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Abstract

At present, one of the environmental emergencies in the Lagoon of Venice is the impact of short-necked clam
(Tapes philippinarumfishery, which is practically an unregulated fishery. Although one of the proposed solutions
would be the restriction ofapedfishery to licensed areas, high seeding density can cause undesired effects on the
environment. In this study several hydrobiological variables are compared between small areas of the Lagoon of
Venice traditionally used for bivalve culture (clarf, philippinarumand musselMytilus galloprovincialig, and

areas in the southern basin with seagrass meadows. Labile and suspended organic matter in the water was higher in
areas with bivalve farming than ifosteraareas (undisturbed control). The same pattern was recorded for contents
of total organic matter and acid volatile sulphides. The biomass of microplankton in farming areas was quite high
(0.8-2.7 g n3). Mesozooplankton was extremely abundant, particularly at night, when its biomass was 1-2 orders
of magnitude higher than during the day. Its composition was different in the culture areaszostdraareas.

The biomass oTapesin culture beds and their filtering capacity were also estimated.

Introduction more than 2000 fishermen with a yearly turnover of

US $100 million. Only recently in the southern basin
As in the 1980s in the Po Delta lagoons, the beginning of the Lagoon some small areas have been set aside
of the 1990s marked a progressive increase in pro- for Tapesfarming, by seeding juvenile clams collected
duction of short-necked clanTgpes philippinarum from natural beds and harvesting at commercial size.
in the Lagoon of Venice. In 1995, according to assess- Actually the intensive fishing activity causes serious
ments by the Ministry of Agriculture (‘Ministero delle ~ environmental impact in a sensitive area like the La-
Risorse Agricole’, 1997), production exceeded 40 000 goon. The problems are mainly due to the coarsening
tons. Almost all the yield is obtained from fishing, of- of the size distribution of surficial sediments, contrib-
ten carried out with unauthorised dredging equipment. uting to ongoing erosive processes (Consorzio Venezia
Attempts to shift the fishery from harvest of natural Nuova, 1993), and alteration of the benthic biocen-
stock to aquaculture in licensed areas have not beenosis over large areas (Pranovi & Giovanardi, 1994).
successful yet, due to difficulties with management A strategy which would limit productive activity to
and fishermen. The problem has now become a so- restricted areas would make it possible to reduce the
cial one, and is of considerable proportions because, areal extent of these impacts.

according to recent assessments, this activity involves ~ However, problems linked to the reduction of spe-
cific diversity (which is also observable in the case

* Author for correspondence. of fishing on natural banks) and high farming density
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(e.g. outbreaks of pathologies and effects on the envir-

onment of bivalve trophic activity at densities of about
1000 specimens nf) may arise.
The effects of shellfish farming on the environ-

In order to determine the composition of benthic
macrofauna, sediment samples were collected with a
Van Veen grab.

The effect of bivalve culture on the plankton were

ment are well known. Dense bivalve culture causes tested by collecting zooplankton samples during the

increased biosedimentation (Jaramillo et al., 1992;

second half of August 1995, partially replicated in

Hatcher et al., 1994), eutrophication, enhancement of October 1996. Fifty liters of subsurface water were

nutrient flow, sulphate reduction and sulphide accu-
mulation in sediments (Danebach & Gunnerson, 1981;

Westrich & Berner, 1984; Kaspar et al., 1985; Loo &
Rosenberg, 1989; Alliot et al., 1990; Baudinet et al.,
1990; Dame, 1993; Gilbert et al., 1997).

Bivalve culture fields create a powerful biofilter
in the Lagoon. Organic matter sedimentation by this
artificially created biofilter may fuel sulphate reduc-

filtered through a 6Q:m-mesh plankton net, both dur-
ing the day and at night, in order to take demersal
components into account. Epifluorescence microscopy
was used for the quantification and sizing of bac-
teria, picoplanktonic algae 3 xm, nanoplanktonic al-
gae, nanoheterotrophs and nanociliates (Caron, 1983).
Bacterioplankton was counted on Q:2n pore filters
stained with acridine orange (Hobbie et al., 1977).

tion, an anaerobic process which usually induces the Microalgae>30 xm and the larger fraction of cili-

building-up of labile sulphide in sediments. This pro-

ates were counted in untreated water samples in glass

cess is one of the most damaging for the ecological chambers of 15 ml capacity, according to Sorokin

quality of coastal marine habitats.

The aim of this work is to analyse the effects of bi-
valve farming (traditional suspended mus3ditilus
galloprovincialis culture on lines along poles and
clam culture on bottom fields) on plankton, sediment

(1980).

The decomposition rate of organic matter in wa-
ter was measured by the decrease in oxygen content
in incubated dark bottles (250 ml capacity) for 24
h atin situ temperature. Oxygen was estimated by

chemistry, and suspended and labile organic matter in Winkler titration. The content of labile organic mat-

the water.
The Lagoon of Venice is a ‘fragile’ ecosystem

ter (LOM) accessible for microbial decomposition was
estimated as BO%, accounting for the use of part of

subjected to heavy anthropic pressure. As remarkedit for biosynthesis of the bacterial biomass: LOM =
above, today short-necked clam fishery produces aBOD3p x 0.55mg C 1, where BODRQy is expressed

most severe impact on the Lagoon bottom. One solu-

tion, proposed by local authorities, is to start a
wide clam-farming activity, but even this exploitation

in oxygen units (Sorokin & Mamaeva, 1980). The
turnover time of LOM was estimated as its ratio to
the decomposition rate per day expressedin the same

strategy could produce impact on the ecosystem. Here,carbon units. The carbon content of suspended matter

we collect information to better evaluate the trade-off
between these two activities.

Materials and methods

was analysed by wet chromic combustion after diges-
tion of chlorides with phosphoric acid. The content
of phosphorus in sediments was measured by standard
methods (Parsons et al., 1984). Acid volatile sulphides
(AVS) in sediments were analysed by$idistillation

from gently acidified sediments fixed with a mixed

The study area is located in the southern basin of the solution of ZnSQ@ + Na&;COg, after Sorokin (1982).

Lagoon of Venice, near the city of Chioggia (Figure 1).

In order to compare chemical variables recorded in

It is characterised by the presence of mixed seagrassthe subareasZpstera Tapes Mytilus) a LSD post hoc

meadows -Zostera noltiandZ. marina— (Caniglia
et al.,, 1992), a mean depth of around 1 m (with the

exception of the deep-water channel) and it is sub-

jected to tidal currents (between 0.1 and 1 msgc

Sampling stations were located in an area of suspen-

test was applied to 1995 and 1996 data.

Results

ded mussel culture extending along the slopes of a Chemical and dynamical variables

channel at a depth of 2-3 m, an area of short-necked

clam culture (0.5-1.5 m deep), a surrounding shallow Results of chemical analyses are given in Tables 1 and
area partially covered by seagrass (1.5 m deep), and in2. The concentration of labile organic matter (LOM)

the middle of the deep-water channel (7—8 m).

in water varied between 1.18 mg Cllin the channel
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Figure 1. Location of sampling stations (enlargement not to scale) in southern basin of Lagoon of #efimgesfields; b, Mytilus fields; c,
Zosterameadows.

driving sea water into the shallow areas of the lagoon, calculation of the percentage of living organic matter
and 2.7 mg C11 in the culture fields. Over th2ostera with respect to total suspended organic matter. This
grounds it was significantly lower: 1.3-1.5 mg ¢ percentage was greater in thiytilus fields (stations
LOM was quite rapidly decomposed and recycled by 10-11), where it reached 12-18% (Table 1). It was
bacterioplankton. The turnover time of the LOM stock 7.9-8.7% over th@apedfields and 4.5-8.2% over the
was estimated at 6—-10 days, which indicates the time Zosterameadows.
required for complete biological self-purification of The percentage of organic carbon in bottom sed-
water in a given site (Sorokin & Mamaeva, 1980). The iments varied between 1 and 4% of dry sediment
decomposition rates of organic matter in water in the weight in theZosterameadow. In areas dfapescul-
sampled stations varied between 0.45 and 1.13 ;g O ture it rose to 5-6%, and in those bfytilus it was
I=1d~1, being higher in waters over thEapesfields 8.4%, which is high, even for lagoon sediments. These
and significantly higher oveMytilus fields. data highlight the self-eutrophication caused by the
The content of suspended organic matter in water filtering activity of dense bivalve populations. Due to
was high: 1.2-1.5in the clam fields and 0.7-1.2 mg C shallow waters in th&apesfields the phenomenon is
I=1 in the channel and over ti#sterameadows. The ~ masked by hydrodynamic resuspension of sedimented
values over the clam fields were significantly higher matter, but even in this case it appears pronounced.
and probably caused by high microplankton density The same may be said of the content of total phos-
(see Tables 2 and 3) and resuspension of particlesphorus calculated in the upper layer of sediments
accumulated by the dense clam population. Data on (0-3 cm) in terms of dry weight (Table 1).
total microplankton biomass (Tables 1 and 3) allow
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Table 1. Chemical and dynamical parameters in water and upper (0-5 cm) layer of bottom sediments, measured in August 1995

Treatment Stations Sediment  Depth Corg P orginsediments  AVSin SOM LOM D T
m %ofdry %ofdry g T2 sediments mgCit Corg mgCtl mg O =1 days
sediments sediments (in upper mg S of plankton dl
0-3cm % tot. SOM C
layer)
Tapes 1 Sitysand 1.0 5.96 0.023 4.84 1190 1.40 8.2 2.37 0.91 7.0
2 Silty sand 0.5 5.05 0.024 5.01 870 1.35 8.7 2.39 0.65 10.0
8 Black mud 1.5 4.00 0.022 4.10 1185 1.50 7.9 1.33 0.50 51
Mytilus 10 Black mud 2.0 6.50 0.028 5.68 1280 1.50 14.4 1.63 0.72 6.0
11 Black mud 3.0 8.40 0.030 6.28 1450 1.18 18.3 2.69 1.13 6.4
Zostera 3 Sitysand 1.5 1.02 0.024 5.01 320 1.17 4.5 1.57 0.56 7.4
4 Sitysand 1.5 3.10 0.025 5.28 460 0.80 8.2 1.32 0.52 6.8
5 Sitysand 1.5 4.20 0.020 4.23 380 1.20 5.5 1.56 0.48 8.7
Channel 7 Black mud 8.0 8.40 0.023 4.84 1160 0.88 7.9 1.18 0.45 7.0
Intermediate 9 Blackmud 3.5 6.30 0.024 5.20 1225 0.70 12.0 1.46 0.56 6.9

Abbreviations: AVS — acid volatile sulphides; SOM — suspended organic matter; LOM — content of labile organic matter in water; D —
decomposition rate of organic matter in water; T — turnover time of labile organic matter (LOM/D) value of D expressed in carbon units (D x
0.375).

Table 2. Chemical and dynamical parameters and microplankton densities, measured in October 1996

Treatment  Station AVS SOM LOM D T Microplankton WPB
sediments mgC WPB mg C mgzﬁl days Phytoplankton Bacterioplankton Protozoa Total ‘&m
mgSdnt3 171 som 1 (%) 1”1 d-1 B N B B biomass

Tapes 1 480 250 4 1.92 1.08 6.6 276 2.70 406 121 803 0.85

2 316 1.13 11 2.05 1.13 8.8 637 3.03 485 102 1204 1.00

Mytilus 11 738 190 8 2,97 1.45 8.9 470 3.15 495 95 1106  1.28

Zostera 3 220 150 8 1.28 0.98 49 310 2.66 313 113 736 0.97

5 310 1.70 7 235 1.39 6.2 366 2.20 350 114 830 0.93
Channel 7 510 140 12 1.89 0.95 7.1 510 2.54 403 79 992 1.36
Intermediate 9 680 262 3 470 2.62 6.6 350 2.55 383 82 815 0.56

Abbreviations: N — numerical density, &enl~1; B — wet biomass, mg m; WPB — whole plankton biomass. For other abbreviations, see
table 1

The acid volatile sulphides (AVS) value in the up- ations; only AVS remains significantly higherTapes
per layer of bottom sediments represents one of the field than inZosterameadow.
most important indicators of the quality of a lagoon
environment. In a pristine lagoon, it generally does Microplankton
not exceed 200-300 mg S drhof wet silt. If it ex-

ceeds 500-600 mg S drfy artificial input of labile e total biomass of microplankton, which is the basic
organic matter, which fuels microbial sulphate reduc- sqyrce of food for bivalves varied between 0.87 and
tion in sediments, must be inferred. Our data seems 5 7 g nT3 (Table 3), which is quite high. Even in the
to be in agreement with this hypothesis: in the sed- gjies of high exploitation by an extremely deffemes
iment of Zosterameadow, AVS ranged between 320 population, they attained 1.5 gTh

and 460 r_ng_S_ dm?, bu_t in bivalve culture areas it was The share of phytoplankton in total microplank-
always significantly higher (870-1450 mg S (o biomass varied from 60 to 90% in deep areas to
These high values may also induce nocturnal anoxia 29_509% in shallow ones (Table 3). Thus, this share
and the appearance of free$iin the water column.  seems to be related with depth and with hydrodynamic
Samplings carried out the following year (1996) show  congitions: it was higher when water moves over the
that some of the observed values sometimes changesh|iow areas, lost its phytoplankton to grazing, but
considerably (Table 2), mainly due to seasonal fluctu- 5ccumulated microheterotrophs, which grow rapidly,
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Table 3. Mean densities (mg M wet weight) of microplankton in water samples taken in daytime, at night, and in

daytime of following day (August 1995)

Treatment Tapes Mytilusand Channel Zostera

Time:- Day Night Following Day Night Following Day Night  Following

day day day

Stations 1,2 1,8 2 7 7,11 7,11 4,5,6 5 5
Phototrophs 550 355 560 550 640 3100 310 270 1010
Nanoheterotrophs 32 34 45 10 10 22 10 13 13
Ciliates 63 20 25 12 63 20 52 123 11
Bacteria 785 690 420 240 335 262 570 824 750
Total biomass 1430 1490 1050 870 1050 2710 940 1230 1790
Phytoplankton (%) 38 24 53 63 61 89 33 22 56

Table 4. Taxonomic composition of net zooplankton in diurnal and
nocturnal samples

Day-time samples Nocturnal samples

Acatrtia clausi
Oithona nana

Mesopodopsis slabbénnysid)
Rivulogammarsp.
Centropages kroyeri Nereid polychaetes
Paracalanus parvus Idotea baltica

Labidocera brunenesigontellid) Harpacticoid copepods
Oicopleura dioica Acartia clausi

Oicopleura nana Oithona nana

Sagitta setosa Oicopleura nana

Penilia avirostris Oicopleura dioica

nauplii andzoeaof copepods Ostracoda

Penilia avirostris

zoeaof Macrura and Brachyura

using organic detritus and dissolved organic matter
produced by benthic vegetation.

Bacterioplankton accounted for 80—90% of micro-
heterotroph biomass (Table 3). The biomass of the
protozoan microplankton (80—120 mg®) was com-
paratively low in all samples (Table 2). This was
probably due to intensive grazing by abundant (espe-
cially during the night) zooplankton (see below). The
bacterioplankton biomass in most stations was 2-3
times higher than that of phytoplankton. It thus rep-
resented a basic food source for pelagic filter feeders
such asPenilia, OicopleuraandParacalanusas well
as for farmed bivalves.

Zooplankton

Zooplankton was abundant, especially at night. Dur-
ing the day it was dominated by copepo@ithona
Acartia, CentropagesParacalanu$, probably driven

by tides from the Adriatic (Table 4)Sagittg Oico-
pleura, Penilia, and larval stagesz¢eaand nauplii)
were also common. At night biomass was domin-
ated by demersal meso- and macro-plankters: mysids,
gammarids, polychaetes, harpacticoid copepods, holo-
planktonic copepods, and larval stagemda and
nauplii).

The zooplankton in all stations in 1995 was quite
different in diurnal and nocturnal samples (Tables 5
and 6). The biomass of nocturnal zooplankton at sta-
tions 1, 4, 5, 8 and 10 was over 11 g f with a
maximum of about 75 g me(Table 6). Biolumines-
cence was observed during night sampling. The com-
position of zooplankton also differed greatly among
stations. In shallow waters wittosterameadows (sta-
tions 4, 5) and at stations 10 and 11, situated near or
within Mytilus fields, the biomass was mainly com-
posed (70-90%) of demersal forms, while in stations
located inTapesfields and on the outskirts dflytilus
fields, nocturnal swarms of holoplanktonic copepods
were observed. Their biomass at night was up to 100
times that during the day. This means that holoplank-
tonic representatives of zooplankton tend to behave
like demersal plankters in shallow biotopes. In deep
waters, they migrate during the day to deeper areas,
but in shallow waters a significant part of their pop-
ulation hides in benthic vegetation or withiMytilus
fields.

The zooplankton biomass in October 1996 was
lower than in August 1995. The difference between
diurnal and nocturnal biomass was also lower in 1996
(Table 7). This decrease may not only be a con-
sequence of succession changes, but a result of general
changes in the ecosystem of the southern basin of the
Lagoon (Sorokin, 1998).
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Table 5. Mean densities of net zooplankton in diurnal samples; stations 5b and
7b were sampled on following day (1995 data)

Stations Depth Biomass Total
(m) (mg n3wet weight) biomass
Copepods Penilia  Oicopleura
4,5,6 (mean) 1.1-1.3 261 97 13 371
5b 1.0 100 5 20 125
3 1.4 246 6 3 255
1, 2 (mean) 1.2-15 46 5 5 56
8 3.0 210 10 40 260
9, 10 (mean) 3.5 810 7 45 862
11 6.0 3700 1890 100 5690
7 8.0 376 35 80 491
b 8.0 810 600 120 1530

Table 6. Mean densities (B, mg e, wet weight) of main components of net zooplankton in nocturnal samples (August,

1995)

Treatment Station Copepod2enilia (1)

Oicopleura Veliger ZoeaPolychaetes Gammarids Mysids and Total

Ostracoda (2) Stomatopods biomass
Tapes 1 10100 260 (1) 110 0 70 0 520 310 11370
2 1520 300 (1) 30 10 0 0 280 1980 4120
8 57100 460 (2) 0 20 0 1960 6500 8900 74970
Mytilus 10 1570 30 (1) 120 0 0 0 720 14400 16840
11 2050 50 (1) 20 0 30 0 270 7200 9550
Zostera 4 32 20 (1) 0 20 0 0 480 49000 49570
5 520 60 (1) 0 0 180 60 1650 26 400 28870
Channel 7 7730 70 (1) 420 0 0 0 400 6900 15520

Table 7. Diurnal and nocturnal zooplankton biomass (mg3m samples collected in October 1996

Treatment Station Day (10-13 a. m.) Night
Copepods Penilia Sagittazzoea Oicopleura Total Copepods Sagitta Mysids Gammarids Total
Tapes 1 160 50 0 5 215 765 66 35 0 870
2 37 0 10 5 52 156 36 20 0 211
8 170 80 0 0 250 812 20 410 0 1243
Mytilus 11 105 14 20 0 139 380 0 100 450 930
Zostera 5 84 14 20 0 118 370 0 105 50 723
Channel 7 290 126 130 25 571 415 10 210 0 665
Intermediate 9 56 0 0 0 56 153 20 570 850 1593
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Macrobenthos Discussion and conclusions

Stations located under the mussel lines and in the ¢ reqyits of this investigation confirm previous ob-
channel are characterised by a low specific diversity. servations (Sorokin et al., 1996, Sorokin, 1998), and

In stations 7 and 11, no living macrobenthos was p njight changes in the abiotic and biotic variables of
found, not eveMytilus, which often fallfromthe lines 4 shelifish farming area.

and may be Carf‘ed away by_tidal current; Inside the Data on total microplankton biomass and the share
Tapesarea (station 1), deTsﬁplte the massive presence uing hiomass in total suspended organic matter are
of clams (700-750 spec. ™), the specific diversity ot gnecial interest, since they allow the evaluation of
was relatively high (140collected spec_le@a.pescon- potential food resources for filtering fauna, especially
Stg‘ted more than 90% of the wet biomass (3950 g ,yyred bivalves. These variables are often ignored
m ).I The other spﬁues are mk?mly deposit feeders j, 1o tine plankton investigations, although their im-

or .be ong to necrophagous trop Ic groupa¢sarius portance is considerable. Relatively high values of
reticulatus, Loripes lacteus, Tellinap., Euclymene  yn5 microplankton biomass in areas of clam cul-

sp., Ampelisca diadema, Cyclope nerijednstead, .0 \yhere filtering is extremely active, reveal a high
in station 2, although Iocate_d at the edge of t_he - rate of production. The source of energy for micro-

censed area, only two species, with few Specimens, yanion reproduction is partly resuspended organic

were found T. philippinarum, N. reticulatds This 1 4er accumulating in areas of rapid sedimentation
may have been due to a recent clam harvest, or to treat—by cultured clams, evaluated by the content of labile

ment of the area in anticipation of new seeding: both organic matter (LOM) in water over the clam fields.
operations involve mixing of bottom sediments, with | Sy rapidly increased in this biotope and was intens-
removal of most benthic organisms. The surrounding e\, ysed by microplankton, as indicated by the high
areas were quite different: a greater specific diversity decomposition rates over the clam fields.
was observed: 19 species, together with a considerable Data on nocturnal zooplankton show that its com-
number of grazers and herbivores spec@dbulaad-  ,qjtion and abundance were quite different from
riatica, Calliostoma virescens, Cerithium vulgatum, 4 oo o daytime samples. The difference in bio-
Platynereis dumeril)i and Ophiuroids@phiotrix fra- mass may be up to 100 times, especially in shallow
gilis, Amphipolis squamajavere collected in stations 5 re45 where the bottom is covered by benthic vegeta-
3and4. ) ) _ tion. This clearly shows the importance of nocturnal
Our data allow an evaluation of sedimentary activ- sampling to verify the real density and composi-
Ity In Tapesfields. Clam density was over 700 Sp. o of |agoon zooplankton. Daytime sampling leads
m—* and filtration rate was evaluated experiment- y, consjderable underestimation, even of holoplank-
ally as 0.6-0.8 | sp. h™* (Sorokin & Giovanardi,  y,hie forms such a#cartia, which exhibit demersal

1995). Thus, the whol@apescommunity in such  popavioyrin shallow biotopes (Sorokin et al., 1996).
fields should filter 10-12 fof water per square meter The extremely dense zooplankton community

of bottom area per day. The average content of SUS- o in the areas of bivalve culture, with a biomass of
pended organic carbon in this area was 1.4 my | up to 50 g nT3, evidently cannot be supported by local
Clams may assimilate 40-50% of living organic mat- ,jmary and secondary production. One of the sources
ter, whose share in total suspended organic carbon .y e the organic matter accumulating in these areas
is about 10% (Table 1). In this case, they could as- e filtering activity of the clams. The nature of
similate only about 5% of suspended organic matter sources supporting such a large zooplankton biomass
subject to filtration. The remaining 95% (around 13 g needs more research.
C, or ?‘b"“t 30 g of dry organic matter‘l_% d)is Our results support the opinion that, within a back-
deposited to the bottom. Due to the particular hydro- o.,,nq of widespread coastal eutrophication, expan-
dynamical conditions of the shallow areas only a part sion of Tapesculture may be detrimental for shallow
of the sedimented organic material is transferred to basins in the Lagoon. Dense, powerful, biofiltering
adjacent areas; a significant fraction inevitably settles communities of clams mean that suspended organic
within the culture field, stimulates sulphate reduction matter is channelled to the sediments, and induce
(Westrich & Berger, 1984), and leads to accumulation g nhige accumulation. This may have negative effects
of sulphides. on the widely distributed macrophytes (Everett et al.,
1995), in addition to the ‘spatial competition’ between
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seagrass meadows and clam fields in the same areacCaron D. A., 1983. Enumeration of heterotrophic microplankton

The size of clam fields in a sensitive environment,

subject to heavy anthropic pressure (Sorokin, 1998), co

should therefore be carefully managed.

using epifluorescence microscopy. Apl. envir. Microbiol. 46:
491-498.

nsorzio Venezia Nuova, 1993. Il recupero morfologico della
Laguna di Venezia. Suppl. Quad. Trimestr. C.V.N. 1, 24 pp.

In the present, not completely defined pattern of DameR.F.(ed.), 1993. Bivalve filter feeders in estuarine and coastal

exploitation of short-necked clam resources in the
Lagoon of Venice, it seems in any case that, in gen-

processes. Springer Heidelberg, 579 pp.

Danebach B. & L. A. Gunnerson, 1981. Sedimentation and sulphate

reduction under a mussel culture. Mar. Biol. 63: 269-275.

eral terms of cost-benefits between the two productive Everett R. A., G. M. Ruiz & J. T. Carleton, 1995. Effect of oyster

strategies — fishing and licensed farming areas — total
production being equal, carefully controlled farming
may be better in the medium-long term. This is for the
following reasons:

1. The environmental impact of the harvesting equip-
ment (mainly a local type of dredge) at present
used for fishing in the lagoon is high;

2. Licensed farming in well-defined areas may be

mariculture on submerged aquatic vegetation. Mar. Ecol. Prog.
Ser. 125: 205-217.

Gilbert F., P. Souchu, M. Bianchi & P. Bonin, 1997. Influence of

shellfish farming activities on nitrification, nitrate reduction to
ammonium and denitrification at the water—sediment interface of
the Thau lagoon, France. Mar. Ecol. Prog. Ser. 151: 143-153.

Hatcher A., J. Grant & B. Schofield, 1994. Effects of suspended

mussel cultureNlytilus spp.) on sedimentation, benthic respira-
tion and sediment nutrient dynamics in a coastal bay. Mar. Ecol.
Prog. Ser. 115: 219-235.

considered as relocation of the resource without a Hobbie J. E., R. J. Daley & S. Jasper, 1977. Use of nucleopore fil-

further increase in the total quantity of clams in the
lagoon;

3. Controlled farming offers better chances of health
control and quality certification of clam resources,
which is difficult in present conditions;

ters for counting bacteria by fluorescent microscopy. Apl. Envir.
Microbiol. 33: 1225-1228.

Jaramillo E., C. Bertran & A. Bravo, 1992. Mussel biodeposition in

an estuary in southern Chile. Mar. Ecol. Prog. Ser. 82: 85-94.

Kaspar H. E., P. A. Gellespie & |. C. Boyer, 1985. Effects of mus-

sel aquaculture on nitrogen cycle and on benthic communities in
Kenefurn Sound. Mar. Biol. 85: 127-136.

4. There is a need for co-ordination among producers Loo L. & R. Rosenberg, 1989. Bivalve suspension feeding dynamics

in order to adopt the best strategies for the mar-
ket, obtaining better prices by planned, although
slightly lower, production;

5. The loss of fine sediment would be restricted to

and benthic-pelagic coupling in an eutrophicated marine bay. J.
exp. mar. Biol. Ecol. 130: 253-276.

Ministero Risorse Agricole, 1996. Adozione del V Piano Triennale

della Pesca e dell’Acquacoltura 1997-1999. Gazz. Uff., Suppl.
Ord. 28/04/1997, no. 97, 103 pp.

few areas where the use of harvesting equipment Parsons T. R., Y. Naita & C. U. Lalli, 1984. A manual of chemical

of low environmental impact would be permitted.

However, in view of our results, even licensed pro-
duction in defined areas should be monitored and
regulated by restricting farming densities in the vari-
ous areas, according to their characteristics and to the
effects of farming. Moreover, it should be considered
that clam redistribution according to their size and
density is technically easy and widely performed in
several places, such as the Po Delta lagoons (Rossi &
Paesanti, 1992).
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