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ABSTRACT Recent range extensions of the invasive rapa whelk Rapana venosa, biological data of the population and possible
ecological impacts on the food webs of the Río de la Plata estuary are presented. A total of 41 rapa whelks and 21 egg capsules were
collected between February 2004 and March 2006. Specimens were found all over the mixohaline waters of the estuary, with records
off Montevideo, Samborombón Bay and off Punta Rasa. Specimens ranged between 28 and 120 mm shell length. Almost all R. venosa
presented epibionts all over the shell, suggesting an exposed lifestyle. Egg-masses were attached to specimens of R. venosa, debris and
plastic garbage. The spatial distribution of R. venosa within the estuary was coupled with the spatial distribution of Mactra isabelleana,
a typical subtidal bivalve of mixohaline waters. The implications for the food webs of the estuary, including possible predators, are
discussed. The presence of R. venosa in muddy sediments together with the finding of egg-capsules over the specimens, and the low
salinity values at which it is found in the Río de la Plata estuary, confirmed the high plasticity of R. venosa and the potential capability
of successfully invading novel environments.

KEY WORDS: exotic species, invasion, Rapana venosa, Muricidae, Rapa whelk, Mactra isabelleana, Ostrea puelchana, food webs,
Río de la Plata, Southwestern Atlantic

INTRODUCTION

The large Asian gastropod Rapana venosa Valenciennes 1846
(Neogastropoda, Muricidae) is a predatory mollusc native to the
Sea of Japan, Yellow Sea, Bohai Sea and the East China Sea to
Taiwan (ICES, 2004). This species was discovered out of its native
biogeographic range in the Black Sea, and it has subsequently
spread throughout the Sea of Azov, and the Aegean, Adriatic and
North Seas (for complete lists of localities see ICES, 2004). The
first collection of R. venosa in North America was made in the
Chesapeake Bay on the East Coast of the United States in 1998
(Harding & Mann 1999). The first report of rapa whelks in South
America was made by Scarabino et al. (1999) and Pastorino et al.
(2000) from collections in the Rio de la Plata estuary, Argentina-
Uruguay.

This generalist predator of subtidal mollusks usually feeds on
bivalves of economic interest like oysters, mussels and clams (Har-
ding & Mann 1999, Savini et al. 2004), and has been identified as
the prime reason for the collapse of several banks of mussels and
oysters in the Black Sea (Drapkin 1963, Zolotarev 1996). Adult
Rapana venosa are found in water temperatures between 4°C and
27°C (Chung et al. 1993) and salinities ranging from 28–33 in
Korean waters (Korea Oceanographic Data Center, http://
kodc2.nfrdi.re.kr:8001/home/eng/main/index.php). Furthermore,
in nonnative localities R. venosa is found in estuarine salinities
(Scarabino et al. 1999, Pastorino et al. 2000, Mann & Harding
2000, 2003; ICES 2004). Their high fecundity (Chung et al. 1993),
dispersal assisted by a planktonic larvae that is capable of remain-
ing planktonic between 14 and 80 days in estuarine and marine
waters (Mann & Harding 2003), and fast growth (Harding & Mann

2005) make R. venosa a potentially successful invader worldwide
(Savini et al. 2004).

A recent general review of exotic species in the Southwestern
Atlantic (34°S to 54°S) revealed that most of the exotic species of
the region are concentrated in Buenos Aires Province (northern
Argentina), where major commercial harbors are located (Oren-
sanz et al. 2002). At this region, the Río de la Plata (34° to
36°30�S, 55° to 58°30�W) forms one of the largest estuarine sys-
tems of South America (ca. 38,000 km2 of mixohaline area). This
river is one of the large waterways of South America. Two of the
major ports in the region, Buenos Aires (Argentina) and Monte-
video (Uruguay), lie along its shores generating an intense nautical
traffic. The estuary is also the maritime access to the highly com-
plex fluvial system named “Hidrovia,” communicating with the
Amazon Basin (Bisbal 1995, Mianzan et al. 2001).

Although it is known that ships are one of the main sources of
introduction of exotic species via fouling or ballast water, regula-
tions regarding the later in Argentina are not strictly enforced
(Orensanz et al. 2002). In agreement, this was the mechanism
suggested for the introduction of Rapana venosa in the Río de la
Plata estuary (Pastorino et al. 2000). Early collections of Rapana
venosa in the estuary corresponded to adult specimens found in the
Rouen and English Banks in May 1998, several egg masses along
the Uruguayan coast, between Montevideo and Punta del Este in
December 1998 to February 1999 (Scarabino et al. 1999), one
specimen (95 mm shell length) in November 1999 off Samborom-
bón Bay (Pastorino et al. 2000), another specimen (89 mm shell
length) collected in November 2001 off Montevideo (Rodrigues
Capitulo et al. 2002), and recently (spring 2002), several speci-
mens caught in a fisheries research survey along the outer part of
the estuary (Carranza et al. in press) (see Fig. 1). However, studies
about the potential extent of establishment of this gastropod over
time or possible ecological impacts on the food webs of the estuary*Corresponding author. E-mail: diegogiberto@inidep.edu.ar
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are lacking. Therefore, the main goals of this study are to provide
data describing the status of R. venosa in the Río de la Plata estuary
and discuss the potential ecological impact of this species in the
region.

MATERIALS AND METHODS

Study Area

The Río de la Plata estuary is an extensive and shallow coastal
plain estuary. It’s bottom shows a gentle slope with depths lesser
than 25 m (10 m mean depth). Fine sediments of fluvial origin
occupy most of the estuary, but the outer region is covered by
deposits of marine sands (Urien 1972). This estuary is character-
ized by a quasi-permanent salt wedge regimen. Fresher, and there-
fore lighter, water flows out of the estuary in the surface layer and
a deeper flow brings water from the sea into the estuary. Salinities
(hereafter salinity is reported following the Practical Salinity
Scale) at the bottom of the estuary range from 0 to >33 (Guerrero
et al. 1997). The estuary therefore becomes a typically two-layer
system characterized by strong vertical stratification, which gradu-
ally weakens seaward. The maximum upriver penetration of the
salt wedge is associated to a submersed bar across the river (Barra
del Indio shoal). A well-developed turbidity front characterizes the
innermost part of the estuary. This turbidity maximum is caused by
the flocculation of suspended matter at the tip of the salt wedge,
and resuspension of sediment caused by tidal stirring (Framiñan &
Brown 1996). A wind driven, two-way discharging pattern has

been described for the estuary (Guerrero et al. 1997). During
spring and summer months the river plume moves southward, to
the Argentine coast. During fall-winter, the plume manifest mostly
towards NNE, along the Uruguayan coast, and can be traced reach-
ing southern Brazil (Piola et al. 2000).

Benthic fauna is characterized by 2 major groups: a low diver-
sity estuarine assemblage (muddy bottoms, salinities between 0.5
and 33), dominated by infaunal bivalves and a marine assemblage
(sandy bottoms, salinities >33), with higher values of diversity and
the occurrence of oysters and mussels banks (Giberto et al. 2004,
Giberto & Bremec In prep.). Bottom type, salinity and the presence
of the turbidity front are considered the main physical variables in
structuring benthic communities of the Río de la Plata estuary
(Giberto et al. 2004).

Sampling and Data Analysis

Rapa whelks and environmental data came from stations
sampled during February 2004, December 2005, February and
March 2006, in routine fisheries research cruises carried out in the
Río de la Plata estuary and adjacent area by the R/V “Capitan
Cánepa” (INIDEP) (Table 1). Faunal samples were taken with a
bottom trawl designed to capture juvenile fishes (10-mm mesh
size). Collected specimens of Rapana venosa were frozen on board
and examined later at laboratory. For each specimen total weight
(shell + body wet weight) (TW), shell length (SL), aperture height
(AH), aperture width (AW) and shell thickness (ST) were mea-
sured, following Savini et al. (2004). Dimensions were taken using
a digital caliper (0.1 mm). The epibiotic invertebrates on the stud-
ied material were identified. The number of eggs and capsules of
the egg masses were counted and measured under binocular mi-
croscope. Fecundity was estimated as total number of eggs in total
eggs capsules (see Chung et al. 1993).

The allometric relationship between SL and TW was analyzed
with simple linear regression (Sokal & Rohlf 1999).

Oceanographic sampling was performed with a Sea Bird-19
CTD (Conductivity Temperature Depth profiler), at the beginning
of each sampling tow. Salinity is reported following the Practical
Salinity Scale. Sediment type was characterized using data avail-
able from the literature (Urien 1972) and from Giberto & Bremec
(In prep.).

To assess potential ecological impacts on the food webs of the
area, we analyzed the occurrence of typical subtidal bivalve spe-
cies, which reach high densities in estuarine and marine adjacent
waters (Mactra isabelleana, Ostrea puelchana and Mytilus edulis
platensis. In doing so, we used macrofauna data (1975–2005) com-
piled in Giberto & Bremec (2003, In prep.) and Giberto et al.
(2004).

RESULTS

A total of 41 rapa whelks and 21 egg capsules were collected
in summer research cruises between February 2004 and March

Figure 1. The Río de la Plata estuary and adjacent marine zones, with
indication of collection sites of Rapana venosa in 1998 (●) and 1999 (�)
(from Scarabino et al. 1999 and Pastorino et al. 2000), 2001 (●) (from
Rodrigues Capitulo et al. 2002) and 2002 (�) (from Carranza et al. in
press) (see text for details).

TABLE 1.

Summary of sampling data from the Rı́o de la Plata estuary.

Sampling Date Gear Depth (m) Salinity Temperature (°C) Sediment

February 2004 Bottom trawl 4–9 13.5–26.7 21.8–23.2 Mud
December 2005 Bottom trawl 8–11 14.8–30.8 17.5–20.4 Mud
Feb–March 2006 Bottom trawl 4–13 12.7–20.3 21.4–22.6 Mud–Sand
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2006 (Fig. 2 and Table 2). Rapana venosa was found all over the
mixohaline waters of the estuary, with constants records off Mon-
tevideo and in Samborombón Bay. In 2005 and 2006 R. venosa
was found in southern locations, at higher salinities off Punta Rasa
(see Fig. 2 and Table 2). Specimens ranged between 28 and 120
mm SL. SL-frequency and distribution of Rapana venosa in the
estuary for each cruise is shown in Figure 2. Total weight ranged
between 2.8 g and 351.5 g. Figure 3 shows the result of the re-
gression analysis between SL (independent variable) and TW (de-
pendent variable).

Rapa whelks were collected in shallow muddy (36 specimens)
and sandy (5 specimens) bottoms. The associated fauna in muddy
bottoms were the bivalve Mactra isabelleana (see Fig. 2d), the
shrimp Artemesia longinaris, the gastropods Buccinanops sp. and
Heleobia australis, the polychaete Alitta succinea and the cu-
macean Diastylis sp. In sandy bottoms R. venosa was found to-
gether with the oyster O. puelchana in three sampling stations (see
Fig. 2d for the distribution of possible preys).

Undetermined bryozoans (63%) and barnacles (Balanus sp.,
78%) were the most frequent epibionts colonizing all over the shell

of Rapana venosa (n � 36). Hydrozoan branches (30%) were also
found. Undetermined small sea anemones, undetermined chitons
and polychaete tubes (Serpulidae) were found occasionally. Five
rapa whelks lack epibionts completely. Polydora sp. (Polychaeta)
infestations were found in 6 specimens.

A total of 21 egg masses were found. Eight of them were
attached to debris and plastic garbage, whereas 13 were found
attached to larger whelks. Capsules (n � 30) per whole egg mass
varied between 108 and 700, and eggs per capsules varied from
434–890. Fecundity estimations were in the range 76,156–85,323
eggs per individual. The egg capsules contained shelled larvae
having the operculum and larval shell (∼0.4 × 0.3 mm). Larvae
with “coned” shells were found with a frequency of ∼10% (Fig. 4).
Egg capsules from December were pale black color (average of
717 eggs per capsule), whereas several capsules from February
were empty with the exit hole bored, or dead with a violet color
(average of 568 eggs per capsule), and capsules from March were
all empties. Collected capsules, including the curved tip, measured
18.5–29.5 mm in length, and 1.7–2.5 mm in width at the smaller
diameter at the base.

Figure 2. Shell length-frequency and distribution of Rapana venosa (�) in the study area during each cruise (a to c). Complete known range
distribution of R. venosa (�) and potential bivalve preys (banks of Mactra isabelleana, Ostrea puelchana and Mytilus edulis platensis) (d). PP,
Punta piedras; PR, Punta Rasa; PdE, Punta del Este.
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DISCUSSION

The rapa whelk Rapana venosa successfully spread over the
muddy bottoms of the estuary since their early records off Sam-
borombón Bay and along the Uruguayan coast (Pastorino et al.
2000, Scarabino et al. 1999, Rodrigues Capitulo et al. 2002). Their
range extension is now at Argentinean and Uruguayan coastal
lines. The finding of invasive marine species in coastal and estua-
rine waters is an already widespread phenomenon. The impacts of
such introductions are unpredictable, and not all of them become
a successful resident in the new environments. However, the pres-
ence of small specimens of rapa whelk (between 28 and 48 mm
SL), and egg capsules with operculated and shelled larvae, con-
firmed that the population of R. venosa is sexually mature and
actively breeding in the region, as was suggested in previous works
(Scarabino et al. 1999, Pastorino et al. 2000).

Biometric variables measured were in the range reported by
Savini et al. (2004) for the Northern Adriatic Sea for similar shell
length ranges. Besides their smaller size, the allometric growth of
the snails collected in this study presented similar slope values
than larger Adriatic species (3.21 and 3.37 for rock and sand
samples, Savini et al. 2004). The record of small specimens in
other localities where R. venosa was introduced is a rare event,
because most of the data usually come from commercial fisheries
that selectively catch larger snails (Harding & Mann 1999, ICES

2004) or because of possible distinct habitat preferences of juve-
niles (Savini et al. 2004). However, our data from the Río de la
Plata estuary do not show segregation by size classes.

Almost all Rapana venosa specimens presented epibionts all
over the shell, which suggests an exposed lifestyle. Similar results
were found by Savini et al. (2004) for specimens living on hard
rock. On the contrary, other studies under field and laboratory
conditions found that rapa whelks are nocturnal and remain bur-
rowed most of the day, avoiding settlement by epifaunal biota
(Harding & Mann 1999, 2005). Environmental conditions in the
Río de la Plata estuary may conduct to a different behavior. The
light penetration in mixohaline waters is really poor, with approxi-
mately 99% of the incident radiation lost at around 2 m depth
(Acha et al. submitted), and the sedimentation rate is high (Urien
1972), which means that adult rapa whelks may be exposed during
longer periods of time than in other habitats. It is also remarkable
that the organisms that encrust the shells of this gastropod are not
usually found in the muddy bottoms of the estuary (Giberto et al.
2004), with the exception of barnacles colonizing small specimens
of Mactra isabelleana (Giberto, pers. obs.). This reflects the lack
of hard bottoms in the estuary and the importance of R. venosa
shells as suitable settlement substrates for epibionts larvae. More-
over, R. venosa egg-masses were attached to debris and plastic
garbage, which are concentrated over the Barra del Indio shoal by
the frontal dynamics (Acha et al. 2003).

Habitat quality is very important for the successful colonization
of novel environments. Salinity ranges of the estuary are within the
limits at which the species has been found in other locations (ICES
2004), although in this area Rapana venosa was always found at
low salinity waters (see Table 1 and Carranza et al. in press).
Thermal seasonal range of the estuary (10°C to 23°C, Guerrero et
al. 1997) is in coincidence with breeding tolerances for R. venosa
(13°C to 26°C) recorded by Chung et al. (1993). These authors
also reported a 17-day incubation period at 18°C to 20°C in labo-
ratory conditions, with females laying egg-masses during all the
reproductive period in summer. Specimens of this estuary seem to
follow this pattern, because the egg-capsules found in November
contained embryos at a morula-gastrula stage (Pastorino et al.
2000), whereas the capsules found in this study (December-
February) were with normal and “coned” shelled larvae or empty.
“Coned” shells could be malformations leading to nonviable lar-
vae. Egg-masses were attached to specimens of R. venosa and
debris and plastic garbage, which seems to be an alternative re-
productive strategy to deal with the absence of any other primary
settlement substrate. These findings are in coincidence with data
from the outer estuary by Carranza et al. (in press), which also
found egg masses attached to plastic debris and garbage.

The spatial distribution of Rapana venosa within the estuary

Figure 3. Linear relationship (data log10 transformed) between shell
length (mm) (independent variable) and total weight (g) (dependent
variable) for samples of Rapana venosa collected in the Río de la Plata
estuary between 2004 and 2006. Equation and regression coefficient
(R2) are indicated. SL, shell length; TW, total weight

TABLE 2.

Collection of Rapana venosa and biometric variables in the Rı́o de la Plata estuary.

Sampling Date n
Shell Length

(mm)

Aperture
Height
(mm)

Aperture
Width
(mm)

Thickness
(mm)

February 2004 16 36.82–111.92 28.4–94.9 11.3–44.8 0.6–4.9
December 2005 13 68.8–106.8 56–89.2 24.3–41.7 1.6–3.3
Feb–March 2006 12 28.6–119.3 21.5–99.1 9.04–52.5 0.5–3.4
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was coupled with the spatial distribution of Mactra isabelleana.
This is in coincidence with the salinity range of 12–30 and the
presence of muddy bottoms at which M. isabelleana is usually
found at high densities (Giberto et al. 2004). It has been proposed
that the high abundances of this deposit-feeder bivalve are related
to the concentration of organic matter by frontal dynamics, and/or
to the retentive properties of the front that could maintain bivalve
larvae in this area (Mianzan et al. 2001, Giberto et al. 2004). At the
adjacent subtidal marine zones, R. venosa was found near oyster
(Ostrea puelchana) banks. The coexistence of R. venosa with these
bivalves led to conjecture that it is preying over M. isabelleana and
O. puelchana. Preliminary results on the trophic food webs in the
estuary, using stable �15N and �13C isotope signatures (Botto et al.
In prep.), supported this hypothesis: R. venosa (n � 4) showed
�15N isotopic values in an upper trophic level, over both bivalves
signals. Other potential preys could be the bivalves Erodona mac-
troides, Corbula patagonica and Nucula puelcha, which usually
inhabit the mixohaline environment (Giberto & Bremec 2003, in
prep., Giberto et al. 2004).

Regarding possible predators, it has been suggested that Calli-
nectes sapidus could be a control for R. venosa in the Chesapeake
Bay (Harding 2003), but Cesar et al. (2003) has shown that this
crab (which is another exotic species in this estuary) has a diet
mainly based on Limnoperna fortunei. This is an introduced bi-
valve typical of low salinity to freshwaters of the Río de la Plata.
Other possible natural controls are demersal fishes that prey on the
infauna. The whitemouth croaker, Micropogonias furnieri, is the
dominant species in terms of biomass and sustains the coastal and
artisanal fisheries in Argentina and Uruguay (Carozza et al. 2004).
M. furnieri usually preys on benthic infauna including soft-bodied
polychaetes and hard-bodied crustaceans, gastropods and bivalves

like M. isabelleana (Puig 1986, Giberto 2001, Giberto unpublished
data), using their pharyngeal teeth to crush the hard structures of
these invertebrates. Therefore, M. furnieri is potentially capable of
preying on R. venosa juveniles or at least on the egg-masses, the
later confirmed recently in diets studies of this croaker (Giberto,
unpublished data).

Considering the prolonged larval phase of R. venosa (up to 80
days), the lack of potential competitors in the estuary such as stable
populations of large gastropods (Giberto et al. 2004, Carranza et al.
in press, Giberto & Bremec In prep.), and the impact of the Río de
la Plata discharge along the Uruguayan and Argentine coasts, the
species capable of maintaining a source population in the estuary.
The vicinity of several other commercial harbors, in combination
with favorable oceanographic conditions and food availability
leads to the conclusion that viable populations of R. venosa are
potentially expected in surroundings areas in a short term. The
presence of R. venosa in muddy sediments together with the find-
ing of egg-capsules over the specimens, and the low salinity values
at which it is found in the Río de la Plata estuary, confirmed the
high plasticity of R. venosa and the potential capability of suc-
cessfully invading novel environments.
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