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Abstract
We confirm the presence of the Indo-West Pacific barnacle Amphibalanus amphitrite
(Darwin, 1854) in Chile, based on the discovery of a population in Tongoy estuary
in northern-central Chile, and following upon an obscure report of its presence in
Chile as of 1980 at unidentified sites.
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Introduction
The distinctive warm-water barnacle Amphibalanus amphitrite (Darwin,
1854), native to the Indo-West Pacific Ocean (Carlton et al. 2011) has been
spread around the world for centuries in ship biofouling. Ancient transport
is suggested by its presence in an archeological site of a single ship shed in
a Carthaginian naval base near Tunis, in the Mediterranean, dated to the
second century BC (Southward 2008; E. C. Southward in litt. to W.A.
Newman, August 2008). These historical specimens may represent hull
scrapings from vessels originating outside the Mediterranean, or a
transient introduction from the Indian Ocean. Regardless, reliable modern
records of A. amphitrite in the Mediterranean appear to date only from the
late 19th century (Innocenti 2006).
In the Eastern Pacific Ocean A. amphitrite was first collected in 1914 in
southern California, but (possibly due to a lack of collections, rather than
actual absence) was not collected to the south until the 1940s and later
(1946 Mexico, 1974 Panama, and 1999 Peru) (Carlton et al. 2011). In a
review of barnacle invasions of North and South America, Chile was
identified as the only South American country not known to support
introduced or cryptogenic barnacles (Castilla et al. 2005; Castilla and Neill
2009; Pitombo 2010; Carlton et al. 2011). Carlton et al. (2011) speculated
that “The arid environment of the Chilean coast may not facilitate
colonization by estuarine barnacles, reminiscent of the apparent inability
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Figure 1. Satellite image of Estero Tongoy, Coquimbo Region, Chile, showing the location of
the estuary mouth and mid-estuary Puente Estero Tongoy, and the intertidal barnacle species
occurring in each section. Insets: Amphibalanus amphitrite. Inset left: Opercular valves of 14.0 mm
(R/C diameter) specimen from intertidal rock: internal and external tergum (top left and right);
internal and external scutum (bottom left and right). Inset right: adult barnacle (17.8 mm R/C
diameter) from intertidal pilings. Map image from google.maps, downloaded October 2019.
Barnacle photographs by J.T. Carlton.

of the estuarine Amphibalanus improvisus to become established in the
arid estuaries of southern California”. Overlooked, however, was a cryptic
report by Viviani and DiSalvo (1980) of the presence in Chile of “Balanus
amphitrite” somewhere south of the Coquimbo region (“Balanus amphitrite
replaces Megabalanus psittacus in estuarine zones in the south”).
We report here the discovery of Amphibalanus amphitrite in an estuary
in northern-central Chile, providing both a known Chilean location and
confirming its presence south of Peru after a long hiatus.

Materials and methods
In October 2019 we visited Estero Tongoy (30°15′39.65″S, 71°28′54.45″W)
in the Coquimbo region of Elqui Province, 42 km south of La Serena
(Figure 1), specifically in search of barnacles. We found living Amphibalanus
amphitrite, of at least two age classes, in the brackish-water mid-section of
the estuary. A single specimen was found intertidally (October 4) on a rock
(Figure 2A) and multiple specimens were found (October 8) on pilings of
Puente Estero Tongoy (Figure 2B). The barnacles (Figure 1, insets) were
identified based upon well-established morphological criteria (Henry and
McLaughlin 1975) by one of us (JTC, who has been familiar with this species
since 1963).
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Figure 2. Amphibalanus amphitrite habitat in Estero Tongoy. Left: intertidal rocks on the downriver (ocean) side of Estero Tongoy.
Right: pilings at Puente Estero Tongoy looking toward the ocean. Photographs by J.T. Carlton.

Results
The rock-dwelling specimen was 14.0 mm in rostral-carinal (RC) diameter
and 6.9 mm in height; two specimens collected from the bridge pilings
were 23.0 mm and 12.4 mm, and 17.8 and 7.8 mm, RC diameter and
height, respectively. The latter two specimens supported colonies of the
bryozoan Conopeum sp. With A. amphitrite on the bridge pilings was the
native barnacle Notochthamalus scabrosus (Darwin, 1854). No other barnacle
species was found on rocks in the brackish region of Estero Tongoy. In
contrast, in the lower estuary at its ocean mouth, the native barnacle
Balanus laevis Bruguière, 1789 was abundant on intertidal rocks, while
N. scabrosus occurred on adjacent foot bridge pilings. No A. amphitrite
were found at the estuary mouth.
On October 8 on a rising tide at Puente Estero the surface salinity was
26.3 psu and the surface temperature was 20.4 °C. At the estuary mouth the
salinity was 34.8 psu and the temperature was 17.7 °C.
This medium-size (reaching 30 mm in basal diameter; Henry and
McLaughlin 1975), typically purple-striped barnacle is unlike any native
Chilean barnacle (Pitombo 2010). It is further readily distinguished from
the Indo-Pacific Amphibalanus reticulatus (Utinomi, 1967), which has also
been introduced to the Eastern Pacific from California to Panama (Carlton
et al. 2011), by its distinctive color and opercular valve morphology (Henry
and McLaughlin 1975; Chan et al. 2009).
The intertidal rock specimen has been deposited in 90% ethanol in the
Sala de Colecciones Biológicas of the Universidad Católica del Norte
(SCBUCN), Coquimbo, catalogue number 5511. The Puente Estuary
bridge specimens, in 90% ethanol, are in the research collections of JTC.

Discussion
Along with an earlier obscure report of Amphibalanus amphitrite from
southern Chile (Viviani and DiSalvo 1980), the presence of at least two size
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classes of Amphibalanus amphitrite on the pilings in Puente Estuary
suggest that the species is established in Chile. We do not yet know when
or from where A. amphitrite arrived in Chile; there are no previous
biofouling studies of Estero Tongoy known to us. However, Viviani and
DiSalvo (1980) noted that A. amphitrite was not found in 1977–1978 in
Bahia Herradura, adjacent to Estero Tongoy. Amphibalanus amphitrite
may represent either a range expansion from Peru or further north, an
expansion from the unspecified locations in southern Chile noted by
Viviani and DiSalvo, or a novel invasion to Chile from overseas. Carlton et
al. (2011) predicted that A. amphitrite was a candidate species for range
expansion with climate warming, which prediction might favor the first of
these scenarios. That said, we note that ocean-going vessels from Asia have
long arrived to load iron ore and other products in the Coquimbo region.
Amphibalanus amphitrite is a common hull-fouling species on ships
worldwide, including those traversing, and departing from, Asia (Carlton
et al. 2011). Population genetic studies comparing potential Asian source
populations, Eastern Pacific populations from Peru and north, and Chilean
populations, would thus be of interest, and would further serve to
categorize the clade affiliation (Chen et al. 2014) of A. amphitrite in Chile.
Potential ecological consequences of A. amphitrite in Chile may depend
on the abundance it will achieve (or may have achieved already elsewhere
in other Chilean estuaries, where it may remain undetected) and the
habitats it may occupy (including natural substrata and biofouling
communities as observed here, as well as potentially in aquaculture facilities).
While an often common to abundant member of fouling and rock
communities, where it may co-occur with other native or introduced
barnacles around the world (Carlton et al. 2011), there has been little
experimental work on the species to elucidate potential competitive
networks. Boudreaux et al. (2009), working in Florida, found that both the
introduced A. amphitrite and the native A. eburneus, combined, reduced
oyster recruitment, but that there was no species-specific effect of the
former − rather, an increase in barnacle numbers of both species resulted
in “spatial competition between recruiting oysters and barnacles”.
Future barnacle invasions in Chile may include additional estuarine
species, including the Indo-West Pacific tropical and subtropical
Amphibalanus reticulatus and the Northwest Atlantic temperate to tropical
species Amphibalanus eburneus (Gould, 1841), Amphibalanus improvisus
(Darwin, 1854) and Amphibalanus subalbidus (Henry, 1974), appropriate
habitats for which are available in Chile and all four of which have invaded
other regions in the Eastern Pacific Ocean (Carlton et al. 2011). Given that
the presence of A. amphitrite may have been overlooked for the past 40
years in Chile, it is further possible that one or more of these species are
already present. Amphibalanus improvisus is present to the immediate
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north in Peru and Ecuador (Carlton et al. 2011) and A. eburneus is present
in Ecuador as well (JTC, unpublished observations).
A potential candidate for invasion of Chilean rocky shores is the
Northeast Pacific barnacle Balanus glandula Darwin, 1854, which appeared
in Argentina in the 1970s—where it has become a predominant member of
rocky intertidal communities (Schwindt 2007)—and which continues to
expand world-wide (Kerckhof et al. 2018). Carlton et al. (2011) suggested that
“... the high diversity shores of Chile may present a strongly competitive
environment for more stenohaline species of barnacles”. In Chile, these
potential native competitors include the balanids Notobalanus flosculus
(Darwin, 1854), Balanus laevis Bruguière, 1789, and Austromegabalanus
psittacus (Molina, 1788) and the chthamalids Notochthamalus scabrosus
(Darwin, 1854) and Jehlius cirratus (Darwin, 1854).
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