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Ermelinda Prato, Antonio Danieli, Michele Maffia, and Francesca Biandolino (2010) Lipid and fatty
acid compositions of Mytilus galloprovincialis cultured in the Mar Grande of Taranto (southern Italy):
feeding strategies and trophic relationships. Zoological Studies 49(2): 211-219. Lipid and fatty acid (FA)
compositions were determined in the mussel Mytilus galloprovincialis collected from June 2006 to May 2007
in the Mar Grande of Taranto, southern Italy. Total lipids significantly differed throughout the study period
(ANOVA, p < 0.05), with higher values in summer (24.7% dry weight (DW)) and the lowest values in winter (3.5%
DW). Triacylglycerols (TAGs) were the dominant lipid class in spring and summer accounting for 55.28% and
60.3% of total lipids, respectively, while in the autumn and winter phospholipids (PLs) were considerably greater
than TAGs, comprising 55.16% and 47.5% of total lipids, respectively. Cholesterol did not show large variations
over the seasons. Predominant FAs were saturated FAs (SAFAs) followed by monounsaturated FAs (MUFAs).
The amount of polyunsaturated FAs (PUFAs) was low. The 14:0, 16:0, 18:0, and 22:0 SAFAs, together with
14:1, 16:1ω7, 18:1ω9, 18:1ω7, 20:1ω9, and 24:1ω9 MUFAs, and the PUFA, non-methylene interrupted dienoic
(NMID), were the most abundant FAs. FA biomarkers are frequently used to identify trophic relationships among
marine invertebrates. In order to obtain indications on food sources of M. galloprovincialis, a variety of FA ratios
and the sum of some FAs were determined. The sum of 18:1ω7 + odd-branched FAs indicated a moderate
bacterial contribution to the mussel diet. A high 18:1ω9/18:1ω7 ratio together with a high level of 20:1ω9
indicated an animal dietary input. Trophic markers suggested lows contribution of diatoms and dinoflagellates to
the diet of M. galloprovincialis. http://zoolstud.sinica.edu.tw/Journals/49.2/211.pdf
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al. 1993), information about its biochemistry is very
scarce. In marine bivalves, some polyunsaturated
FAs (PUFAs) and sterols are important biochemical
constituents, taking part in numerous biochemical
processes and representing an energetic supply
under critical nutritional conditions.
It is well known that seasonal variations in
lipid contents and fatty acid (FA) compositions of
adult bivalves are closely linked to the reproductive
cycle and climate changes and are affected by
the availability and composition of the natural diet

ytilus galloprovincialis is an important
commercial species in several zones of Mediterranean coasts. In Italy, it represents the
main product of the national bivalve culture
and is cultured on suspended ropes situated in
lagoons and the open sea along the shore of the
Mediterranean Sea.
Despite the large amount of research devoted
to characterizing the biology and ecology of M.
galloprovincialis in the Mar Grande in Taranto
(Pastore et al. 1976, Tursi et al. 1991, Matarrese et
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(Fernandez-Reiriz et al. 1996, Caers et al. 2000).
Previous studies reported that changes occurring in
lipid content are mainly determined by fluctuations
in triacylglycerols (TAGs), not in phospholipids
(PLs). In fact PLs mainly have a structural function
as components of all biological membranes, and
their content is nearly constant throughout the year
(Pazos et al. 1997); instead TAGs, with mainly an
energetic function, show variable contents, and
therefore they are considered to be indicators of
the nutritional state (Swift et al. 1980).
Generally, marine organisms reflect, to
varying degrees, exogenous sources in their FA
components. There are PUFAs that are typical
of certain primary producers (algae and microorganisms), and there are certain PUFAs known to
be essential FAs for marine invertebrates. Indeed,
bivalves have a very limited or no capability to
synthesize PUFAs (Waldock and Holland 1984,
Chu and Graeves 1991) but still require them for
their development (Langdon and Waldock 1981,
Chu and Webb 1984, Knauer and Southgate
1997). These PUFAs are used as biomarkers to
assess relationships between primary producers
and invertebrate consumers (Pollero et al. 1981,
Kharlamenko et al. 1995, Müller-Navarra et al.
2000).
An organism’s FA composition is determined
by its position in the food chain and is affected
by trophic relationships among organisms in the
marine environment; thus they can serve as a
suitable trophic marker. The trophic biomarker
concept is based on observations that marine
organisms have specific FA patterns, and some
of these compounds are incorporated into the
consumer’s unmodified lipids, providing trophic
information (Sargent and Whittle 1981, Drazen et
al. 2008).
This approach was used in several studies
on specific FA markers available for different
groups of primary producers and consumers
(Perry et al. 1979, Volkman et al. 1989), and FAs
were successfully used as trophic markers to
identify food sources, habitat preferences, feeding
strategies, and trophic links (Kharlamenko et
al. 1995 2001). PUFAs indicate organic matter
derived from fresh phytoplankton (Volkmann et
al. 1989), while detritus is rich in saturated FAs
(SAFAs) (Fahl and Kattner 1993).
The 16:1ω7/16:0 ratio is used to discriminate
between diatom versus dinoflagellate feeding.
This is due to the fact that 16:1ω7 is abundant in
diatoms, while 16:0 is common in dinoflagellates
(Graeve et al. 1994a b, St. John and Lund 1996,

Auel et al. 2002, Maazouzi et al. 2007).
Another ratio with the potential to differentiate
between these 2 food sources is 20:5ω3/22:6ω3
(Nelson et al. 2001, Phleger et al. 2002). The sum
of 16:1ω7+18:1ω7 is considered to be an indicator
of a diatom-based diet (Graeve et al. 2001, Nelson
2001, Auel et al. 2002). Literature data indicate
that 18:4ω3 is a dinoflagellate marker (Mansour et
al. 1999).
The 18:1ω7/18:1ω9 ratio was proposed as
a biomarker for an herbivorous vs. a carnivorous
diet (Graeve et al. 1997, Falk-Petersen et al. 2000,
Auel et al. 2002). The sum of branched and odd
FAs (15:0-17:0 + 18:1ω7) is used to estimate
bacterial dietary input, and 20:1ω9 is indicative of a
carnivorous diet (Virtue et al. 2000).
T h e l i p i d a n d FA c o m p o s i t i o n s o f M .
galloprovincialis from the Mar Grande of Taranto
have not been investigated to date. The aim of this
study was to examine seasonal variations in lipid
classes (TAGs, PLs, and cholesterol) and the FA
composition. In addition, this work is an attempt to
identify major food sources of M. galloprovincialis
from the Mar Grande in Taranto, using FA markers.
MATERIALS AND METHODS
Lipid extraction
Adult stocks of M. galloprovincialis were
collected monthly from June-Aug. 2006 (summer),
Sept.-Nov. 2006 (autumn), Dec. 2006-Feb. 2007
(winter) and Mar.-May 2007 (spring), from a
commercial mussel culture farm in Mar Grande at
Taranto, Italy (the Ionian Sea). The shell length
of mussels used for the lipid analysis ranged
3.7-5.7 cm. Prior to lipid extraction, the shells
were opened to collect the tissues. Tissues
were thoroughly cleaned with filtered seawater
and finely chopped, and around 0.5 g of tissue
was homogenized in 1.1% NaCl. Tissues from
5 different individuals (with 3 replicates) were
prepared for lipid extraction. Lipids were extracted
using chloroform: methanol (2: 1, v/v) following
the method of Folch et al. (1957). The total lipid
content was determined gravimetrically.
TAGs and total cholesterol were measured by
the colorimetric enzymatic Trinder (1969) method
(with a commercial kit from SGM, Rome, Italy).
PLs were quantified by a colorimetric enzymatic
method (Takayama et al. 1977) with a commercial
kit (SGM).
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After evaporation to dryness, the lipid extract
fraction was transesterified to methyl esters in
boron trifluoride catalyzed by a methanol: benzene
solution (1: 2 v/v) at 90°C for 20 min (Allinger
1986). When the methylation was completed,
2 ml of distilled water was added to the mixture.
FA methyl esters were analyzed by gas-liquid
chromatography using an HP 6890 series gas
chromatograph (Hewlett Packard, USA) equipped
with an Omegawax 250 capillary column (Supelco,
USA). The column temperature program was
as follows: from 150 to 250°C at 4°C/min, then
maintained at 250°C. Helium was used as the
carrier gas at a flow of 1 ml/min.
Methyl esters of FAs were identified by
the FAME mix (Supelco) as the standard, and
the results are reported as seasonal average
percentages of total identified methyl ester FAs.
Lipid analyses were carried out in triplicate,
and results are expressed as seasonal average
percentages of the dry weight (DW) of the animals.
TAG, PL, and cholesterol levels are also expressed
as average seasonal percentages of total lipids.
Data analysis
Data are presented as the seasonal average
± the standard deviation (SD). Statistical analyses
were performed using the SPSS statistical
package (SPSS, version 16.0, IBM Company,
Chicago, USA). Differences in lipid compositions
among seasons were analyzed by analysis of
variance (ANOVA) at the 5% confidence level.
Multiple mean comparisons were made using
Fisher’s least significant difference (LSD) test to
estimate differences in FA markers among specific
sampling seasons (statgraphics plus vers. 2.1,
Statistical Graphics Corp., Princeton, NJ, USA).
RESULTS
Lipid class analysis
The seasonal average trend of total lipids in M.
galloprovincialis is shown in figure 1. In summer,
total lipids were higher at 24.7% DW, while the
lowest value was encountered in winter (3.5%
DW).
Results of the statistical analysis indicated
that total lipids of M. galloprovincialis, determined
in each season, significantly differed from each

other (ANOVA, p < 0.05).
The amount of TAGs significantly changed
over the seasons (ANOVA, p < 0.05). TAGs
were the major lipid class in spring and summer
accounting for 55.28% and 60.3% of total lipids,
respectively, while in autumn and winter, they
reached the lowest levels (32.58% and 38.63% of
total lipids, respectively). In contrast, PLs showed
maximum values in autumn and winter (56.16%
and 47.5% of total lipids, respectively) and lower
values in spring and summer (31.1%-29.7% of
total lipids, respectively). For this lipid class, no
significant difference was found between spring
and summer (ANOVA, p > 0.05). The cholesterol
content did not exhibit large variations over the
seasons (ANOVA, p > 0.05) (Fig. 2).
FA composition
In total, 31 FAs were identified, and their
seasonal variations are shown in table 1. The FA
profile of M. galloprovincialis was characterized
by a predominance of SAFAs in all seasons with
percentages of 49.29%-57.22% of total FAs,
followed by MUFAs which ranged 33.19%-39.63%
of total FAs and PUFAs at 7.55%-11.16%.
The major SAFA was palmitic acid (16:0),
accounting for up to 33.46% of total FAs in
summer, followed by stearic acid (18:0), myristic
acid (14:0), and behenic acid (22:0).
The great majority of MUFAs consisted of
myristoleic acid (14:1: 3.01%-9.3% of total FAs),
palmitoleic acid (16:1ω7: 4%-7.14% of total FAs),
oleic acid (18:1ω9: 2.31%-8.4% of total FAs),
nervonic acid (24:1ω9: 4.4%-8.5% of total FAs),
and eicosenoic acid (20:1ω9: 4.05%-5.80% of total
FAs). Other MUFAs, such as 18:1ω7 and 20:1ω7,
appeared in lower proportions.
T h e p r e d o m i n a n t P U FA s w e r e 2 2 : 2
(2.01%-2.87% of total FAs) and also 22:6ω3
(1.2%-2.17 of total FAs), followed by 18:2ω6
( 0 . 8 3 % - 2 . 2 7 % ) . P U FA s w i t h 1 8 c a r b o n
Total lipids (%) dry weight
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Fig. 1. Total lipids (% dry weight) ± standard deviation (SD) of
Mytilus galloprovincialis during the study period.
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atoms and 3 or 4 double bounds and those
with 20 carbon atoms were present in lower
concentrations. No significant differences were
found among seasons for myristic acid (14:0)
(ANOVA, p > 0.05); the percentage of 16:0
significantly differed only between autumn and
summer (ANOVA, p < 0.05), and for 18:0, a
significant difference was found between winter
and spring (ANOVA, p < 0.05). Most MUFAs
showed significant differences between winter
and summer seasons (ANOVA, p < 0.05), except
for 16:1ω7 and 20:1ω9 (ANOVA, p > 0.05).
During the entire study period, 18:2ω6,
18:4ω3, 20:4ω6, and 22:2 PUFAs showed no

significant differences among seasons. Linolenic
acid (18:3ω3) did not significantly change between
spring and summer or between autumn and
winter (ANOVA, p > 0.05). There were significant
differences in eicosapentaenoic (EPA, 20:5ω3)
among seasons (ANOVA, p < 0.05), except
between autumn and summer (ANOVA, p > 0.05).
Trophic markers
Table 2 shows the summary statistics from
the multiple mean comparisons, comparing
average contents of selected FAs which are used
as trophic markers. SAFAs in mussels collected

Table 1. Fatty acid composition (% of total fatty acids (FAs)) of Mytilus galloprovincialis
Fatty acid

Summer

± SD

Autumn

± SD

Winter

± SD

Spring

± SD

C11:0
C12:0
C14:0
C15:0
C16:0
C17:0
C18:0
C20:0
C22:0
Σ SAFAs
C14:1
C15:1
C16:1ω7
C16:1ω5
C17:1
C18:1ω9
C18:1ω7
C20:1ω9
C20:1ω7
C22:1ω9
C24:1ω9
Σ MUFAs
C18:2ω6
C18:3ω3
C18:3ω6
C18:4ω3
C20:2
C20:3ω3
C20:3ω6
C20:4ω6
C20:5ω3
C22:2
C22:6ω3
Σ PUFAs

1.37
0.09
7.32
0.09
33.46
1.38
6.83
0.40
2.77
53.71
3.01
0.32
4.26
0.72
7.53
4.42
5.25
1.77
8.50
35.78
2.27
2.19
0.38
0.81
0.07
0.31
0.63
0.15
2.01
1.70
10.52

0.36
0.02
0.56
0.03
2.69
0.42
1.21
0.06
0.63

3.85
0.50
7.58
1.03
26.90
1.70
7.92
0.70
7.04
57.22
9.30
0.31
4.50
0.90
1.10
2.31
2.50
4.05
2.07
1.50
6.71
35.25
0.83
0.51
0.82
1.10
0.22
2.87
1.20
7.55

0.70
0.02
0.90
0.20
2.40
0.80
0.90
0.09
1.10

3.44
0.20
5.68
1.02
31.95
1.61
8.72
0.30
4.20
57.12
7.60
0.30
4.00
0.75
4.44
2.52
5.00
2.47
1.71
4.40
33.19
1.07
0.83
0.33
1.42
0.72
1.09
2.05
2.17
9.68

0.84
0.08
1.15
0.56
2.06
0.32
1.05
0.09
0.96

3.23
0.10
6.58
1.01
28.88
1.45
5.58
2.46
49.29
8.87
0.30
7.14
0.70
8.40
3.02
5.80
3.70
1.70
39.63
1.10
1.65
0.70
1.59
0.56
0.90
0.36
2.70
1.60
11.16

1.04
0.04
0.63
0.27
2.17
0.23
1.08

0.54
0.05
0.52
0.03
0.98
0.62
0.74
0.45
0.94
0.76
0.43
0.06
0.02
0.01
0.08
0.06
0.03
0.12
0.18

1.00
0.02
0.82
0.08
0.10
0.98
0.75
0.62
0.15
0.09
0.85
0.34
0.18
0.28

0.31
0.05
0.78
0.55

1.12
0.07
1.11
0.12
0.85
0.66
1.04
0.84
0.36
1.03
0.21
0.11
0.03
0.16
0.15

0.08
0.51
0.10

SAFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids.

1.10
0.55
0.06
1.04
0.09
1.10
0.78
0.87
1.02
0.58

0.16
0.21
0.08
0.58
0.05

0.03
0.04
0.98
0.09
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in autumn and winter significantly differed from
those found in spring (Fisher’s test, p < 0.05). In
spring and summer, PUFAs significantly differed
from those in autumn (Fisher’s test, p < 0.05).
MUFAs and the PUFAs/MUFAs and PUFAs/SAFAs
ratios did not significantly differ among seasons
(Fisher’s test, p > 0.05). In spring, the 16:1ω7/16:0
ratio significantly differed from those in summer
and winter. The sum of 16:1ω7+18:1ω7 in spring
significantly differed from all other seasons.
The 20:5ω3/22:6ω3 ratio showed significant
differences between summer-winter and
autumn-spring samples (Fisher’s test, p < 0.05).
Furthermore, the 18:1ω7/18:1ω9 ratio, the sum
of 15:0+17:0+18:1ω7, and the trophic markers,
18:4ω3 and 20:1ω9, did not significantly differ
during the study period (ANOVA, p > 0.05).
DISCUSSION
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The population of Mytilus galloprovincialis
in the Mar Grande at Taranto showed significant
variations in total lipids throughout the year. Lower
lipid contents were observed in winter, with higher
ones in summer.
Several patterns of temporal variability of
lipids in bivalve molluscs, reported in previous
studies (Besnard et al. 1989, Pazos et al. 1996
2003), are the result of several environmental
factors acting simultaneously, such as temperature,
food availability, plankton composition, and
physiological factors. In many temperate bivalves,
the lipid content steadily increases during summer
months until spawning occurs (Gabbott 1983). In
this study, the lipid contents of M. galloprovincialis
were relatively high compared to values reported
for most other temperate bivalves: values for the
lipid contents of M. edulis by Zandee et al. (1980)

PL

Fig. 2. Seasonal changes in lipid classes (expressed
as a percentage of the dry weight of tissue) in Mytilus
galloprovincialis.
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were 10%-11%; Wenne and Polak (1989) reported
18% for Macoma baltica; and a value of 12% was
reported for Mercenaria mercenaria (Klingensmith
and Stillway 1982).
Qualitatively, the lipid class composition of
M. galloprovincialis being dominated by TAGs
and PLs was characteristic of many other marine
bivalves. TAGs are known as major reserve lipids
in many marine organisms (Sargent 1976). In
adult bivalves, TAG deposits in gonads indicate a
role as a major energy reserve for reproduction,
while TAG deposits in other tissues serve to
maintain energy during the food-limited winter
period.
Mussels, like other marine bivalves in
temperate latitudes, exhibit cyclic changes in
reproductive stages as a consequence of the
seasonality of environmental conditions. For M.
galloprovincialis in the Mar Grande, Matarrese
et al. (1993) reported 1 phase of reproductive
activity (autumn-winter), one in which a decrease
in gametogenic activity begins (spring), and one of
quiescence (summer), when the water temperature
rises to > 20°C. During periods of minimal
gametogenic activity, TAGs were the main class
of lipids according to our results; this occurred
during the spring and summer. Although TAGs
are described as the main lipid form in different
bivalves (Lubet et al. 1985, Pazos et al. 2003),
the results of this study show that in autumn and
winter, PLs were considerably greater than TAGs,
as occurs in Pecten magellanicus (Napolitano et
al. 1992) and Crassostrea gigas (Allen and Conley
1982).
The increase in PLs during autumn and
winter may be related to their role as structural
membrane lipids and as part of the lipovitellines
that accumulate in oocytes, as a reserve for the
cellular division process, following fertilization
(Napolitano et al. 1992, Li et al. 1998).
Sterols showed a similar seasonal cycle to
that of PLs, but at lower levels. This may have
been due to the fact that the major function of
sterols is to maintain the structural integrity of cell
membranes (Nes 1974).
Even though the influence of the diet on the
lipid composition of the next trophic level becomes
more blurred with each step up the food chain,
data from the literature indicate that dietary quality
affects the FA composition of different bivalves
(Pazos et al. 1996, Knauer and Southgate 1997,
Linehan et al. 1999).
The potential of FAs to improve interpretation
of trophic interactions has proven to be a useful tool
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for this kind of investigation (Graeve et al. 1994a
b, St. John and Lund 1996). In order to obtain
indications of feeding behavior and food sources of
Mytilus galloprovincialis, a variety of FA ratios and
the sum of some FAs were examined as trophic
markers. The FA profile of M. galloprovincialis
showed a considerable contribution of SAFAs in
tissues during all seasons, while PUFAs were less
abundant. This contrasts with previously published
data in other species of bivalves, such as Chlamys
islandica (Bell et al. 1985) and Pecten maximus
(Besnard 1988), in which PUFAs were the major
FAs measured, indicating that phytoplankton is
the main feeding source in those species. In this
study, the major SAFA proportion, throughout the
year, was primarily due to the high percentage of
short-chain, palmitic 16:0 and stearic 14:0 FAs,
indicating omnivorous feeding habits (Graeve
et al. 1994a b). This may have been due to the
seston food quality collected in the oligotrophic
Mar Grande having high concentrations of SAFAs
and low concentrations of PUFAs as reported by
Fahl and Kattner (1993) for oligotrophic Antarctic
waters. Rossi et al. (2008) reported that SAFA
contents of seston accounted for 73%-93% of
total lipids, with 12:0, 14:0, 16:0, 18:0, and 22:0
SAFAs isolated in the highest concentrations for
seston from Georges Basin and Oceanographer
Canyon (in the NW Atlantic). These data obtained
for seston in the NW Atlantic are similar to those
obtained in this study for M. gallopovincialis and
may indicate that 14:0 and 16:0 SAFAs were

conservatively transferred between seston and M.
galloprovincialis.
In addition, FAs become saturated as
particulate organic matter is oxidized in the water
column, especially during conditions of low nutrient
availability, high levels of detritus, and limited
phytoplankton growth (Goutx and Saliot 1980,
Mayzaud et al. 1989, Fahl and Kattner 1993, Baldi
et al. 1997, Parrish et al. 2005).
In addition, Brett et al. (2006) reported a
pattern of FAs in cyanophytes similar to that
observed in this study for M. galloprovincialis,
which suggests that M. galloprovincialis also feeds
on cyanophytes.
T h e M U FA p r o p o r t i o n w a s a l s o h i g h
(33.19%-39.63% of total FAs) compared to
PUFAs (7.55%-11.16% of total FAs) and did not
significantly vary during the period investigated in
contrast to SAFAs and PUFAs.
The bacterial contribution to the diet of
bivalves can be evaluated by the presence
of bacterial acids. Parkes and Taylor (1983)
reported that odd-numbered branched FAs, 15:0
and 17:0, and some MUFAs, such as 18:1ω7,
are predominantly synthesized by bacteria, and
these FAs constitute a significant proportion in
marine invertebrates, indicating potential bacterial
sources in the bivalve diet (Perry et al. 1979, Gillan
and Johns 1986, Kharlamenko et al. 1995). In
this study, the sum of 18:1ω7 and odd-branched
FAs indicated a moderate and constant bacterial
contribution to the mussel diet. Although in a

Table 2. Multiple mean comparisons of the main fatty acids trophic markers among
different seasons

Σ SAFAs
Σ MUFAs
Σ PUFAs
PUFAs/SAFAs
PUFAs/MUFAs
16:1ω7/16:0
16:1ω7+18:1ω7
20:5ω3/22:6ω3
18:1ω7/18:1ω9
15:0+17:0+18:1ω7
18:4.ω3
20:1ω9

Summer

Autumn

Winter

Spring

53.71ab
35.78a
10.52b
0.19a
0.29a
0.13a
8.68a
0.09a
0.59a
5.89a
5.25a

57.22a
35.25a
7.55a
0.13a
0.21a
0.17ab
7a
0.18b
1.08a
5.23a
4.05a

57.12a
33.19a
9.68ab
0.17a
0.29a
0.12a
6.52a
0.05a
0.57a
5.15a
1.42a
5a

49.29b
39.63a
11.16b
0.23a
0.28a
0.25b
10.16b
0.22b
0.34a
5.48a
1.52a
5.80a

SAFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids.
Significant differences among the means are indicated by different superscript letters on the same line (at
the 5% confidence level).
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previous study carried out in the Mar Grande at
Taranto (Stabili and Cavallo 2001), it was reported
that bacteria reached the highest density during
summer months, Mytilus galloprovincialis did not
show significant differences in bacterial acid inputs
among seasons.
According to Falk-Petersen et al. (2000),
18:1ω9 is a major FA of most marine animal lipids.
The 18:1ω7 FA is also frequently present in great
quantities, being derived from chain elongation
of the phytoplankton 16:1ω7 FA (e.g., Graeve et
al. 1997, Falk-Petersen et al. 2000, Kharlamenko
et al. 2001). Therefore, 16:1ω7 and 18:1ω7 in
animal lipids tend to reflect phytoplanktonic dietary
inputs, while 18:1ω9 reflects carnivorous dietary
inputs. In this study, M. galloprovincialis showed
a high 18:1ω9/18:1ω7 ratio indicating an animal
dietary input. On the other hand, the relatively
high concentration of 20:1ω9 (4.05%-5.8%)
suggested once more that M. galloprovincialis
feeds on zooplankton. The use of zooplankton as
food was also reported in the oyster Ostrea edulis
(Knox 1986). Falk-Petersen et al. (2002) showed
that copepods usually contain large amounts of
20:1ω9 and 20:1ω11, which together constituted
60% of total fatty acids. These trophic markers
did not significantly vary during the entire study
period, even though zooplankton abundance in the
Mar Grande was highest during summer months
(Belmonte et al. 2001).
Regarding the contribution of phytoplankton
to the diet of M. galloprovincialis, the 16:1ω7/16:0
and 20:5ω3/22:6ω3 ratios, which allow
differentiation between diatom- and dinoflagellatebased diets, were very low. Trophic markers
for diatoms (16:1ω7 and 20:5ω3) (Graeve et al.
1994a b) and those for dinoflagellates (18:4ω3
and especially 22:6ω3), suggest that diatoms
and dinoflagellates contribute less to the diets of
M. galloprovincialis than do other phytoplankton
groups. Caroppo et al. (2006), in a study of
phytoplankton and cyanobacteria in the Taranto
Seas, reported for Lido Azzurro (Mar Grande) that
the phytoplankton communities consisted mainly
of nanosized phytoflagellates and diatoms. Their
contributions to the composition of the community
in terms of abundances differed: diatoms had a
higher average abundance percentage (30.4%),
while coccolithophorids never dominated the algal
community, and among picophytoplankton species,
Synechococcus was the most abundant.
It is known that bivalves have no or only
a very limited capability to synthesize PUFAs
(Waldock and Holland 1984, Chu and Graeves
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1991), but seem to have the capability of de
novo synthesis of some peculiar FAs called nonmethylene interrupted (NMI) FAs (20:2 and
22:2; Zhukova 1991), even if they are often not
considered in nutrition studies.
In this study, among PUFAs, NMID FAs
constituted the dominant part. It was suggested
that NMI FAs have functional and structural roles
in membranes (Kraffe et al. 2004) and also act
as a substitute for essential FAs such as 20:4ω3,
20:5ω3, and 22:6ω3 (Klingensmith 1982, Pond et
al. 1998, Zhukova et al. 1991). Indeed, these FAs
may be related to biosynthetic pathways based on
chain elongation and desaturation of ω7 MUFAs.
Whyte (1988) reported for Cra.ssostrea gigas
that the increase in 22:2 coincided with low levels
of 20:5ω3, and Klingensmith (1982) reported an
inverse relationship between ω3 PUFAs and NMI
FA levels.
Our results provide useful information on
lipid contents and fatty acid compositions in a
attempt to delineate the diet composition of M.
galloprovincialis from the Mar Grande at Taranto
(southern Italy). These preliminary data shed
some light on the food sources utilized by M.
galloprovincialis and on their potential nutritional
value for animal and human consumers. In this
context, FAs were employed as biomarkers to
examine the ability of M. galloprovincialis to use
food sources available in its environment and
develop different feeding strategies, which can be
key factors in ecosystem functioning. Furthermore,
the results are a valid addition to the literature on
lipid physiology in marine invertebrates and might
be of interest to local farmers, in order to optimize
aquaculture conditions.
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