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Abstract The alien Asian gastropod Rapana venosa
(Valenciennes 1846) was first recorded in 1973 along the
Italian coast of the Northern Adriatic Sea. Recently, this
predator of bivalves has been spreading all around the
world oceans, probably helped by ship traffic and
aquaculture trade. A caging experiment in natural
environment was performed during the summer of 2002
in Cesenatico (Emilia-Romagna, Italy) in order to esti-
mate consumption rates and prey preference of
R. venosa. The prey items chosen were the Mediterra-
nean mussel Mytilus galloprovincialis (Lamarck 1819),
the introduced carpet clam Tapes philippinarum (Adams
and Reeve 1850), both supporting the local fisheries, and
the Indo-Pacific invasive clam Anadara (Scapharca)
inaequivalvis (Bruguière 1789). Results showed an aver-
age consumption of about 1 bivalve prey per day (or
1.2 g wet weight per day). Predation was species and size
selective towards small specimens of A. inaequivalvis;
consumption of the two commercial species was lower.
These results might reduce the concern about the eco-
nomical impact on the local bivalve fishery due to the
presence of the predatory gastropod. On the other hand,
selective predation might probably alter local commu-
nity structure, influencing competition amongst filter
feeder/suspension feeder bivalve species and causing
long-term ecological impact. The large availability of
food resource and the habitat characteristics of the
Emilia-Romagna littoral makes this area an important
breeding ground for R. venosa in the Mediterranean Sea,
thus worthy of consideration in order to understand the
bioinvasion ecology of this species and to control its
likely further dispersal.
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Introduction

The Asian whelk Rapana venosa (Valenciennes 1846)
was unintentionally introduced along the Northern
Adriatic littoral in the 1970s (Ghisotti 1974). This gas-
tropod is a successful invader of marine coastal/brackish
ecosystems, being tolerant to wide variations in tem-
perature, salinity and oxygen concentration (Zolotarev
1996; Mann and Harding 2003). Moreover, throughout
spring and summer this dioecious species produces a
large number of planktonic veliger larvae which persist
in the water column for a minimum of 14 to a maximum
of 80 days prior settlement on the sea bottom (ICES
2004), thus granting high dispersal opportunity (Savini
and Occhipinti Ambrogi 2004). Its native distribution
includes the Sea of Japan, Yellow Sea, Bohai Sea and
the East China Sea to Taiwan (Lai and Pan 1980;
Tsi et al. 1983). The whelk has been spreading very fast
in the last century when it colonised the Black Sea since
1947 (Drapkin 1953), the Adriatic Sea since 1973
(Ghisotti 1974), the Aegean Sea since 1990 (Koutsoubas
and Voultsiadou-Koukoura 1991), the American
Atlantic Sea/ Chesapeake Bay since 1998 (Harding and
Mann 1999), and the South Atlantic/Bahia Sambo-
rombon, Uruguay and Argentina since 1999 (Pastorino
et al. 2000). Few live specimens were reported also for
the Tyrrhenian Sea (Terreni 1980; Paolini 1987) and the
Northern Atlantic coasts of France/Quiberon Bay
(Goulletquer 2000). Ballast water transport was claimed
as the main vector of introduction for the species (ICES
2004), although trade of bivalve stocks and spat could
represent an additional important dissemination route
(Goulletquer 2002).

This large (up to 160 mm shell length) predatory
gastropod is considered a pest; it has been causing the
depletion of large stocks of commercial bivalves (oys-
ters, mussels, and clams) in the Black Sea since the 1950s
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(Drapkin 1963; Ciuhcin 1984; Zolotarev 1996). So far,
no similar threats to the ecosystem were reported in the
other localities of introduction, but the international
scientific community agrees in considering R. venosa a
dangerous alien species for which study efforts should be
prioritised (ICES 2004).

Since 2001, our research group is conducting baseline
investigations in order to understand R. venosa distri-
bution, population structure, and ecology in Italian
waters. The aim of our study is the preparation of a risk
assessment protocol for managing R. venosa bioinva-
sion, foreseeing further spreading, defining risk levels
and thresholds of risk acceptability.

A very important step forward in defining the pro-
tocol is represented by understanding the complexity of
biotic interactions, such as predation and competition,
between the invasive gastropod and the benthic com-
munity; these interactions need to be quantified for a
reliable evaluation of the ecological impact of the gas-
tropod in the recipient ecosystem.

Investigations conducted by Harding and Mann
(1999) in the Chesapeake Bay showed that R. venosa
occupies an important position as a secondary consumer
in the native food web of coastal ecosystem, preying on
native filter feeders and suspension feeders bivalves. It
was shown experimentally that, differing from other
muricids, this gastropod preys only on live specimens
avoiding carrions; an adult specimen of 140 mm length
is capable of consuming an 80 mm shell length clam in
less than 1 h. Feeding experiments showed preferences
for local hard clams (Mercenaria mercenaria) while other
bivalves such as Crassostrea virginica, Mya arenaria and
Mytilus edulis were eaten only when M. mercenaria were
unavailable. Large R. venosa (101–160 mm shell length)
were able to consume on average 1.5 g of M. mercenaria
(wet weight) per day at a water temperature of
approximately 26�C (Savini et al. 2002).

According to the optimal foraging theory (Hughes
1980), R. venosa could behave as a ‘‘pursuer’’ that
searches for specific prey, thus maximizing its net rate of
energy intake spending much time in handling a specific
prey than searching for general prey species. The intro-
duction of a new predator would cause complex struc-
tural changes in the community, directly influencing
population density, distribution and growth of the pre-
ferred prey and indirectly modifying interspecific rela-
tionships amongst local prey species. It is largely
recognised that when an alien species finds optimal
conditions for its growth and reproduction (i.e. large
availability of food and a suitable habitat for repro-
duction), the lack of an efficient control on it by com-
petitors/predators could determine a collapse of the
entire trophic web; well-known examples of such situa-
tions are the bioinvasion of the comb jelly Memniopsis
leidyi in the Black Sea/Caspian Sea (Shiganova et al.
2001; Shiganova et al. 2003) or of the European green
crab Carcinus maenas along the coasts of United States
and Australia (Grosholz and Ruiz 1995; Walton et al.
2002).

In this paper, we present the results of an experi-
mental investigation aiming at quantifying R. venosa
consumption rates and prey preferences in Cesenatico
(Emilia-Romagna, Italy), a locality in the Northern
Adriatic Sea, where the gastropod has been showing a
constant increase in population density (Savini et al.
2004; Savini and Occhipinti Ambrogi, unpublished
data). Our hypotheses is that R. venosa could act as a
pursuer also in our study area, where, due to the local
abundance of different potential bivalve prey, food
availability is not a limiting factor. This preliminary
investigation on the dietary requirement of R. venosa
would represent a starting point for understanding the
potential ecological impact of this species in the
Northern Adriatic Sea.

Materials and methods

Study site

The study was conducted along the littoral of Cesenatico
(Emilia-Romagna, Italy) in the Northern Adriatic Sea
(Fig. 1), a sandy bottom habitat where the only hard
substrata are represented by man-made coastal projec-
tions such as piers, a tourist port and an almost con-
tinuous belt of limestone artificial reefs, 50–300 m from
the coast, built in the 1970s for preventing beach ero-
sion. Low depth, moderate tidal excursion, variable
salinity/temperature ranges and eutrophication are
important environmental characteristics of the study site
(Montanari et al. 2003). The soft bottom macrobenthic
community corresponds to the ‘‘Fine Sand biocoenosis
in very shallow waters’’ described by Pérès and Picard
(1964), dominated by the bivalves Lentidium mediterra-
neum, Chamelea gallina and the polychaetes Owenia
fusiformis, Prionospio caspersi; other non-indigenous
species are particularly abundant in the area such as the
commercially exploited introduced clam Tapes philipp-
inarum (Breber 2002), and the invasive Indo-Pacific clam
Anadara inaequivalvis (Mizzan 1999).

The hard bottom community living on the artificial
limestone reefs is characterised in larger proportion by
the Mediterranean mussel Mytilus galloprovincialis, and
in lower proportion by the flat oyster Ostrea edulis and
the introduced Pacific oyster Crassostrea gigas (Savini
and Occhipinti Ambrogi unpublished data).

Experimental layout

During May–July 2002, eight experimental plastic cages
(50 · 50 · 50 cm3—1 cm external, 0.3 mm internal
mesh) were positioned under a pier (/=44�13¢1¢¢N;
k=12�23¢5¢¢E) and fixed to the sea bottom at 1.5–2 m
depth. Eight R. venosa specimens (99–110 mm shell
length—SL) were collected by scuba diving along the
artificial reefs, kept in an additional cage positioned near
the experimental site and starved for 48 h prior to the
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start of the experiment in order to standardise hunger
levels. Three species, all common representative of the
local shallow water bivalve community, were selected as
prey for the experiment: the commercially exploited
Pacific carpet clam T. philippinarum, the Mediterranean
mussel M. galloprovincialis and the invasive ark clam
A. inaequivalvis; prey were collected from the area sur-
rounding the experimental site by scuba diving and put
into each experimental cage, divided in two length size
classes (SC1; SC2) as follows:

1. T. philippinarum: 10 ind. SC1 = 15–30 mm SL; 10
ind. SC2 = 31–45 mm SL

2. A. inaequivalvis: 10 ind. SC1 = 15–30 mm SL; 10 ind.
SC2 = 31–45 mm SL

3. M. galloprovincialis: 5 ind. SC1 = 20–60 mm SL; 5
ind. SC2 = 61–90 mm SL

Bivalves were arranged so that R. venosa initially had
the same probability of encountering each size of prey
(i.e. the predator at the centre of the cage with bivalves
of alternating species and size spaced evenly around it).

Starting from May 1st 2002, for an experimental
period of 44 days, enclosures were examined two-three
times a week by scuba diving, removing and measuring
(calliper: 0.1 mm) the empty shells of all prey eaten. In
the same occasions, bivalves consumed were replaced
with prey of similar dimensions thus maintaining con-
stant prey/size availability. Water temperature (mercury
thermometer) and salinity (portable refractometer) val-
ues were recorded in the experimental cages at each
control.

Prey biometry

A size range of 50 bivalve specimens for each prey
species was collected by scuba diving both on sandy
bottom (A. inaequivalvis: 17–57 mm SL; T. philippina-
rum: 22–37 mm SL) and rocky reefs (M. galloprovin-
cialis: 20–65 mm SL). Samples were individually
measured (shell length, mm) and weighed prior the
removal of the soft tissue; soft tissue was weighted (wet
weight, g) to the nearest 0.1 g. Data were utilised for
elaborating prey size/weight relationships.

Prey density

Prey density at the study site was estimated by random
quadrate sampling. T. philippinarum and A. inaequivalvis
population densities were computed digging out and
counting the number of bivalves collected in square
frame (side: 50 cm) randomly flung on the sea bottom at
low tide per 35 spatial replicates. M. galloprovincialis
density was assessed by scuba diving along the limestone
reefs of Cesenatico, scraping a 15 · 15 surface (in 24
replicates) of the mussel community in a steel sampling
net (0.5 mm mesh).

Data analysis

Data analysis was performed utilizing the multivariate
techniques described by Roa (1992) for multiple-choice

Fig. 1 Location of the
experimental site in Cesenatico
(/ = 44�13’1’’N; k = 12�
23’5’’E). The black arrow
indicates the position of the
experimental enclosures fixed
under the pier in the picture
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feeding-preference experiments. An analogous of
Quade’s (1979) statistic test, the Friedman test (Conover
1999) was applied to the data set using the software
StatsDirect Version 2.4.5. Linear regression analysis
between linear and non-linear parameters (i.e. length/
weight relationships) were performed using the software
Minitab 12.0 Student Edition; data were log10 trans-
formed in order to normalise/homogenise variances;
significance levels for all statistical tests were established
at P = 0.05 a priori.

Results

Prey preferences and consumption rates

A total of 280 bivalves (196 A. inaequivalvis, 48 T. phil-
ippinarum, 36 M. galloprovincialis) were consumed by
eight Rapana individuals. Predation was discontinuous
during the whole experimental period (Fig. 2).

A clear preference for A. inaequivalvis was observed;
this species was consumed during the entire period,
whereas T. philippinarum and were consumed mainly in
the first and M. galloprovincialis in the last weeks of
the experiment. The average consumption rate of
A. inaequivalvis (±standard deviation) per cage was
25±10 ind.; T. philippinarum, 6±3 ind.; M. gallopro-
vincialis, 5±4 ind. Friedman test confirmed significant
differences between the number of individuals eaten of
the three prey species (T2 (F) = 16.7, df = 2,
P<0.05); whereas A. inaequivalvis was consumed more
than the other two prey species (P<0.05), no signifi-
cant differences in consumption rates between
T. philippinarum and M. galloprovincialis (P>0.05)
were found.

Prey biomass and consumption rates

Significant (ANOVA, P<0.05; R2 > 90%) linear rela-
tionships were found between log10 wet weight (g) and
log10 shell length (mm) for the three bivalve prey species
(Table 1); the equations were utilised to infer, from the
number of prey consumed and their dimensions, bio-
mass (grams of wet weight) consumed in each experi-
mental cage. The average wet weight consumption rate
(± standard deviation) per cage was: A. inaequivalvis:
21.3±8.7 g, T. philippinarum: 5.1±2.5, M. galloprovin-
cialis: 28.9 ± 25.1 g. Friedman test confirmed significant
differences between the biomass consumed of the three
prey species (i.e. grams wet weight consumed per spe-
cies) (T2 (F) = 3.8, df = 2, P < 0.05); while T. phil-
ippinarum was less consumed than the other two prey
species (P<0.05), no significant difference in biomass
consumption was found between M. galloprovincialis
and A. inaequivalvis (P>0.05). Dividing the average
biomass consumed during the experimental period by
the duration of the experiment (44 days) we obtained
mean values of daily feeding rates for each prey species.

A Rapana specimen of 104.5±9.9 average shell length
(wet weight = 70.8±24.3 g) ate daily � 0.5 g wwt. d�1

A. inaequivalvis, � 0.1 g wwt. d�1 T. philippinarum, �
0.6 g wwt. d�1 M. galloprovincialis; the total daily food
requirement being � 1.2 g wwt. d�1.

Prey size selection

Results showed a clear preference for smaller size (SC1:
15–30 mm SL) clams (A. inaequivalvis, T. philippinarum);
Two-way ANOVA confirmed significant differences be-
tween the number of the two size classes (SC1; SC2) of
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Fig. 2 Total number of bivalves eaten at each control day in the eight experimental cages
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prey eaten in all replicates (cages) (Table 2). As far as
mussels (M. galloprovincialis) are concerned, the figure
was less clear, due to the large variability of values
amongst replicates (ANOVA showed significant differ-
ences between replicates).

Discussion and conclusion

In the Northern Adriatic Sea, R. venosa feeding rates
were consistent with results of previous investigations in
Chesapeake Bay (Savini et al. 2002); regardless prey
species, the estimated average food requirement for an
individual of 10 –14 cm shell length was 1.2 (Northern
Adriatic) to 1.5 (Chesapeake) g wwt. day�1.

Results of the experiment confirmed the hypothesis
that R. venosa behaves as a ‘‘pursuer’’ also in the
Northern Adriatic sea, where a clear preference for the
invasive Indo-Pacific species A. inaequivalvis was shown.
Moreover, a size selective predation towards small size
prey was observed. Food preference could be explained
by adopting a foraging behaviour which maximise the
net rate of energy intake (Hughes 1980), i.e. choosing a
prey which can be handled and consumed faster than
other prey species. Although R. venosa presents the
typical anatomical characters of a shell boring gastro-
pod, such as the presence of an Accessory Boring Organ
(ABO) (Carriker 1981), drilling behaviour has been
observed only in the early life stage (Kingsley-Smith
et al. 2003). Adult whelks hold their prey into the shell
aperture rasping the shell margins or suffocating the
bivalve, covering it with abundant mucus till it gasps
(Savini et al. 2002). The prolapse of the valves might be
facilitated by the presence of biotoxins in the mucus as

suggested by Cesari and Mizzan (1993) as the
hypobranchial gland of different muricid and thaidid
gastropods produces toxins (urocanilcoline, diihydrom-
urexine, and senecioilcoline) impairing neuro-muscular
transmission (Ghiretti and Cariello 1984). Biochemical
tests on R. venosa mucus would be important to
understand the gastropod foraging strategy and justify
the observed preferences, as a higher sensibility of a prey
species to toxins would minimise prey handling time,
maximizing energy profit.

In the ecological context of the study area, high
feeding rates on a non-indigenous bivalve species with
no commercial interest, such as A. inaequivalvis, could
have the positive effect of limiting the distribution of this
alien bivalve along the Northern Adriatic coasts. On the
other hand, a wide availability of this food resource
helps maintenance and further spreading of its predator
R. venosa. Anadara (Scapharca) inaequivalvis is present
along the Adriatic shores since 1969 (Ghisotti 1972). In a
few years, this species became dominant in the SFBC
biocoenosis (sensu Pérès and Picard 1964) outcompeting
the native bivalve Chamelea gallina and other native
(e.g. Tapes decussatus, Cerastoderma glaucum) and non
native (e.g. Tapes philippinarum) bivalves (Ghisotti and
Rinaldi 1976; Taviani et al. 1985).

Density of A. inaequivalvis at the study site was esti-
mated in about 600 ind.100 m�2 (the correspondent
density of R. venosa being of 4 ind. 100 m�2 (Savini et al.
2004). If every month and a half (44 days experimental
period) a gastropod eats on average 25 Anadara, the
bivalve population would be reduced by �17%: Feeding
rate (25) · Rapana density (4)/Anadara density (600) *
100 = % density reduction (16.7%).

Complex synergistic interactions between introduced
species and the recipient community usually occur, in
some cases accelerating impacts on native ecosystems,
the so-called invasional ‘meltdown’ process (Simberloff
and Von Holle 1999); in the case of R. venosa intro-
duction, selective predation on A. inaequivalvis might, at
the contrary, weaken the competitive pressure of this
alien on other local bivalve species. This could both
support the re-colonisation of the habitat by native
species, such as C. gallina, and help the diffusion of other
well established non-indigenous species, such as
T. philippinarum. These considerations are highly spec-
ulative but they could represent a basis for future
experimental investigations, such as the evaluation in
mesocosms (i.e. experimental ecosystems) of community
structural changes and biodiversity alteration occurring
in presence of the predatory gastropod; for the moment,

Table 1 Log10 wet weight (wwt, g)/log10 shell length (SL, mm) linear relationships for the three species of bivalve prey utilized in the
feeding experiments

A. inaequivalvis (N.50) M. galloprovincialis (N.50) T. philippinarum (N.50)

wwt/SL log wwt = �4.29+3.10 log SL log wwt = �5.00 + 3.21 log SL log wwt = �4.47 + 3.20 log SL

ANOVA R2 = 95.4%; F = 789.8 P<0.05 R2 = 97.3%; F = 1705.7 P<0.05 R2 = 97.1%; F = 1588.1 P<0.05

Significance of linear regressions has been tested by ANOVA: R2 = regression coefficient; F = ANOVA test; P = 95% confidence

Table 2 Prey size selection. N. eaten total number of prey eaten.
SC1 eaten number of small size class prey eaten. SC2 eaten number
of large size class prey eaten.

Species A. inaequivalvis T. philippinarum M. galloprovincialis

N. eaten 196 48 36
SC1 eaten 193 46 15
SC2 eaten 3 2 21
ANOVA
Size F = 48.3;

P<0.05*
F = 31.4;
P<0.05

F = 1.5;
P>0.05

Cage F = 1.1;
P>0.05

F = 1.4;
P>0.05

F=1.5;
P<0.05

Two-ways ANOVA results, with asterisk indicating significant
differences amongst cages and prey dimensions (size)
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there are not enough available information to foresee the
effects of the removal of the competitive pressure of
A. ineaquivalvis on the structural complexity of the
infaunal community.

The lower consumption rates observed for T. phil-
ippinarum (6 ± 3 ind. in 44 days; average population
density=2,200±1,400 ind. 100 m�2), which constitutes
the most important bivalve fishery resource in the area,
reduce the concern about the potential economical
threat to bivalve fishery due to Rapana predation. Also,
M. galloprovincialis (consumption rates: 5±4 ind. in
44 days; average population density = 14,000 ± 5,000
ind. 100 m�2) do not seem in danger of depletion,
especially because they are locally harvested on sus-
pended ropes locally called ‘‘reste’’, which do not reach
the sea bottom, thus preventing the predatory gastropod
to reach them. Large natural mussel stocks are present
on the artificial rocky reefs of Cesenatico and are con-
sumed all year round by Rapana (author’s personal
observation), but this population is not commercially
exploited, since collection is forbidden due to the risk of
algal blooms and toxin infections (DSP, PSP) (Ade et al.
2003).

In summary, the experimental results obtained do not
support the hypothesis of an economical threat posed by
the gastropod in the study area, whereas a selective
predation towards another non-indigenous species
(A. inaequivalvis) might play an important role in regu-
lating the local introduced population of the bivalve and
altering the benthic community structure.

R. venosa has found optimal conditions for its
development along the Northern Adriatic coast, and
particularly in Emilia-Romagna, where an almost con-
tinuous belt (� 31 km) of rocky artificial reefs offers a
large area for reproduction (Savini and Occhipinti
Ambrogi 2004) and the surrounding sandy bottom
provides a vast quantity of food resources. Taking the
above into consideration, the area represents a breeding
ground for R. venosa in the Mediterranean Sea, thus it is
a relevant study place where further investigations aimed
at the understanding of the bioinvasion ecology of this
species should take place.
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