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ABSTRACT: Recent studies have shown that the Mediterranean white sea bream Diplodus sargus
includes the invasive green alga Caulerpa cylindracea in its diet, with consequent metabolic and
enzymatic alterations. As a result of this novel alimentary habit, the bioactive algal red pigment
caulerpin has been detected in its tissues. However, this may not be an isolated case: other fish
species have also been reported to feed on C. cylindracea, although the possible accumulation of
caulerpin in their tissues has not yet been investigated. In this report, we analysed stomach contents and caulerpin levels in the native sparid species Spondyliosoma cantharus, Sarpa salpa, and
Diplodus vulgaris, and in the scarid Sparisoma cretense, along with the Lessepsian siganid
Siganus luridus. C. cylindracea was found in the stomachs of all but one fish species, the exception
being S. cretense, in which prey items could not be determined due to the high degree of digestion. Chemical analysis of fish tissues revealed that only S. cantharus and S. salpa accumulated
caulerpin, while no traces of the compound were detected in the other species. Despite intense
research efforts on natural products obtained from C. cylindracea, a complete picture of the
impacts caused by fish including this alga in their diet has not been elucidated. The identification
of caulerpin in other Mediterranean native fish suggests a need for further research in order to
assess the possible transfer of such molecules to humans through seafood consumption.
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INTRODUCTION
Invasive species are causing negative impacts
across all regions of the Mediterranean, including
many marine protected areas, with the consequent
failure of management and conservation practices to
maintain native biodiversity (Simberloff 2000). The
Pelagian Islands have not escaped this general trend
*Corresponding author: serena.felline@unisalento.it

and have now been colonized by many exotic species
of Indo-Pacific origin, including fish (e.g. Siganus
luridus and Fistularia commersonii; Azzurro et al.
2007) and invasive green algae (e.g. Caulerpa cylindracea; Serio et al. 2006).
However, although the densities, distribution and
temporal patterns of non-indigenous species (NIS)
have been widely investigated over the last few years,
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very little is known about the ecological impact of
their invasion on Mediterranean biodiversity. Generally, when an alien species is reported in a new environment, it has already established a close relationship with native wildlife. In this regard, the invasion
by the green alga C. cylindracea (whose identity and
origin remained obscure for a decade after the first
record) is proving to be a serious threat to native species in the invaded environments, including fish of
commercial interest. Indigenous to the southwestern
coast of Australia, C. cylindracea has spread across
the entire Mediterranean basin, and its impressive
and constant expansion is not expected to decline in
the near future (Bulleri & Benedetti-Cecchi 2008,
Montefalcone et al. 2015). Due to its invasiveness, the
alga has been included in the list of the 100 worst NIS
of the Mediterranean Sea (Streftaris & Zenetos 2006).
Given that C. cylindracea forms dense meadows in
vast areas of the Mediterranean, it is also reasonable
to expect that its bioactive secondary metabolites,
the most well-known and studied of which are the
bisindole alkaloid caulerpin, the sesquiterpene caulerpenyne, and the mixture of hydroxy amides caulerpicin, may start exerting critical impacts on native
communities (Mollo et al. 2015). Several biological
activities have been described for these compounds,
potentially contributing to the competitive success of
this alga in the invaded habitats (Brunelli et al. 2000,
Erickson et al. 2006, Raniello et al. 2007, Rocha et al.
2007).
Recently, an altered health status and a nutritional
impoverishment in flesh of the white sea bream
Diplodus sargus were found to be related to the
action of C. cylindracea metabolites. D. sargus has
been reported to consume high amounts of C. cylindracea, and, as a consequence of these novel feeding
habits, accumulates caulerpin in its tissues (Terlizzi
et al. 2011).The level of caulerpin in fish tissues (used
as a trophic marker of a C. cylindracea-based diet) is
not only related to the appearance of cellular and
physiological alterations (Felline et al. 2012, Gorbi et
al. 2014), but also to significantly altered muscle fatty
acid composition, with a reduction of essential polyunsaturated fatty acids of the n-3 and n-6 series
(Felline et al. 2014). These finding led to the hypothesis that similar negative effects, yet unrecognized,
could be occurring in other fish populations. Indeed,
several species have been observed to graze on C.
cylindracea (e.g. Klein & Verlaque 2008).
The aim of this study was to assess if, as a consequence of the addition of C. cylindracea to the diet,
other fish species accumulate caulerpin and are
potentially exposed to their toxic effects. Specifically,

we characterized the diet of 5 fish species, namely
the omnivore Spondyliosoma cantharus, the herbivorous Sarpa salpa and Sparisoma cretense, the generalist carnivore Diplodus vulgaris and the non-indigenous herbivore Siganus luridus. Subsequently, we
explored the possible accumulation of C. cylindracea
metabolites in the liver and muscle tissues of the fish.
The goal of this study was to provide further information on the transfer of bioactive molecules from marine invasive species into wild fish, paving the way for
assessing both their impact in the invaded areas and
the potential risks to humans associated with fish
consumption.

MATERIALS AND METHODS
Sampling
Three individuals each of Diplodus vulgaris, Sarpa
salpa, Spondyliosoma cantharus, Siganus luridus and
Sparisoma cretense were collected by spear fishing
performed by a SCUBA diver in November 2013 at
Punta Cappellone (35° 31.297’ N, 12° 35.554’ E) and
Taccio Vecchio (35° 31.444’ N, 12° 35.953’ E) in the
Isole Pelagie marine protected area off the northern
coast of Lampedusa Island, Italy. Each specimen was
weighed to the nearest 0.1 g and total length was
measured to the nearest 0.1 mm. Stomachs were removed by severing the esophagus near the buccal
cavity and the intestine just anterior to the pyloric
caeca; the contents were preserved in 70% ethyl
alcohol. Approximately 1 g of fish muscle was excised from above the lateral line, beginning near the
operculum along the side of the fish. Liver and muscle tissue from each individual were frozen and
maintained at −20°C until processed for chemical
analyses.

Quantification of caulerpin
Levels of caulerpin accumulation in liver and muscle tissue of each specimen were measured by ultraperformance liquid chromatography/mass spectrometry (UPLC-MS/MS) following the procedure described in Gorbi et al. (2014). Briefly, lyophilized liver
and muscle tissues (25 and 50 mg, respectively) were
extracted with ethyl acetate. Before extraction, indolacrilic acid methyl ester was added as an internal
standard in lyophilized liver and muscle tissues (20 µl
of solutions, 80 and 10 µg ml−1, respectively). Organic
extracts were evaporated under reduced pressure and
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reconstituted in 1 ml of methanol. UPLC-MS/MS analyses were performed with 3 technical replicates, and are
reported as mean (±SE, n = 3) values in µg g−1.

Analysis of stomach contents
Prey items were identified to the lowest possible
taxonomic level. All prey categories were enumerated, blotted and weighed separately to the nearest
mg (0.001 g).
Frequency of occurrence (Oi%; the percentage of
non-empty stomachs containing the i th particular
prey item) and percentages by weight of prey (Wi%;
the ratio of the weight of the i th prey category Wi to
the total weight of the stomach content WT) were calculated. These indices were then combined to calculate, for each item, the modified index (MIi ) of relative importance (Hayse 1990), such that for a specific
food category i, MIi becomes
⎡ (Wi × Oi ⎤
⎥ × 100
MIi = ⎢ n
(1)
⎢ ∑ (Wi × Oi ⎥
⎣ i
⎦
where n is the total number of food categories considered at a given taxonomic level.
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Table 1. Biometric data and caulerpin levels in liver and
white muscle tissue of all analyzed fish, grouped by species
(3 individuals for each species). For each individual, the
mean (± SE, n = 3) caulerpin level (Cau) is expressed as µg
per g of lyophilized tissue. nd: not detectable
Total length
(cm)

Weight
(g)

Cau liver
(µg g-1)

Cau muscle
(µg g-1)

0.36 ± 0.21
0.36 ± 0.21
33.82 ± 4.14
6.57 ± 1.44

0.06 ± 0.06
0.06 ± 0.06
8.24 ± 1.19
1.09 ± 0.60

Diplodus vulgaris
25.8
280.3
23.3
229.2
23.0
207.1

nd
nd
nd

nd
nd
nd

Sparisoma cretense
30.7
534.8
29.7
480.0
20.5
144.0

nd
nd
nd

nd
nd
nd

Spondyliosoma cantharus
18.5
109.7
18.5
109.7
20.5
135.7
23.5
213.1

Sarpa salpa
22.0
22.5
20.5

164.3
170.5
120.0

8.36 ± 0.72
6.35 ± 0.60
5.62 ± 0.39

1.87 ± 0.47
1.23 ± 0.12
0.30 ± 0.21

Siganus luridus
25.7
24.7
24.9

394.2
319.7
356.2

nd
nd
nd

nd
nd
nd

RESULTS

DISCUSSION

A total of 15 specimens, 3 of each species, with a
mean (± SE) total length of 23.7 ± 0.8 cm were analyzed; all biometrics data are reported in Table 1.
Analyses of stomach contents were carried out on all
fish species, with the exception of Sparisoma cretense,
in which food items had been reduced to an indiscernible mass. Caulerpa cylindracea was found in the
stomachs of all individuals of Sarpa salpa and Siganus
luridus, whereas only 1 specimen both of Diplodus
vulgaris and Spondyliosoma cantharus had algae in
the gut. According to the MI index, C. cylindracea was
particularly important in the diet of S. cantharus (MI =
28%), whereas it constituted only a minor item in the
diet of the other species (Table 2, Fig. 1).
Chemical analysis of fish tissues revealed that only
S. cantharus and S. salpa accumulated caulerpin,
while no trace was detected in the other species.
Lower levels of caulerpin were found in the herbivorous S. salpa (from 5.62 to 8.36 µg g−1 of lyophilized
liver) than in S. cantharus, where caulerpin levels in
the liver ranged from 0.36 to 33.82 µg g−1 (Table 1).
In general, lower levels of caulerpin were found in
muscle than in liver tissues (Table 1).

In this report, we provide preliminary data indicating that the accumulation of dietary caulerpin, formerly only observed in the white sea bream, also
occurs in 2 other native edible fish species known to
consume Caulerpa cylindracea, namely Spondyliosoma cantharus and Sarpa salpa, with higher levels
found in the former. No caulerpin accumulation was
detected in the native species Diplodus vulgaris and
Sparisoma cretense, or in the non-native fish Siganus
luridus.
Caulerpin showed a special propensity to accumulate in liver tissues, as already observed in Diplodus
sargus (Terlizzi et al. 2011), whereas the lowest levels
were found in muscle. Differences in the distribution
of caulerpin can be explained in relation to the different lipid content in fillet and liver, and the general
positive relationship that is known to occur in fish
between tissues with higher lipid content (adipose
tissue, gonads, and liver) and the load of hydrophobic pollutants (e.g. Garcia et al. 2000, Davis et al.
2002, Monosson et al. 2003, Blanes et al. 2009). Moreover, many chemicals that are assimilated by the gut
reach high concentrations in the liver because they
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Table 2. Analysis of fish stomach contents (n = 3 individuals for each species) expressed as percentage of frequency of
occurrence (O%) and index of relative importance (MI%). Whenever possible, items were grouped by Order or Class
Diplodus vulgaris
O%
MI%
Caulerpa cylindracea
Algae
Tracheophyta (Liliopsida)
Chetognatha (undetermined)
Arthropoda (Harpacticoida)
Arthropoda (Leptostraca)
Arthropoda (Mysida)
Arthropoda (Amphipoda)
Arthropoda (Decapoda)
Arthropoda (Crustacea und.)
Mollusca (Gastropoda)
Mollusca (Bivalvia)
Mollusca (Scaphopoda)
Annelida (Polychaeta)
Sipuncula (undetermined)
Bryozoa (undetermined)
Cnidaria (Siphonophorae)
Chordata (Actinopteri)

33.3
66.7
66.7
0
0
33.3
0
33.3
66.7
0
100
66.7
33.3
100
66.7
33.3
0
0

3.9
17.9
28.7
0
0
0.1
0
1.4
51
0
31.2
6.4
0
5.4
0.1
0
0
0

Sarpa salpa
O%
MI%
100
100
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3.6
96.4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Spondyliosoma cantharus
O%
MI%
100
0
33.3
33.3
33.3
0
33.3
0
33.3
33.3
0
0
0
0
0
0
66.7
100

27.5
0
1
0.2
0
0
0
0
3.6
6.6
0
0
0
0
0
0
3.9
57.2

Siganus luridus
O%
MI%
100
100
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.3
99.7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

pass the liver first, and because in the hepatic sinuthere are any differences between different trophic
soids the slow blood flow increases residence time
compartments, and to understand whether herbivo(Pelkonen & Ahokas 2009).
rous fish species exhibit more efficient pathways
The rates of absorption, metabolism, and eliminathan omnivores with respect to detoxification of
tion of toxicants could certainly vary among species
plant-derived toxins. This is a pressing need, since
and strains within species, as well as among sex, size
altered demographic dynamics in S. salpa (the main
and age classes. Variability in the accumulation of
herbivore on Mediterranean rocky reefs and seacaulerpin among D. sargus individuals has been regrass meadows), eventually caused by the consumpported in the literature (Felline et al. 2012, 2014,
tion of C. cylindracea, would likely result in major
Gorbi et al. 2014) but the biological mechanisms
changes to the structure and functioning of lower and
underlying intra-specific variability remain unclear.
higher trophic-level communities (Bariche et al.
This study has presented an initial exploration and a
2004, Goren & Galil 2005, Sala et al. 2011). Future
starting point for further research on an extension of
directions of research in this area should also take
the phenomena observed in D. sargus to other organinto account that the absence of caulerpin in the
isms at different trophic levels.
Conclusions from this study must
Siganus luridus
C. cylindracea
be drawn with caution because of the
Algae spp.
small number of individuals anaTracheophyta
Annelida
Sarpa salpa
lyzed. However, despite the low samMollusca
ple size, our results do confirm that
Arthropoda
Chordata
the red pigment caulerpin does enter
Diplodus vulgaris
Cnidaria
the food chain and accumulates in the
Other
tissues of edible fish species. In the
light of these results, subsequent
Spondyliosoma cantharus
efforts should be directed toward an
evaluation of the possible impact of
algal metabolites on the health status
0
20
40
60
80
100
and reproductive potential of S. canMI%
tharus and S. salpa. These results
Fig 1. Diet composition of the investigated species according to the modified
could then be compared with data on
index of relative importance (MI%). Items were grouped by phylum; those
that comprised <1% of the diet of all fish species were included in ‘Other’
D. sargus in order to determine if
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Lessepsian migrant S. luridus might be due to either
a lower exposure to the seaweed (or lower rate
of consumption), or to more efficient pathways of
detoxification.
In conclusion, the present study has shown that the
accumulation of caulerpin from consumption of C.
cylindracea is not limited to D. sargus, but involves at
least 2 other native Mediterranean fish species. This
information sets the stage for a more thorough evaluation of the mechanisms of accumulation and/or
detoxification of caulerpin, both in native and nonnative species.
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