity can be considered to be potentially favourable. Sites
considered to be of variable ecological sensitivity require
complementary analysis so as to produce a real ecological
diagnosis with regards to the setting up of new fish farm-
ing facilities.

The summary of these observations shows that sites
whose environmental sensitivity is considered as low or
variable represent more than 50% of seabeds between 0
and —50 m (Table 6). Combining our results with those
concerning legislative aspects (e.g temporal forbidden
fishing areas, natural reserves, sea-landing zones for spe-
cialized forest fire fighting aircraft), provides a suitability
map for the setting up of fish farming facilities along the
whole of the Corsican coast.

Pergent-Martini, Boudouresque, Pasqualini & Pergent

Table 6. Environmental sensitivity of the Corsican coast with respect
to the setting up of fish farming facilities.

bathymetric

layer (m) low variable maximum
0-10 0.6 (159.5) 70.1 (17897.1) 29.2 (7462.4)
10-30 5.2 (2685.5) 17.5(9012.0) 77.3 (39796.5)
30-50 56.4 (32170.6) 26.5 (15083.4) 17.1 (9747.1)
0-50 26 (35015.5) 31(41992.4) 43 (57006.0)

Values represent % (ha).

The Liguria Region (Italy), in the framework of envi-
ronmental impact assessment (VIA), has produced a
document (adopted 28 March 2001) that establishes a
series of technical standards with regards to fish farming
facility projects. The criteria for positioning fish farming
facilities in exposed sites, together with a fish farming suit-
ability map, are a useful tool for project leaders because
they provide useful indications for identifying favourable
sites and performing impact studies. The elements that
need to be taken into account for positioning a fish farm-
ing facility are as follows:

e Sites of Community Importance (SCIs — Habitat
Directive). A suggested safe distance in function of envi-
ronmental characteristics (currents, seabed typology, efc.)
and the characteristics of the fish farming facility (num-
ber of cages, quantity of fish, efc.)

® Marine Protected Areas (existing or planned). A safe
distance should be respected, in function of environmen-
tal characteristics and the characteristics of the fish farm-
ing facility.

® Protected Land Areas. For landscaping reasons, fish
farming facilities should not have a negative visual impact
from the land (distance, angles of view, size, etc.)

® Posidonia oceanica and C. nodosa meadows. A safe dis-
tance should be respected in function of environmental
characteristics and the characteristics of the fish farming
facility.

e Bathymetry. A depth of at least 30 m is required, which
will generally position the fish farming facility away from
the most sensitive populations and ensure better dilution
of the effluents produced by the fish farm.

® Distance from the shore: at least 1000 m.

® River mouths. Care should be taken with these outlets
for several reasons: introduction of fresh water, interac-
tion with currents, introduction of pollutants, etc.

® Wastewater outlets. A sufficient distance should be used
to avoid contamination of the fish in the farming facility.
® Zones regulated by harbour authorities (anchorage of
commercial shipping, etc.)

® Submarine power lines. A safe distance should be
respected with regards to submarine water pipes and tele-
phone or electrical cables.
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® Archaeological sites (for example wrecks). A safe dis-
tance should be respected.

The impact study procedure of the Liguria Region also
plans for the setting up of a surveillance programme in
order to assess the environmental situation of the
zone where the fish farming facility is located (Giovanni
Diviacco, personal communication, Regione Liguria, Italy).

French Law regulates the authorization to use the
Domaine Public Maritime for fish farming by means of
the ‘authorization for the exploitation of marine cultiva-
tion’ instructed by the Maritime Affairs body. An impact
study is required. In addition, for a production of more
than 20 t-year ', or in case of the extension of a fish farm
causing it to exceed that production, the fish farmers
must make a request to the veterinary services classified
for the protection of the environment.

To date, while some predictive models concerning ben-
thic eutrophication by intensive fish farming are available
(Cromey et al. 2002), the impacts on a P. oceanica mea-
dow, in function of its location (depth, distance from the
shore, water circulation, efc.) and characteristics (species
produced, planned tonnage, planned load in the cages in
kg of fish m-’, fish farming techniques, type of food
used) are poorly understood. Furthermore, given the irre-
versible nature of the damage that may occur, the precau-
tionary principle should be applied.

In particular, concerning sectors where seagrass mead-
ows are present, we therefore propose the following rec-
ommendations:
® No fish farming facility should be set up directly above
P. oceanica and C. nodosa meadows.
® If there is a meadow nearby, a minimum distance of
200 m from the cages should be respected. This generally
corresponds to the effective area of impact on the benthos
(Doglioli et al. 2004). This distance should be increased
near the meadow’s lower limit (more sensitive to turbid-
ity than shallow-water meadows) and varied in function
of currents and the size of the fish farm.
® Generally speaking, facilities should be set up over
45-50 m depth whenever possible.
® An impact study should be carried out for every
request to set up a fish farming facility, before implemen-
tation.
® The authorization to set up a fish farming facility
should be re-examined every 4 years with a view to poss-
ible extension, on the condition that the P. oceanica
meadows situated nearby have not regressed (in terms of
size or vitality). This requirement, which involves the set-
ting up of a meadow monitoring system, should lead fish
farmers to move as far as possible away from seagrass
meadows.

This approach will enable piscicultural activities to be
incorporated into a global process of ICZM so as to max-

Impact of fish farming facilities on Posidonia oceanica meadows

imize the benefits provided by the coastal zone and to
minimize conflicts and the harmful effects of activities
upon each other.

Acknowledgements

The authors thank Stéphane Mendez and Gianluigi Canc-
emi for their assistance. The studies carried out in Corsica
benefited from the financial support of the Collectivité
Territoriale de Corse (ADEC) and INTERREG European
programmes. The studies carried out on Posidonia ocea-
nica meadows in the Mediterranean owe a great deal to
the dynamism and perseverance of Lucia Mazzella.
In addition to her universally recognized ability, we
underline her human qualities and kindness.

References

Alcoverro T., Manzanera M., Romero J. (2001) Annual meta-
bolic carbon balance of the seagrass Posidonia oceanica:
the importance of carbohydrate reserves. Marine Ecology
Progress Series, 211, 105-116.

Anonymous (2000) Action Plan for the Conservation of Marine
Vegetation in the Mediterranean Sea. UNEP, RAC-SPA Publ,,
Tunis.

Ardizzone G.D., Pelusi P. (1984) Yield and damage evaluation
of bottom trawling on Posidonia meadows. In: Boudou-
resque C.F., Jeudy de Grissac A., Olivier J. (Eds), First Inter-
national Workshop Posidonia Oceanica Beds. GIS Posidonie
Publ., Marseille, 1:63-72.

Barnabé G. (1989) L’élevage du loup et de la daurade. In:
Barnabé G. (Ed.), Aquaculture. Lavoisier, Paris, 2: 628—-668.

Belias C., Dassenakis M. (2002) Environmental problems in
the development of marine fish-farming in the Mediterra-
nean sea. Ocean Challenge, 12(1), 11-16.

Bellan G., Kaim-Malka R.A., Picard J. (1975) Evolution récente
des différentes auréoles de pollution marine des substrats
meubles liées au grand collecteur de Marseille-Cortiou.
Bulletin d’Ecologie, 6(2), 57—66.

Bellan-Santini D., Lacaze J.C., Poizat C. (1994) Les biocénoses
marines et littorales de Méditerranée, synthese, menaces et per-
spectives. Muséum National d’Histoire Naturelle Publ., Paris.

Boudouresque C.F. (2003) The erosion of Mediterranean
biodiversity. In: Rodriguez-Prieto C., Pardini G. (Eds),

The Mediterranean Sea: an Overview of Its Present State and
Plans for Future Protection. Servei de Publicacions de la
Universitat de Girona, Girona, 53—112.

Boyra A., Nascimento F.J.A., Tuya F., Sanchez-Jerez P.,
Haroun R.J. (2004) Impact of sea-cage fish farms on inter-
tidal macrobenthic assemblages. Journal of Marine Biology
Association UK, 84, 665-668.

Brown J.R., Gowen R.J., McLusky D.S. (1987) The effect of
salmon farming on the benthos of a Scottish sea loch. Jour-
nal of Experimental Marine Biology and Ecology, 109, 39-51.

Marine Ecology 27 (2006) 310-319 © 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd 317



Impact of fish farming facilities on Posidonia oceanica meadows

Cancemi G., De Falco G., Pergent G. (2000) Impact of a fish
farming facility on a Posidonia oceanica meadow. Biologia
Marina Mediterranea, 7(2), 341-344.

Cancemi G., De Falco G., Pergent G. (2003) Effects of organic
matter input from a fish farming facility on a Posidonia
oceanica meadow. Estuarine Coastal and Shelf Science,
56(5-6), 961-968.

Caye G. (1982) Etude sur la croissance de la Posidonie,
Posidonia oceanica (L.) Delile, formation des feuilles et crois-
sance des tiges au cours d’une année. Téthys, 10(3), 229-235.

Costanza, R., Arge, R., de Groot, R., Farber, S., Grasso, M.,
Hannon, B., Limburg, K., Naeem, S., O’Neill, R.V.,
Paruelo, J., Raskin, R.G., Sutton, P., Van den Belt, M.
(1997) The value of the world’s ecosystem services and
natural capital. Nature, 387, 253-260.

Cromey C.J., Nickell T.D., Black K.D. (2002) DEPOMOD -
modelling the deposition and biological effects of waste sol-
ids from marine cage farms. Aquaculture, 214, 211-239.

De La Pomélie C. (1991) Les productions de la filiere Loup-
Daurade de 1985 a 1990. Equinoxe, 35, 13-16.

Delgado O., Grau A., Pou S., Riera F., Massuti C., Zabala M.,
Ballesteros E. (1997) Seagrass regression caused by fish cul-
tures in Fornells Bay (Menorca, Western Mediterranean).
Oceanologica Acta, 20(3), 557-563.

Delgado O., Ruiz J., Perez M., Romero J., Ballesteros E. (1999)
Effects of fish farming on seagrass (Posidonia oceanica) in a
Mediterranean bay: seagrass decline after organic loading
cessation. Oceanologica Acta, 22(1), 105-118.

Dimech M., Borg J.A., Schembri P.J. (2000a) Structural chan-
ges in a Posidonia oceanica meadow exposed to a pollution
gradient from a marine fish-farm in Malta (Central Mediter-
ranean). Biologia Marina Mediterranea, 7(2), 361-364.

Dimech M., Borg J.A., Schembri P.]. (2000b) The effects of a
marine fish-farm on the species richness and abundance of
molluscs, decapods and echinoderms associated with a Posi-
donia oceanica meadow in Malta (Central Mediterranean).
Biologia Marina Mediterranea, 7(2), 357-360.

Doglioli A.M., Magaldi M.G., Vezzulli L., Tucci S. (2004)
Development of a numerical model to study the dispersion
of wastes coming from a marine fish farm in the Ligurian
Sea (Western Mediterranean). Aquaculture, 231, 215-235.

FAO (2006) Fisheries Data: FAOstat. http://faostat.fao.org/fao-
stat/.

Gowen R.J., Bradbury N.B. (1987) The ecological impact of
salmonid farming in coastal waters: a review. Oceanography
and Marine Biology Annals Review, 25, 563-575.

Handy R.D., Poxton M.G. (1993) Nitrogen pollution in
mariculture — toxicity and excretion of nitrogenous com-
pounds by fish. Reviews in Fish Biology and Fisheries, 33,
205-241.

Hevia M., Rosenthal H., Gowen R.J. (1996) Modelling benthic
deposition under fish cages. Journal of Applied Ichthyology,
12, 71-74.

Karakassis 1., Tsapakis M., Hatziyanni E., Papadopoulou K.N.,
Plaiti W. (1999) Benthic recovery following cessation of fish

Pergent-Martini, Boudouresque, Pasqualini & Pergent

farming: a series of successes and catastrophes. Marine
Ecology Progress Series, 184, 205-218.

Karakassis 1., Tsapakis M., Hatziyanni E., Papadopoulou K.N.,
Plaiti W. (2000) Impact of cage farming of fish on the se-
abed in three Mediterranean coastal areas. ICES Journal of
Marine Science, 57, 1462-1471.

Karakassis 1., Tsapakis M., Smith C.J., Rumohr H. (2002) Fish
farming impacts in the Mediterranean studied through sedi-
ment profiling imagery. Marine Ecology Progress Series, 227,
125-133.

Machias A., Karakassis 1., Labropoulou M., Somarakis S.,
Papadopoulou K.N., Papaconstantinou C. (2004) Changes
in wild fish assemblages after the establishment of a fish
farming zone in an oligotrophic marine ecosystem. Estuarine
Coastal and Shelf Science, 60, 771-779.

Marba N., Santiago R., Diaz-Almela E., Alvarez E., Duarte
C.M. (2006) Seagrass (Posidonia oceanica) vertical growth as
an early indicator of fish farm-derived stress. Estuarine
Coastal and Shelf Science, 67, 475-483.

Mazzola A., Mirto S., La Rosa T., Fabiano M., Danovaro R.
(2000) Fish-farming effects on benthic community structure
in coastal sediments: analysis of meiofaunal recovery. ICES
Journal of Marine Science, 57, 1454—1461.

Medveg (2006) Effects of Nutrient Release from Mediterranean
Fish Farms on Benthic Vegetation in Coastal Ecosystems.
http://www.medveg.dk/.

Mendez S., Pergent G., Pergent-Martini C. (1997) Impact of
fish farming facilities on coastal ecosystems in the Mediter-
ranean. In: Ozhan E. (Ed.), Third International Conference
on the Mediterranean Coastal Environment. MEDCOAST
Secretariat, Middle East Technical University Publ., Ankara:
197-211.

Meramed (2006) Development of Monitoring Guidelines and
Modelling Tools for Environmental Effects from Mediterranean
Aquaculture. http://www.meramed.com/.

Merceron M., Kempf M. (1995) Environmental quality of a
salmonid farm site in a flushed area (Cherbourg, France).
In: De Pauw N., Joyce J. (Eds.), Quality in aquaculture.
European Aquaculture Soc. Publ., Dublin: 23, 258-259.

Miner M.C., Kempf M. (1999) Aquaculture et Environnement:
Réglementation et pratique des élevages de poissons marins.
Ifremer Press, Actes de Colloques 23.

Munday B.W., Eleftheriou A., Kentouri M., Divanach P.
(1994) Quantitative statistical analysis of the literature con-
cerning the interaction of the environment and aquaculture
— identification of gaps and lacks. Journal of Applied Ichthy-
ology, 10(4), 319-325.

Pasqualini V., Pergent-Martini C., Agreil M., Lafabrie C.,
Pergent G. (2003) Cartographie d’aptitude a Iimplantation
de fermes aquacoles: atlas des sites de sensibilité environn-
ementale. Contrat n°Présage 1851 DOCUP, Univ. Corse/
EqEL/GIS Posidonie/CRITT/ADEC/CEE, Univ. Corse Publ.,
Corte.

Pergent G., Romero J., Pergent-Martini C., Mateo M.A.
Boudouresque C.F. (1994) Primary production stocks and

318 Marine Ecology 27 (2006) 310-319 © 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd



Pergent-Martini, Boudouresque, Pasqualini & Pergent

fluxes in the Mediterranean seagrass Prosidonia oceanica.
Marine Ecology Progress Series, 106, 139-146.

Pergent G., Mendez S., Pergent-Martini C., Pasqualini V.
(1999) Preliminary data on the impact of fish farming
facilities on Posidonia oceanica meadows in the Mediterra-
nean. Oceanologica Acta, 22(1), 95-107.

Pergent-Martini C., Pergent G., Fernandez C., Ferrat L. (1999)
Value and use of Posidonia oceanica as a biological indicator.
In: Ozhan E. (Ed.), Land—Ocean Interactions: Managing
Coastal Ecosystems. MEDCOAST 99 — EMECS 99 Joint Con-
ference, Middle East Technical Univ. Publ., Ankara 1:73-90.

Pillay T.V.R. (1991) Aquaculture and Environment. Blackwell
Scientific, London.

Platini F. (2000) La protection des habitats aux herbiers en Méd-
iterranée. Rapp. PNUE, PAM, CAR/ASP edit., PNUE Publ.,
Tunis.

PNUE (1999) Rapport de Uatelier sur le tourisme et le développ-
ement durable en Méditerranée. UNEP, MCSD — Blue Plan,
MAP Technical Reports 126.

Procaccini G., Buia M.C., Gambi M.C., Perez M., Pergent G.,
Pergent-Martini C., Romero J. (2003) The seagrasses of the
Western Mediterranean. In: Green E.P., Short F.T. (Eds.),
World Atlas of Seagrasses. Universtiy of California Press
Publ., Berkeley: 48-58.

Ruiz J.M. (2000) Respuesta de la Fanerogama marina Posidonia
oceanica (L.) Delile a perturbaciones antropicas. Mem. Doct.
Biol. Univ. Murcia, Espagne.

Ruiz J.M., Romero J. (2001) Effects of in situ experimental
shading on the Mediterranean seagrass Posidonia oceanica.
Marine Ecology Progress Series, 215, 107—120.

Impact of fish farming facilities on Posidonia oceanica meadows

Ruiz J.M., Pérez M., Romero J. (2001) Effects of fish farm loa-
dings on seagrass (Posidonia oceanica) distribution, growth
and photosynthesis. Marine Pollution Bulletin, 42(9), 749—
760.

Uotila J. (1991) Metal contents and spread of fish farming
sludge in southwestern Finland. In: Mikinen T. (Ed.),
Marine Aquaculture and Environment. Nordic Council of
Ministers Publ., Copenhagen, 22: 121-126.

Verneau N., Thomassin B., Viale D. (1995) Modifications de
Iherbier de posidonies et des populations de poissons dans
I'ombre portée sur le fond par des radeaux aquacoles install-
és dans le golfe d’Ajaccio (Corse-du-Sud, Méditerranée
Nord-Occidentale). Journal de Recherche Océanographique,
20(1-2), 33-41.

Videau C., Merceron M. (1992) Impact de la pisciculture mar-
ine intensive sur lenvironnement. Revue bibliographique.
Direction de Environnement et de Paménagement littoral,
Ifremer Press, Brest.

Walker D.I., Pergent G., Fazi S. (2001) Seagrasses decomposi-
tion. In: Short F.T., Coles R.G. (Eds.), Global Research
Methods. Elsevier Scientific Publishers B.V., Amsterdam:
313-324.

Wu R.S.S. (1995) The environmental impact of marine fish
culture: towards a sustainable future. Marine Pollution
Bulletin, 31(4-12), 159-166.

Wu R.S.S., Lam K.S., MacKay D.W., Lau T.C., Yam V. (1994)
Impact of marine fish farming on water quality and bottom
sediment: a case study in the sub-tropical environment.
Marine Environmental Research, 38, 115—145.

Marine Ecology 27 (2006) 310-319 © 2006 The Authors. Journal compilation © 2006 Blackwell Publishing Ltd 319



