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partimento di Biologia, Università di Roma ‘‘Tor Vergata’’, Via della Ricerca Scientifica,
00133 Roma, Italy; *Author for correspondence (e-mail: chessa@uniss.it; phone:

+39-079-229306; fax: +39-079 229302)

Received 15 October 2003; accepted 24 February 2004

Abstract. Some 30,000 specimens of the Mediterranean clam Tapes decussatus were
suspended in nylon bags of two different mesh sizes and pre-grown in the Calich

lagoon (Sardinia, Italy) from March to June 2001. The samples differed in size at the
end of the pre-growth stage. They were then sown at a density of 650 specimens m)2

in two stations of the lagoon. The growth rates in the stations were different according

to the Von Bertalanffy model. Primary and secondary plankton production was cal-
culated by field measurements as well as by modelling. The results indicate that the
Calich lagoon could produce a maximum of 753.25 g m)2 yr )1 WW, with shell, for

Tapes decussatus. Our culture experiments lasted 15 months with an estimated mor-
tality of 50% and the yield of T. decussatus was 4.3 times greater than the calculated
natural production.
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Introduction

Clam aquaculture has developed greatly in Europe in recent decades.
Production increased from around 14,000 mt in 1988 to 55,000 mt in
1997, with a peak of 76,000 mt in 1995. Mediterranean aquaculture still
focuses mainly on mollusc production (53.9%). From 1995 to 1999 total
mollusc production grew by 3.9% a year (FAO online database). This
was mainly because the Japanese carpet shell, or Manila clam (Tapes
philippinarum Adams & Reeve), replaced the grooved carpet shell
(Tapes decussatus L.), the usual European species. The former is more
robust and grows more quickly (Mann 1979; Breber 1985; Varadi et al.
2001). In 1983, T. philippinarum was introduced into Northern Adriatic
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lagoons in Italy, rapidly propagated in natural beds and was intensively
exploited (Paesanti and Pellizzato 1994). From 1988 to 1993 Italian
production of this species increased astonishingly from 1937 to
21,700 mt (Geri et al. 1996). In 1997, 73% of the total European pro-
duction was in Italy. Today this is one of the most important mono-
specific products of Italian fisheries with about 60,000 mt year)1 being
produced (Orel et al. 1998).

The Regional Governments of Galicia (Spain) and Sardinia (Italy)
have banned the semi-extensive use of Manila clam seed on beaches and
lagoons, and several Authorities and Scientific Institutions are actively
promoting the use of the native clam (Cannas et al. 1998; Chessa et al.
1998; Marano et al. 1998).

In the Calich lagoon (NW Sardinia, Italy) Chessa et al. (1999) took a
census and studied the population dynamics of some edible molluscs
species. In addition, Chessa et al. (2001) carried out a comprehensive
ecological study of the sustainable level of fish production and the fate
of primary and secondary production.

This research compares the yield of low impact aquaculture of T. de-
cussatus grown for 15 months in the Calich lagoon with the maximum
potential yield for this species, calculated from primary production.

Materials and methods

The Calich lagoon (NW Sardinia, Italy; Figure 1) is a typical Medi-
terranean lagoon of 97 ha, with a watershed area of about 42,500 ha.
Seawater enters and leaves the lagoon through a narrow channel located
in its South-Western part.

Some 30,000 specimens of T. decussatus between 6 and 10 mm in
length (mean 7.94±1 mm) were pre-grown suspended in nylon bags of
two different mesh sizes: 1.5 mm (two bags) and 2 mm (four bags). Pre-
growing started late March 2001 near the mouth of the lagoon (here-
after Station 1, Figure 1). At the end of the pre-growing phase (late May
2001), the total length of oro-aboral axis (TL, in mm) and total weight
(TW, in g) with shell of about 200 molluscs were monitored. The seeds
were then sown at a density of 650 specimens m)2 both in Station 1 and
in another site in the internal portion of the lagoon (hereafter Station 2,
Figure 1). From July 2001 to May 2002, the growth of T. decussatus was
evaluated every 2 months by measuring TL and TW of ~120 specimens
per station. Water temperature, dissolved oxygen, salinity and pH were
monitored monthly by means of a multi-parametric probe (data not
reported).
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The mean averages of shell length (oro-aboral axis) in the two sta-
tions were compared using the Mann–Whitney U-test (Siegel 1956) on
independent samples. This non-parametric test was selected because
shell size distributions significantly deviated from normality. The
Bartlett test (Snedecor and Cochran 1989) was applied to test the
homogeneity of variances before comparing samples.

The classic Von Bertalanffy (1938, 1960) function:

LðtÞ ¼ L1 � ðL1 � L0Þe�kt

was used for the growing pattern. This function describes the increase in
length of an organism, over time. The Von Bertalanffy model was used
in two different ways. In the first case all three parameters were esti-
mated, while in the second case the asymptotic length value (L1) was
fixed a priori at 65 mm in order to optimize the other parameters, and
so obtain the best total agreement, in terms of mean quadratic error, for
the lengths. In both cases, the values of the parameters were estimated
using the ‘‘genfit’’ function of Mathcad 2001 software package (Math-
soft Engineering & Education Inc.). This is a method based on partial
derivatives with respect to the parameters to be estimated.

Phytoplankton primary production was recorded by measuring flu-
orescence and photosynthetic efficiency with a fluorimeter in situ, and by
two model outputs. The first was an analytical and deterministic model
based on four stated variables: phytoplankton biomass, herbivorous
zooplankton biomass, suspended organic matter (particulate and dis-
solved), and inorganic nitrogen (Scardi et al. 1998). This method has
been extensively tested in many cases, in particular in brackish

Figure 1. Map of study area and station locations.
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semi-closed environments (Kremer and Nixon 1978). The maximum
growth rate of the phytoplankton biomass (which depends on temper-
ature) has been corrected for the function of the incident light (Eppley
1972). The second model used for the evaluation of phytoplankton
primary production was an empirical model based on neuronal net-
works (Scardi 1996; Scardi and Harding 1999).

Results and discussion

The very accurate length–weight relationship (W=0.000258 L2.900471,
F=201619.8, P<0.001), calculated at the end of the experiment, per-
mits the single variable ‘‘length’’ to be used to describe both size and
growth.

The two pre-grown samples were very different in size because of
mesh size. Indeed the average shell length was much larger when a wide
mesh was used (Figure 2). The difference in shell length depending on
mesh size was highly significant according to the Mann–Whitney U-test
(P<0.001). This evidence strongly supports the hypothesis that mesh
size plays a major role during the first phase of the shell growth.

A comparison between shell lengths in the 2 sites is shown in Figure 3.
The Mann–Whitney tests showed that the differences between inde-
pendent samples collected in the two stations became significant

Figure 2. Pre-growth of T. decussatus with different mesh sizes in the Calich lagoon.
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(P<0.01) from the 10th month on (see the Five boxes on the right in
each plot in Figure 3).

The estimates for the Von Bertalanffy model (Figure 4) show that the
growth rates in the two stations were marginally different. However the
second site (Station 2) is characterized by a lower asymptotic length
than the first (Station 1), where the value for growth rate was constantly
lower (Table 1).

Figure 3. Boxplots of T. decussatus growth in the two stations. Values are median
(point), 1st and 3rd quartiles (box) and min/max values (whiskers).

Figure 4. Von Bertalanffy growth model of T. decussatus in the two stations.
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Average net primary phytoplankton production (Figure 5) is
240 g C m)2 year)1 (Chessa et al. 2001). Assuming a prudential con-
version ratio of 1:20, and considering that an adult specimen is equiv-
alent to 0.18 g C (1 g WW=0.16 g AFDW; 1 g AFDW=0.45 g C)
(Thorson 1957; Crisp 1984), the lagoon could produce a maximum of
753.25 g m)2 year)1 WW with shell of T. decussatus.

These aquaculture experiments lasted 15 months with an estimated
mortality of 50%, and 114.57 g AFDW m)2 year)1 of adult specimens
(39.53 mm) were produced, equal to 51.55 g C m)2 year)1 (i.e.
3236.32 g of WW with shell).

Bivalve culture consumes nutrients from the marine food web. If too
much carbon and nitrogen is removed from the water column, biodi-
versity can be affected. These chemicals are less available for herbivores

Figure 5. Primary and secondary planktonic production in the Calich lagoon.

Table 1. Parameters of the Von Bertalanffy model for T. decussatus in the two stations

Station 1 Station 2

Estimated L1 Fixed L1 Estimated L1 Fixed L1

L1 47.949 65.000 46.744 65.000

L0 )13.187 )7.546 )18.101 )9.410
K 0.091 0.053 0.110 0.059
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and phytoplankton, and this can affect the growth and reproduction of
zooplankton and other herbivores. Bivalves take suspended seston and
change it into denser particles that fall to the bottom. Thus permanent
extensive Bivalve culture may cause changes in the coastal food web,
altering the ecological processes. By contrast, in tidal ponds the inflows
may contain considerable quantities of organic matter. This may add to
the load of solid and dissolved wastes in effluents from these ponds, as
does unused primary production (Pillay 1992).

Our yield in the Calich lagoon for T. decussatus was 4.3 times greater
than the calculated natural production. Considering that industrial
production of Tapes in Italy ranges between 5000 and 10,000 g WW m)2

year)1 with shell (Paesanti pers. comm.), this practice may be seen as a
low impact culture that allows a weighted use of the primary production
of the lagoon and of the surplus of seston present. Moreover, Chessa et
al. (1999) pointed out that the natural population of T. decussatus in the
Calich lagoon had very low density (from 1.2 to 12.2 specimens m)2),
especially when compared with another commercial Bivalve such as
Cerastoderma glaucum (from 6.1 to 61.2 specimens m)2).

Conclusions

The high phytoplankton primary production in the Calich lagoon
cannot be fully exploited for the natural production of high economic
value resources like T. decussatus. The low impact aquaculture practice
described in this paper allows this primary production surplus to be
used to produce valuable biomasses that are, at present, scarce in the
lagoon. In particular, the controlled cultivation of T. decussatus is
shown to produce an exceptional answer in terms of size increase. This
low impact aquaculture practice can be seen as a possible source of
economic benefits for fishermen but, above all, as a regulatory measure
which can help to conserve the environment of the lagoon.
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