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Abstract Here we report the first observations of the

rapa whelk Rapana venosa massively bio-fouling

immature green turtles Chelonia mydas. From

November 2004 to July 2011, we examined 33 green

turtles with rapa whelks attached to their carapaces in

Uruguayan waters. The number of attached rapa

whelks ranged from 1 to 49 individuals, representing

up to 20 % of turtle weight. This previously unre-

corded interaction may be of global importance to

green turtles conservation because (a) immature green

turtles from distant breeding populations utilize insu-

lar and coastal waters of the Rı́o de la Plata estuary and

Atlantic coast of Uruguay as developmental and

foraging habitats and (b) attached whelks may reduce

green turtle fitness by reducing buoyancy, increasing

drag, and causing severe injuries to the carapace.

Keywords Rapana venosa � Chelonia mydas �
Biofouling � Biological invasions � Uruguay

Introduction

The green turtle (Chelonia mydas) is an endangered

species (Seminoff 2004) distributed worldwide, inhab-

iting continental shelves, bays, lagoons, and estuaries

in the temperate, subtropical and tropical waters of the

Atlantic, Pacific, and Indian Oceans (Hirth 1997). In
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the Southwestern Atlantic (SWA) adult green turtles

nest in the oceanic islands of Trindade, Atol das

Rocas, and Fernando de Noronha, and less frequently

in the northern coast of Bahia, Brazil, while juvenile

green turtles occur in neritic waters along the continent

and oceanic islands (Marcovaldi and Marcovaldi

1999; Domingo et al. 2006).

In the Uruguayan coast, juveniles occur year

round along the saline gradient defined by the

confluence of freshwater discharge by the second

largest South American estuary, the Rı́o de la Plata

estuary, and oceanic water masses. Important for-

aging and development areas for immature green

turtles are located all along the coast, including

oceanic (e.g. Cerro Verde, Punta del Diablo and

Valizas-Cabo Polonio) and estuarine sites, e.g. Bajos

del Solı́s ((López-Mendilaharsu et al. 2003; López-

Mendilaharsu et al. 2006). Inmature green turtles

occurring along those areas recruit to adult popula-

tions nesting mainly in Ascension Island (UK) but

also in Trinidad (Brazil), Isla de Aves (Venezuela),

Surinam and Guinea Bissau, Africa (Caraccio 2008).

As such, ecological phenomena affecting green

turtles occurring in Uruguay can be of global

significance for green turtle conservation.

Rapana venosa (Valenciennes, 1846), a large,

predatory gastropod and one of the most conspicuous

invading mollusks, was introduced during the 90 s in

the Rı́o de la Plata Estuary (Scarabino et al. 1999;

Pastorino et al. 2000). This species has been shown to

be widespread in the area, reaching very high densities

all along the Rı́o de la Plata estuary, both in hard and

soft bottoms (Scarabino et al. 2006; Giberto et al.

2006; Lafranconi et al. 2009; Carranza et al. 2010),

and is a threat to native bivalves (e.g. the blue mussel

Mytilus edulis; Carranza et al. 2010; Scarabino et al.

1999). However, the rapa whelks also constitute an

important dietary item for immature loggerheads

(Caretta caretta) in the Rı́o de la Plata estuary

(Carranza et al. 2011). Recently, Harding et al.

(2011) reported the first record of R. venosa as an

epibiont of loggerheads in the South Atlantic Bight,

USA, suggesting that sea turtles can be potential

dispersal vectors. All this evidence reinforces the idea

that interactions amongst invading and native species

are often hard to predict (Walther et al. 2002).

To date, there are no reported interactions between

green turtles and the rapa whelk. Thus, the objectives

of this paper are to (1) report the first observations of

the rapa whelk bio-fouling immature green turtles

Chelonia mydas in Uruguayan waters and (2) test the

hypothesis that this interaction negatively affects the

fitness of green turtles.

Materials and methods

Bio-fouling of rapa whelks was examined opportu-

nistically from 33 green turtles captured or stranded in

the Uruguayan coast (Fig. 1) between November 2004

to July 2011. All turtles were measured in Curved

Carapace Length (CCL) and weighted to the nearest

0.5 kg. Initially, when present, 155 attached rapa

whelks (Fig. 2) were only removed and counted.

Later, systematically, 94 whelks were also weighed by

a local fisherman when a colonized turtle was captured

or found stranded. Using the mean individual weight

obtained from this sample, we estimated the expected

total weight of attached whelks in the remaining turtles

and calculated, in terms of percentage of turtle weight,

the extra load the whelk bio-fouling represented.

To test hypothesis (2), we used weight at CCL as a

proxy of turtle fitness. To this end, we performed an

ANCOVA to detect differences in green turtle weight

among bio-fouled and ‘‘clean’’ individuals using CCL

as a covariate, after checking ANCOVA assumptions.

As the ‘‘control’’ group, we used green turtles

(n = 98) from the same area that were measured and

weighted during Karumbé (an Uruguayan NGO

working in sea turtles conservation) usual monitoring

activities. In addition, for colonized turtles, a regres-

sion analysis was made between number of whelks

and the ratio between individual weight: CCL, the

latter used as a proxy of turtle condition.

Results

Thirty-three turtles were found with attached whelks

from November 2004 to July 2011; 17 (52 %) were

found stranded and 16 (48 %) were incidentally

captured. Six turtles (18 %) were found dead and 27

(82 %) were still alive when measured, most of them

with severe injuries on their carapaces caused by these

gastropods. Bio-fouled green turtles averaged

42.02 cm of CCL, ranging from 34 to 62 cm. Attached

rapa whelks ranged from 1 to 49 individuals, averag-

ing 8 ± 9.91 (SD) individuals per turtle. Mean size of
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rapa whelks was 70.59 ± 5.95 mm, weighing in

average 80.21 (± 24.01) g. According to our results,

attached rapa whelks may represent up to 20 % of a

turtle’s weight. Neither green turtles’ CCL (p = 0.93)

nor weight (p = 0.12) were correlated with the

number of attached whelks. Surprisingly, we were

unable to detect a negative effect of bio-fouling on

turtle fitness, using length at weight as a proxy. In fact,

colonized turtles showed on average a higher weight

when compared with ‘‘clean’’ turtles collected in the

same area and time period (ANCOVA; F(1, 125) =

10.791, p = 0.001). Within colonized turtles, the

regression analysis evidenced a positive correlation

(r2 = 0.16, p = 0.03) between both variables, indi-

cating that number of whelks is associated with turtles

condition (i.e. weight at size).

Discussion

To our knowledge, this is the first report of the rapa

whelk Rapana venosa bio-fouling green turtles Che-

lonia mydas worldwide, and certainly the first record

for the South Western Atlantic. Muricid gastropods

reported so far as epibionts of sea turtles, loggerheads

in particular, are species native to the southeastern US

(Stramonita haemastoma flooridana Conrad [South-

ern Oyster Drill] and Chicoreus pomum Gmelin

[Apple Murex]; Harding et al. 2011). Although many

of the epibiotic species that occur on loggerheads are

obligate commensals (Frick et al. 2010) this is not the

case for green turtles. Most if not all epibionts also

occurs in natural hard substrata, and their occurrence

on green turtles appears to be largely incidental.

Fig. 1 Map of the Rı́o de la Plata estuary, indicating main

locations of collection of green turtles with attached rapa whelks

1: San José de Carrasco; 2: Arroyo Pando; 3: La Floresta—San

Luı́s; 4: Araminda—Isla de La Tuna; 5: Bajos del Solı́s; 6: Playa

Verde—Piriápolis; 7: Punta del Este. Known records of Rapana
venosa are also indicated (green circles), as well as a coarse

characterization of sediment type. (Color figure online)
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The study site is one of a few places along the

Uruguayan coast where there is a spatial coexistence

between green turtles experiencing brumation (dor-

mancy in reptiles, similar to hibernation) and rapa

whelks. The presence of rapa whelks on green turtles

occurs often in winter months, and is presumably

related to the brumation behavior of the turtle (Ogren

and Mc Vea 1982). It seems likely that the slow-

moving snails can only climb on turtle’s carapaces

when they are resting in the seabed in rocky areas that

are interspersed with soft bottoms in the study site.

This might be related with reported habitat preferences

shifts during the whelk0s ontogeny, with smaller

whelks occupying hard substrates as epifauna

(Harding 2003), and larger whelks spending some

portion of their lives as infauna burrowed in sand or

mud substrata (Bombace et al. 1994; Harding and

Mann 1999). Accordingly, mean size and the shape of

size frequency distributions indicate that whelks found

on green turtles are smaller in shell length than those

occupying other natural substrata in neighboring areas

(Carranza, unpublished).

The finding of 49 rapa whelks attached to one of the

turtles’ carapace, as well as the high numbers observed

(mean ± SD = 8 ± 9.9), suggests a non-random

association. This is also supported by the observations

of carapace scars produced by the whelks. Thus, we

hypothesize that (a) the turtle’s carapace is interpreted

as hard substrata and/or (b) rapa whelks are attracted

by turtles, or they are feeding on the epibionts living

on the turtle’s carapace (B. Morton pers. com.).

Finally, the intriguing result of higher fitness of bio-

fouled green turtles (measured as weight at length),

when compared with ‘‘clean’’ turtles occurring in the

same area, may be related to a better physiological

condition of the former, since these turtles had already

foraged in the area during summer. In contrast, the

observed lower fitness of ‘‘clean’’ turtles may reflect

the energetic costs associated to recent long-distance

migration from Brazilian waters. This previously

unrecorded interaction may be of global importance

to green turtles conservation because immature indi-

viduals from distant breeding populations utilize

insular and coastal waters of the Rı́o de la Plata

estuary and Atlantic coast of Uruguay as develop-

mental and foraging habitats. Future work needs to

examine if whelks influence green turtle fitness and if

green turtles are a dispersal vector for the rapa whelks.

This includes determining if: (1) whelks attached to

green turtles influence their buoyancy and increase

Fig. 2 Stranded green turtle with attached rapa whelks in Playa Verde, Maldonado, Uruguay. (Color figure online)

C. Lezama et al.

123

Author's personal copy



drag, (2) the extent and nature of damage to carapaces

and (3) if green turtles can remove whelks and/or

quantifying the amount of time whelks remain on the

turtles.

Acknowledgments We would like to thanks to Coco Meirana

and Alfredo Hargain for their kind collaboration with the

collection of turtles. B. Morton is acknowledged for providing

insights on the causes of this interaction, as well as the editors

and two anonymous referees that helped to improve the

manuscript. Financial support from BP Conservation

Programme and IFAW to Karumbé members and Agencia
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y desarrollo de Uruguay. Tesis de Maestrı́a del Programa

de Desarrollo de las Ciencias Básicas (PEDECIBA), Área

Biologı́a- Subárea Genética. Facultad de Ciencias, Uni-

versidad de la República, p 101

Carranza A, de Mello C, Ligrone A et al (2010) Observations on

the invading gastropod Rapana venosa in Punta del Este,

Maldonado Bay, Uruguay. Biol Invasions 12:995–998

Carranza A, Scarabino F, Estrades A et al (2011) Loggerhead

turtles Caretta caretta (Linnaeus) preying on the invading

gastropod Rapana venosa (Valenciennes) in the Rı́o de la

Plata Estuary. Mar Ecol 32:142–147

Domingo A, Bugoni L, Prosdocimi L et al (2006) The impact

generated by fisheries on Sea Turtles in the Southwestern

Atlantic. Technical Report WWF Progama Marino para
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