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Short Communication

First record of Cymatium keenae Beu, 1970 (Mollusca: Ranellidae) from Antofagasta Bay, northern Chile, in connection with El Niño events
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Abstract
Cymatium (Monoplex) keenae Beu, 1970, the neopolitan triton, is a Ranellidae predator distributed in tropical and subtropical waters. In this study we report this species for the first time in Antofagasta Bay, northern Chile. Adult specimens have been found since June 2003 at depths ranging from 5 to 15 m in La Rinconada Marine Reserve (23°28′18″S, 70°30′46″W) in Antofagasta Bay, near a scallop farming facility. The present findings clearly extend the geographic range of C. keenae, which previously had been reported from La Paz, Gulf of California (Mexico) to Galápagos Islands (Ecuador) in the SE Pacific. Previous evidence strongly suggests that the intrusion of this tropical immigrant can be related to warm El Niño episodes. We analyze the key role of the oceanographic characteristics of Antofagasta Bay as potential temporal refuge for this species.
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Introduction
The marine fauna of the Chilean coast is characterized by a complex interaction of tropical, subtropical and sub-Antarctic elements, a high level of endemism and a close association to climate and oceanographic features, notably sea surface temperature (Castilla 1979; Camus 2001). Particularly the northern and central Chilean coast (between 18° and 36°S) has been under the disturbing influence of the El Niño-Southern Oscillation (ENSO) since its mid-Holocene development (Moy et al. 2002). Indeed, ENSO now constitutes a critical component for defining the current biogeography of this area (Fernández et al. 2000; Camus 2001).
During warm episodes, warm water masses of low oxygen concentration from oceanic and equatorial regions enter the upwelling zones of Peru and Chile, bringing a variety of tropical immigrants (Arntz et al. 2006). These episodic incursions of tropical species during the warm El Niño (EN) phase of ENSO has been well described (e.g., Díaz and Ortlieb 1993; Paredes et al. 2004; Castilla et al. 2005) and seems to be a common characteristic of those regions in the past (De Vries 1987; Guzmán et al. 2001). However, little is known about how long these temporal invaders thrive after EN conditions and which environmental setting could allow those species to persist. In this study, we report the presence of the tropical gastropod Cymatiun (Monoplex) keenae Beu, 1970 for the first time for Chilean waters. We discuss the role of El Niño as the mechanism explaining the extension of its distributional range and the importance of the oceanographic characteristics of Antofagasta Bay as a refuge for this species under La Niña conditions.

Methods
Specimens of Cymatium
                        keenae were collected in February and November 2006 at La Rinconada Marine Reserve (23°28′18″S, 70°30′46″W), Bay of Antofagasta (Fig. 1). The samples were taken during SCUBA diving expeditions, at a depth ranging between 15 and 5 m near a scallop farming facility. Two divers covered about 600 m2 area during 2 h immersion each time. The collected specimens were brought to the laboratory and the shell length (SL: length from the apex to the end of the siphonal canal) was measured to the nearest 0.1 mm.
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Fig. 1Map of La Rinconada, in Antofagasta Bay in northern Chile. Upwelling centres in front of Punta Tetas and Punta Coloso are marked with grey shading. The left graph shows mean sea surface temperature (and standard errors) from 1997 to 2003 obtained from thermistors placed inside and around the bay (adapted from Piñones et al. 2007; Castilla et al. 2002)




                     
Local collections of shells in Antofagasta were checked to assess previous occurrences of this species. The taxonomic determination was confirmed by C. Paredes (Laboratorio de Biología y Sistemática de Invertebrados Marinos, Universidad Nacional Mayor de San Marcos, Lima, Perú).

Results and discussion
Cymatium keenae was found in a soft-bottom community dominated by the scallop Argopecten purpuratus, and the bivalves Transennella pannosa and Tagelus dombeii as well as predatory gastropods, such as the muricids Stramonita chocolata and Xanthochorus cassidiformis. Two adult specimens of C. keenae were found in February 2006: a live specimen (SL = 134.0 mm) and an empty shell (SL = 142.9 mm). A second live specimen was found in November 2006 (SL = 115.4 mm). One of the live specimens was extremely eroded on the dorsal surface and bore evidence of polychaete infestation, the second and third whorls were broken open and showed signs of internal repair (Fig. 2) while the other one did not show erosion evidence. Review of local collections rendered an additional adult shell (SL = 153 mm; Miguel Avendaño private collection, Universidad de Antofagasta). The specimen, without erosion evidence, was collected alive in June 2003 at the La Rinconada, and it was observed among three other adult specimens while performing an annual survey of the scallop bed (M. Avendaño, personal communication).
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Fig. 2Cymatium (Monoplex) keenae (SL = 134.0 mm) collected in Antofagasta Bay in November 2006. a Dorsal view showing erosion and polychaete infestation. bVentral view without shell damage




Species of Cymatium Röding, 1798 are widely distributed marine gastropods belonging to the family Ranellidae and inhabiting warm waters around the world (Skoglund 2002). This genus is known as a predator of wild and farmed bivalve species in a variety of tropical locations (Perron et al. 1985; Urban 2000; Freites et al. 2000). Formerly recognized as Cymatium (M.) parthenopeum keenae (Keen 1971), C. keenae has been recorded as living in warm-water environments in the tropical eastern Pacific with a southern limit in Galápagos at 1°S (Keen 1971; Skoglund 2002) although it has been occasionally found in Pucusana (12°28′S) and Paracas (13°50′S) at the Peruvian coast (Diaz and Ortlieb 1993). The present findings add an additional 10° of latitude (about 1,300 km coastal distance) to the occasional report of C. keenae from Pucusana, and 22° of latitude to the species previous southern limit at the Galápagos Islands.
The arrival of C. keenae in Peruvian waters was attributed to EN, as it was only observed after major EN episodes (Diaz and Ortlieb 1993). During these events, warm water masses from oceanic and equatorial regions enter the upwelling zones, thus transporting meroplanktonic larvae of tropical origin (Arntz et al. 2006). This is most likely the mechanism explaining the arrival of Cymatium keenae to Antofagasta Bay. This species has been shown to have the potential for long-distance trans-oceanic larval dispersal and the possibility to delay metamorphosis in order to facilitate long distance larval transport (Pechenik et al. 1984).
Although these are the first reported findings of this species at La Rinconada, adult C. keenae have been found since June 2003. This, and the fact that C. keenae is commonly known by local fishermen, who recognize it as “Caracol Perro”, indicate that at least some specimens are capable of long term persistence in this bay. Viable populations of the tropical gastropods Aplysia juliana and Linatella weigmanni have been established in Antofagasta Bay after their arrival during EN (Tomicic 1985; Guzmán et al. 1998; Castilla et al. 2005). The question remains if this is the case for C. keenae. So far only adult specimens have been found, which would suggest that a reproductive population has not yet formed.
Antofagasta Bay has been shown to play a critical geographical distribution “stepping stone” role for sub-tropical invaders into Chilean waters (Castilla et al. 2005). The oceanographic characteristics of this bay are unique, since it is one of the few bays in Chile facing southward. On the other hand, it is located between two active upwelling centres (Punta Tetas and Punta Coloso, Fig. 1). This creates an “upwelling-shadow” with an almost constant sea water temperature frontal oceanographic structure crossing the mouth. Thus, upwelled waters are retained inside the bay long enough for temperatures to be elevated by several degrees through surface heating. The bay therefore exhibits surface temperatures between 2° and 4° higher than surrounding waters, (Castilla et al. 2002; Piñones et al. 2007) allowing it to act as an isolated refuge for occasional arrivals from warmer waters.
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