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Abstract 

We analysed the biodiversity of ascidians in two areas located in southern and northern Chile: Punta Arenas in the Strait of Magellan (53º 
latitude, subantarctic) and Coquimbo (29º latitude, temperate). The oceanographic features of the two zones are markedly different, with 
influence of the Humboldt Current in the north, and the Cape Horn Current System, together with freshwater influxes, in the Magellanic 
zone. Both regions were surveyed twice during 2013 by SCUBA diving and pulling ropes and aquaculture cages. Both artificial structures 
and natural communities were sampled. A total of 22 species were identified, three of them reported for the first time in Chilean waters: 
Lissoclinum perforatum, Synoicum georgianum, and Polyzoa minor. The first is an introduced species found here for the first time in the 
Pacific. No species occurred in both regions, highlighting the very different environmental conditions of subantarctic vs. temperate waters. In 
spite of exhaustive searches in aquaculture facilities and on artificial structures such as harbour docks and piers, no introduced species were 
found in the Punta Arenas area. Conversely, 5 out of 11 (45%) species found in northern Chile were introduced. The Coquimbo area has a 
history of ship traffic dating back at least 150 years, and cultures of native (e.g. scallop) as well as exotic species (e.g. abalone) have been 
deployed for ca. 35 years. Some of the introduced species, such as Ciona robusta (formerly C. intestinalis sp. A), constitute pests for scallop 
culture facilities in the area, causing serious losses to local farmers. It is surprising that the Punta Arenas zone, with a history of ship traffic 
dating back ca. 500 years and over 25 years of sustained mussel and salmon aquaculture activity, is apparently free from introduced species. 
The ascidian cover on artificial structures is high, but it is made up of native species such as Paramolgula sp., Cnemidocarpa verrucosa, or 
Polyzoa opuntia. It is hypothesized that cold waters (5 to 11ºC) are the determining factor hindering the development of introduced ascidians, 
which tend to be temperate-warm water species. The ongoing warming in the Southern Cone may change this picture and continued 
monitoring is strongly advised. 
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Introduction 

The Chilean coasts provide an ideal setting for 
the study of marine introductions, as the country 
spans a very wide range of latitude (ca. 36º), 
climatic regimes from subtropical to Antarctic, 
and markedly different current patterns (Thiel et 
al. 2007). Spalding et al. (2007) recognized two 
provinces in the littoral areas of Chile, the Warm 

Temperate Southeastern Pacific and the Magellanic 
provinces, separated at around 42º S. Other authors 
have advocated for a biogeographical division of 
the Southeastern Pacific into three units (Knox 
1960; Camus 2001), including a Peruvian Province 
(2–30ºS) of warm-temperate biota, an Intermediate 
Area (30–42ºS), and a Magellanic Province (42–56º) 
of temperate-subantarctic biota. The break between 
the  first  two  zones  is  marked  by temperature, 
hydrology  and  geographical  features (reviewed 
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Figure 1. Map of the coast of Chile 
with indication of the sampling 
localities at the two areas surveyed. 
Locality codes as in supplementary 
Table S1. The main oceanic features: 
west wind drift (WWD), Cape Horn 
Current (CHC) and Humboldt 
Current (HC) are indicated. 

 
in Camus 2001). The break between the last two 
regions, at around 42ºS, is widely recognized as 
the steepest transition in the area (Lancellotti and 
Vasquez 2000; Camus 2001; Thiel et al. 2007; 
Palma et al. 2014) and coincides with the 
presence of fjords, massive freshwater inputs and, 
particularly, the west wind divergence (WWD) 
area, in which the main current splits into two 
branches running north and south due to the 
approach to the continent. In very general terms, 
this generates two main ocean currents, to the 
north the Humboldt Current (HC) and flowing 

southwards the Cape Horn Current (CHC) (Figure 
1). For a detailed review of the current systems 
in the Chilean shores see Shaffer et al. (1999) 
and Thiel et al. (2007). In addition, the Strait of 
Magellan region has historically been the connection 
hub between the Atlantic and the Pacific oceans 
(particularly before the opening of the Panama 
canal). The Magellanic area has thus supported 
intense ship traffic for over 500 years (Martinic 
1977). Aquaculture activities, on the other hand, 
are well developed all along the Chilean coast 
(Thiel et al. 2007). 
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Biological invasions in marine systems are 
usually associated with shipping, artificial canals, 
or aquaculture activities. The first includes 
translocation of organisms in ballast water or as 
ship fouling, and the artificial canals opened for 
navigation created new direct connections between 
seas and oceans (Carlton and Geller 1993; 
Gollasch et al 2000; Lambert 2002; Zenetos et 
al. 2012). Introductions related to aquaculture 
include translocation of both target species and 
accompanying epibiota that hitchhike the stocks 
(Naylor et al. 2001; Minchin 2007). It is therefore 
expected that Chilean waters should have a heavy 
payload of introduced species, potentially impacting 
natural communities and interfering with economic 
activities. A recent review lists 32 introduced 
marine species in Chile (Castilla et al. 2005). 

Ascidians constitute a prominent group among 
marine introduced taxa (Lambert 2007; Locke 
and Hanson 2011). Introduced ascidians often thrive 
on artificial substrates (e.g. López-Legentil et al. 
2015; Airoldi et al. 2015) and are a cause of 
concern in shellfish aquaculture industry around 
the world (e.g. Bourque et al. 2007; Gittenberger 
2009; Adams et al. 2011; Arens et al. 2011, 
Fitridge et al. 2012). Ascidians are an ideal group 
for the study of introduction processes (Zhan et 
al. 2015), because they have a limited natural 
dispersal capability (Svane and Young 1989; Rius 
et al. 2010), making them reliant on human transport 
for long-distance dispersal. In addition, recurrent 
introductions seem common in ascidians and 
increase the probability of long-term establishment 
in a new area (e.g. Dupont et al. 2010; Pineda et 
al. 2011; Rius et al. 2012, 2015). 

In this study we surveyed the biodiversity of 
ascidians in two areas located in southern and 
northern Chile: Punta Arenas in the Strait of 
Magellan (52–53º latitude) and Coquimbo (29–
30º latitude, at the southern limit of the Peruvian 
Province). Our study therefore includes warm-
temperate and cold subantarctic zones, with a large 
latitudinal gap (over 22º) between the two study 
areas. The record of human activities in these 
areas is also different: the Magellanic region has 
a history of ship traffic dating back ca. 500 years, 
and over 25 years of sustained mussel/salmon 
aquaculture activity. These aquaculture activities, 
however, are concentrated in less saline waters 
(<25 psu) in the Patagonian fjords area, at some 
distance from Punta Arenas, which hosts important 
ports. The Coquimbo area has a record of ship 
traffic dating back at least 150 years, but with 
shipping levels about one third those of Punta 

Arenas and adjacent ports (Keller et al. 2010). 
On the other hand, in the Coquimbo area cultures 
of local (e.g. scallop) as well as exotic (e.g. abalone, 
Pacific oyster) species have been deployed for 
ca. 35 years (Di Salvo et al. 1984; Thiel et al. 2007).  

We concentrated our sampling effort in 
artificial structures and aquaculture settings to 
specifically look for introduced ascidians, but 
also included natural communities for comparison. 
Previous ascidian surveys in Chile have mostly 
focused on natural assemblages (e.g., Sanamyan 
and Schories 2003; Lagger et al. 2009; Sanamyan 
et al. 2010; Tatián and Lagger 2010). We foresaw 
a highly divergent composition of the natural 
ascidian fauna, given the latitudinal (and hence 
climatic) differences. We also expected a heavy 
load of introduced species in both areas, probably 
more related to shipping in the Magellanic region, 
and to bivalve aquaculture in the Coquimbo area. 

Methods 

Most of the sampling was done in September and 
November-December of 2013. Localities around 
Punta Arenas and Coquimbo (Figure 1, supple-
mentary Table S1) were surveyed. At each site, 
we sampled artificial substrates (docks, pilings, 
aquaculture facilities) by SCUBA-diving or by 
pulling ropes and aquaculture cages. For compa-
rison, we also sampled natural communities on 
rocky bottom habitats down to 12 m by SCUBA-
diving. Sampling was exhaustive, i.e., it was 
continued until no further species could be detected; 
typically surveys lasted ca. 1 hr. Two samples 
collected in 2012 by M. Valdebenito and available 
at the collection of the Universidad Católica del 
Norte at Coquimbo were also included from 
deeper waters (ca. 100 m, Table S1). 

Ascidians were photographed in vivo, collected, 
and brought to the laboratory as soon as possible 
(within 2 hrs after collection). They were relaxed 
with menthol and cold treatment (placing them in 
a freezer until ice started forming in the surface 
of the containers). Ascidians were identified to 
species level using the relevant literature. Taxo-
nomy followed the Ascidiacea World Database 
(Shenkar et al. 2015). We assigned each species 
a native, introduced or cryptogenic status (Carlton 
1996, 2009) following the distributional and 
historical information available in the literature. 

The specimens preserved were deposited in the 
Systematic Room of Instituto de la Patagonia, 
Universidad de Magallanes, Punta Arenas, Chile 
(SRIP-UMAG, Codes 900174 to 900183). 
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Figure 2. Some of the 
species identified at the 
Magellanic zone (left), and 
at the temperate zone (right). 
A, Distaplia colligans;        
B, Polyzoa opuntia (stalked 
form); C, Ciona robusta 
(formerly C. intestinalis sp 
A) (on scallop culture gear); 
D, Asterocarpa humilis (on 
top of Pyura chilensis). 

 
Results 

We identified a total of 22 species belonging to 8 
families. It is noteworthy that no species was 
found in both regions surveyed, each having 
exactly one half (11) of the species identified. A 
detailed list of species found at each locality is 
given in supplementary Table S1. Lissoclinum 
perforatum (Giard, 1872) is recorded for the first 
time in the Pacific, and Polyzoa minor Monniot, 
1970 is found for the first time outside its type 
locality in S. Indian Ocean. Synoicum georgianum 
Sluiter, 1932 had been previously found only in 
localities of the South Indian and Southwestern 
Atlantic oceans. An unidentified Polyzoa sp. 
(probably a new species) was found in the 
Coquimbo area. The species that we identified as 
Paramolgula sp. has been referred to in previous 
works as P. gregaria (Lesson, 1830) (e.g., Tatián 
and Lagger 2010), a taxon that likely lumps 
several species (Van Name 1945) and requires 
clarification. Full taxonomic details and discussion 
will be published elsewhere. Some representative 
species from both areas are illustrated in Figure 2. 

In the Magellanic region, most species (8) 
were found exclusively on artificial substrates 
(including cultured bivalves), and two were 
observed only on natural substrates (Table 1). 
Didemnum studeri Hartmeyer, 1911 was the only 

species present in both types of communities. In 
the Coquimbo area, the distribution was more 
even, with four species exclusive to natural 
substrate, three on artificial substrate, and four 
species [Diplosoma listerianum (Milne Edwards, 
1841), Ciona robusta Hoshino and Tokioka, 1967, 
Corella eumyota Traustedt, 1882, and Pyura 
chilensis Molina, 1872] present on both (Table 1). 

Most species could be assigned either a native 
or introduced status based on available distributional 
data. Only Polyzoa minor, with two widely 
separated geographical records, and Polyzoa sp. 
were left as cryptogenic. As for the introduced 
ascidians, Asterocarpa humilis (Heller, 1878), a 
southern Hemisphere species recently expanded 
into the northern Hemisphere (Bishop et al. 2013), 
is here regarded as introduced in Chile following 
Clarke and Castilla (2000). Botryllus schlosseri 
(Pallas, 1776) is widespread in warm and temperate 
areas in both hemispheres (Locke 2009) and is 
likely of Northwest Atlantic origin (Yund et al. 
2015, but see López-Legentil et al. 2006 and 
Lejeusne et al. 2011). Our specimens of the genus 
Ciona were genetically and morphologically 
(following Sato et al. 2012) attributable to the 
so-called Ciona intestinalis (Linnaeus, 1767) 
Clade A or sp. A (Caputi et al. 2007; Zhan et al. 
2010), the most invasive clade of this species 
complex,  whose  correct name has been recently 
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Table 1. List of the species identified in this study, with information on their status (native, introduced, cryptogenic), type of substrate 
(A, artificial; N, natural), and region where it has been found. 

  Species Status Substrate Region 

Aplousobranchia Lahille, 1886         
Didemnidae Giard, 1872 Didemnum studeri Hartmeyer, 1911 Native A,N Magellanic 
  Diplosoma listerianum (Milne Edwards, 1841) Introduced A,N Temperate 
  Lissoclinum perforatum (Giard, 1872) Introduced A Temperate 
  Polysyncraton trivolutum (Millar, 1960) Native N Magellanic 
Holozoidae Berrill, 1950 Distaplia colligans Sluiter, 1932 Native N Magellanic 
Polyclinidae Milne Edwards, 1841 Aplidium fuegiense (Cunningham, 1871) Native A Magellanic 

  Aplidium peruvianum Sanamyan and Schories, 2004 Native N Temperate 
  Aplidium variabile (Herdman, 1866) Native A Magellanic 
  Synoicum georgianum Sluiter, 1932 Native A Magellanic 
Phlebobranchia Lahille, 1886         
Cionidae Lahille, 1887 Ciona robusta Hoshino and Tokioka, 1967 Introduced A,N Temperate 
Corellidae Lahille, 1888 Corella eumyota Traustedt, 1882 Native A,N Temperate 
Stolidobranchia Lahille, 1887         
Styelidae Sluiter, 1895 Asterocarpa humilis (Heller, 1878) Introduced A Temperate 
  Botryllus schlosseri (Pallas, 1766) Introduced A Temperate 
  Cnemidocarpa verrucosa (Lesson, 1830) Native A Magellanic 
  Polyzoa opuntia Lesson, 1830 Native A Magellanic 
  Polyzoa minor Monniot, 1970 Cryptogenic N Temperate 
  Polyzoa sp Cryptogenic N Temperate 
  Styela changa Monniot and Andrade, 1983 Native N Temperate 
  Styela paessleri (Michaelsen, 1898) Native A Magellanic 
Pyuridae Hartmeyer, 1908 Pyura chilensis Molina, 1872 Native A,N Temperate 
  Pyura legumen (Lesson, 1830) Native A Magellanic 
Molgulidae Lacaze-Duthiers, 1877 Paramolgula sp. Native A Magellanic 

 
established to be Ciona robusta (Brunetti et al. 
2015; Pennati et al. 2015). Likewise, Diplosoma 
listerianum comprises different species, present 
in all seas except Antarctica (Locke 2009) and 
our specimens were genetically attributed to 
Clade A described by Pérez-Portela et al. (2013), 
the most widespread by human activities. Pérez-
Portela et al. (2013) were the first to report the 
species in Chile in the Coquimbo area, and it was 
later found in the Patagonian Fjords zone 
(Schories et al. 2015). Lissoclinum perforatum is 
a European species that has expanded its 
distribution into the Azores (Monniot 1974), the 
Caribbean (Monniot 1983), and the Brazilian coast 
(Rocha et al. 2005; Rocha and Bonnet 2009; 
Dias et al. 2013). It is here signalled for the first 
time in the Pacific Ocean. The remaining species 
were classified as native because they have been 
described on natural substrates in the general 
areas studied and/or have a known non-disjunct 
distribution that includes the zones here analysed. 
In the case of Corella eumyota, recent revisions 
of this taxon, widespread in antarctic and sub-
antarctic regions (and now introduced in European 
waters, Lambert 2004), have revealed the existence 
of several species (Alurralde et al. 2013; Monniot 
2013). The Chilean populations, however, retain 

the original name of Corella eumyota, a species 
described from Chile (Valparaíso) and thus 
considered here as native. 

The distribution of native and introduced 
species in the two areas studied showed markedly 
contrasting trends. No introduced species were 
identified in the Magellanic localities, while 5 
out of 11 species were introduced in the area 
surveyed in northern Chile.  

Discussion 

Two main results stem from our study: first, the 
differentiation between the ascidian faunas of the 
two regions surveyed; second, an apparent absence 
of introduced species in the Punta Arenas zone, as 
opposed to almost 50% of introduced species in 
northern Chile (Coquimbo). A very recent review 
of antarctic and southeastern Pacific ascidians 
(Schories et al. 2015) places the number of 
species reported from Chilean waters (including 
Juan Fernández and Desventuradas Islands) up to 
78. In our study we identified 22 species in a 
spatially restricted sampling (2 zones). We 
increase the known ascidian fauna of Chile by 
three species: Lissoclinum perforatum, Synoicum 
georgianum, and Polyzoa minor, the former 
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being introduced and found for the first time in 
the Pacific Ocean. 

In their comprehensive review, Monniot and 
Monniot (1983) already noted that the ascidian 
faunas of the antarctic and subantarctic regions 
were completely different from those found 
northwards in all continents. In their review of 
the distribution of ascidians from southeastern 
Pacific, Schories et al. (2015) also distinguished 
on the Chilean coasts a northern zone with 
southern limit at 30º (equivalent to the Peruvian 
Province), a transition zone (30–40º) and a southern 
(Magellanic) zone southwards. Sixty-seven species 
were reported for the southern zone, 19 for the 
transition zone, and 19 from the northern zone. 
However, the number of species found only in a 
given area was 50 for the southern zone, 3 for 
the transition zone, and 5 for the northern zone, 
highlighting the isolation of the southern ascidian 
fauna. In a study on natural substrates near Punta 
Arenas, Sanamyan and Schories (2003) reported 
9 species, all with antarctic and subantarctic 
distributional range. Five of these species have 
been sampled in our work [Aplidium fuegiense 
(Cunningham, 1871), Aplidium variabile (Herdman, 
1866), Didemnum studeri, Distaplia colligans 
Sluiter, 1932, and Pyura legumen (Lesson, 1830)]. 
The first four species are also included in the list 
of 12 species reported recently in the northern 
limit of the Magellanic region (Chiloé area, 
Lagger et al. 2009), while two species found 
bythese authors, Corella eumyota and Pyura 
chilensis, were present in our samples from 
Coquimbo. The Chiloé area, at about 42ºS, has 
therefore some transitional characteristics between 
the ascidian fauna of the two regions here 
analysed. Three of the species found in Punta 
Arenas (Didemnum studeri, Aplidium fuegiense, 
Polyzoa opuntia Lesson, 1830) extended northwards 
up to the northern Chilean coast (Sanamyan et al. 
2010, Schories et al 2015). Conversely, there is 
only one report in the Punta Arenas area of one 
species found here in Coquimbo, an old report by 
Traustedt (1885) of Ciona intestinalis (now C. 
robusta) in the Strait of Magellan. However, this 
report is highly dubious (Monniot and Monniot 
1983), and the species is likely to be Ciona 
antarctica Hartmeyer, 1911. No specimen of C. 
robusta was found in spite of intense sampling of 
harbors and piers and there is no basis in our 
view to sustain the presence of this species in the 
Magellanic region at present. 

Temperature, a major driver of ascidian 
distribution (Lambert 2005), is markedly different 
between the two regions here surveyed, with a 

yearly mean of ca. 6.6°C (range 5° to 11°C) in 
the Punta Arenas zone (Antezana 1999), and ca. 
15.5°C (range 12° to 22°C) in the Coquimbo area 
(Thiel et al. 2007). This is probably the main factor 
determining differences in faunal components. In 
addition, the fjord areas of the northern Magellanic 
region, with influxes from freshwater and 
associated salinity changes (Antezana 1999; Iriarte 
et al. 2010), are also likely to act as barriers and 
prevent the spread of species. In general, ascidians 
are not able to withstand salinities below 20–25‰ 
(reviewed in Lambert 2005). Upwelling events, 
particularly if they bring to the surface layer 
waters depleted in oxygen (Thiel et al. 2007), 
can further impede the stepping-stone exchange of 
species among areas. 

Castilla et al. (2005) noted that the number of 
non-indigenous species reported for Chilean waters 
(32 species) is noticeably lower than that of 
other geographic areas such as North America 
and New Zealand. One potential explanation lies 
in the scarcity of studies of artificial substrates 
such as those occurring in ports and harbours 
where introduced species are more abundant. 
Four ascidian species are listed in Castilla’s 
report: Pyura praeputialis (Heller, 1878), Ciona 
intestinalis (now C. robusta), Asterocarpa humilis 
and Molgula ficus (Macdonald, 1859), while 
Botryllus schlosseri is listed as likely introduced. 
Diplosoma listerianum (Pérez-Portela et al. 2013; 
Schories et al. 2015) and Lissoclinum perforatum 
(present work) should be added to this list, 
totalling 7 introduced ascidian species reported 
for Chile. Of these, Pyura praeputialis and Ciona 
robusta are worth noting. The first one forms 
dense carpets in the lower intertidal and is able 
to completely modify the landscapes, thus acting 
as a bioengineer species (Castilla et al. 2004) 
fostering increased biodiversity. However, it is 
only found in Antofagasta Bay and adjacent 
waters, some 700 km north of Coquimbo (Castilla 
et al. 2002). Ciona robusta, on the other hand, 
causes serious damage and important economic 
losses to cultures of the scallop Argopecten purpu-
ratus (Lamarck, 1819) (Uribe and Etchepare 2002) 
and is expanding its range in northern-central 
Chile (Madariaga et al. 2014). Almanza et al. (2012) 
reported recruitment of Ciona robusta on top of 
the giant kelp Macrocystis pyrifera (Linnaeus) 
C.Agardh, 1820, and we have found some of the 
introduced ascidians (Ciona robusta and Diplosoma 
listerianum) inhabiting natural substrates, which 
points to a worrisome ability for dispersal outside 
man-made, artificial environments and highlights 
the need for continued monitoring efforts. A 



Native and exotic ascidians in Chile 

83 

genetic assessment of introduced species is also 
necessary to elucidate the fitness of these popu-
lations, the propagule pressure, the existence of 
recurrent introductions, and other parameters of 
interest for their management (Rius et al. 2015).  

The absence of introduced species in a zone 
with heavy maritime traffic such as Punta Arenas 
is remarkable. Active harbours in the area, such 
as Muelle Prat or Cabo Negro docks (Keller et 
al. 2010), sustain a dense fouling of ascidians, 
much as other harbours worldwide, but in this 
case this fauna is not made up of the usual 
introduced species, but instead is composed of 
native forms [mainly Polyzoa opuntia, Didemnum 
studeri, Paramolgula sp., and Cnemidocarpa 
verrucosa (Lesson, 1830)]. The cause for such 
absence can only be speculated upon, but low 
temperatures may impede the proliferation of non-
indigenous ascidians in the Magellanic region. 
Introduced ascidians are usually tropical or 
temperate. Shenkar and Swalla (2011) list 64 
documented global non-indigenous species of 
ascidians, of which 14 are restricted to tropical 
environments and 50 are from temperate or 
temperate-cold regions. Rius et al. (2014) showed 
how the expansion of some introduced ascidians 
correlated with their developmental thermal 
tolerances in another system with a marked 
temperature gradient due to currents (South 
African shores). Colder waters in the Chilean 
Patagonia can explain why introduced species 
that have been able to proliferate in Patagonian 
waters of the Atlantic shelf (Orensanz et al. 
2002) are not found in Chile, with differences in 
sea water temperature for the same latitude range 
of 3–6ºC between the Pacific and the Atlantic, 
due to currents and upwellings (Castilla et al. 
2005). Some introduced ascidians, such as 
Ascidiella aspersa (Müller, 1776) and Styela clava 
Herdman, 1881, are already present in Argentinian 
Patagonia (Tatián et al. 2010; Pereyra et al. 2015) 
but have not been found in Chile. It is probable 
that extreme temperature events, rather than 
mean thermal values over the year, are limiting 
the success of introduced ascidians in the 
Magellanic region. A possible exception is 
Asterocarpa humilis, which we could not detect 
in our samples from the Magellanic zone, but 
that has been reported from Ushuaia (Schwindt 
et al. 2014, under the name Cnemidocarpa 
robinsoni Hartmeyer, 1916) and deserves close 
monitoring at the Magellan strait. Of course, other 
parameters besides temperature (salinity, oxygen 
levels, phytoplankton abundances) may be relevant, 
and further experimental work is required to 

assess the factor or combination of factors that so 
far has hampered the establishment of introduced 
ascidians in the southern Magellanic area. 

The apparent scarcity of introduced species in 
the Chilean southernmost areas is likely to be a 
labile one, as a rise in temperature can make 
extensive areas habitable by species that nowadays 
cannot withstand low temperatures. Rius et al. 
(2014) have reported ongoing range expansions 
of non-indigenous ascidians in South Africa 
linked to climate change. El Niño (ENSO) events 
have been reported to foster southward expansion 
of some non-indigenous species in Chile (Castilla 
et al. 2005). Chilean Patagonia encompasses one of 
the major fjord systems in the world and five 
large Ice Fields, providing one of the world’s 
largest freshwater reservoirs. This region is 
sustaining in recent years intense anthropogenic 
pressures linked to commercial projects in 
hydroelectricity, tourism, and salmon and bivalve 
culture (Pantoja et al. 2011). The downside of 
increased anthropogenic presence and economic 
activities lies in the threats these developments 
pose to the natural communities (Iriarte et al. 
2010). The southwest Atlantic is already impacted 
north of central Patagonia (Orensanz et al. 2002), 
and populations of important introduced species 
seem to be expanding at a fast rate. The situation 
in southwest Atlantic calls for caution when 
considering the future of the Chilean southern 
shores. A sustained monitoring effort in different 
latitudinal zones of Chile is necessary for early 
detection of new arrivals or significant range 
expansions of introduced species and for the 
implementation of contingency plans. 

Acknowledgements 

We acknowledge “Empresa Nacional del Petróleo”, ENAP, for 
granting access to its docks in Cabo Negro, and Marcelina Novoa 
for sharing samples from Bahía Tongoy. This research was 
funded by CONICYT Chile (Grant 80122006). Additional 
funding was obtained by XT from the Spanish Government 
(project CHALLENGEN CTM2013-48163) and by JIC from 
University of Magallanes - UMAG/DI&P Grant PR-F2-01CRN-
12, CIMAR 18 & CIMAR 20 Fjords Chilean Navy, and GAIA-
Antarctic Project (MINEDUC-UMAG). RMR received a research 
grant from CNPq–National Counsel of Technological and 
Scientific Development (304768/2010-3). The authors thank the 
Institute of Patagonia for the lodging of the samples in its 
collection. 

References 

Adams CM, Shumway SE, Whitlach RB, Getchis T (2011) 
Biofouling in marine molluscan shellfish aquaculture: a 
survey assessing the business and economic implications of 
mitigation. Journal of the World Aquaculture Society 42: 
242–252, http://dx.doi.org/10.1111/j.1749-7345.2011.00460.x 



X. Turon et al. 

84 

Airoldi L, Turon X, Perkol-Finkel S, Rius M (2015) Corridors for 
aliens but not for natives: effects of marine urban sprawl at a 
regional scale. Diversity and Distributions 21: 755–768, 
http://dx.doi.org/10.1111/ddi.12301 

Almanza V, Buschmann AH, Hernández-González MC, 
Henríquez LA (2012) Can giant kelp (Macrocystis pyrifera) 
forests enhance invertebrate recruitment in southern Chile? 
Marine Biology Research 8: 855–864, http://dx.doi.org/10. 
1080/17451000.2012.692159 

Alurralde G, Torre L, Schwindt E, Castilla JC, Tatián M (2013) A 
re-evaluation of morphological characters of the invasive 
ascidian Corella eumyota reveals two different species at the 
tip of South America and in the South Shetland Islands, 
Antarctica. Polar Biology 36: 957–968, http://dx.doi.org/10.10 
07/s00300-013-1319-3 

Antezana T (1999) Hydrographic features of Magellan and 
Fueguian inland passages and adjacent subantartic waters. 
Scientia Marina 63: 23–34 

Arens CJ, Paetzold SC, Ramsay A, Davidson J (2011) Pressurized 
seawater as an antifouling treatment against the colonial 
tunicates Botrylloides violaceus and Botryllus schlosseri in 
mussel aquaculture. Aquatic Invasions 6: 465–476, 
http://dx.doi.org/10.3391/ai.2011.6.4.12 

Bishop JDD, Roby C, Yunnie ALE, Wood CA, Lévêque L, Turon 
X, Viard F (2013) The Southern Hemisphere ascidian 
Asterocarpa humilis is unrecognized but widely established 
in NW France and Great Britain. Biological Invasions 15: 
253–260, http://dx.doi.org/10.1007/s10530-012-0286-x 

Bourque D, Davidson J, MacNair NG, Arsenault G, LeBlanc AR, 
Landry T, Miron G (2007) Reproduction and early life 
history of an invasive ascidian Styela clava Herdman in 
Prince Edward Island, Canada. Journal of Experimental 
Marine Biology and Ecology 342: 78–84, http://dx.doi.org/10. 
1016/j.jembe.2006.10.017 

Brunetti R, Gissi C, Pennati R, Caicci F, Gasparini F, Manni L 
(2015) Morphological evidence that the molecularly 
determined Ciona intestinalis type A and type B are different 
species: Ciona robusta and Ciona intestinalis. Journal of 
Zoological Systematics and Evolutionary Research 53: 186–
193, http://dx.doi.org/10.1111/jzs.12101 

Camus PA (2001) Biogeografía marina de Chile continental. 
Revista Chilena de Historia Natural 74: 587–617, 
http://dx.doi.org/10.4067/S0716-078X2001000300008 

Caputi L, Andreakis N, Mastrototaro F, Cirino P, Vassillo M, 
Sordino P (2007) Cryptic speciation in a model invertebrate 
chordate. Proceedings of the National Academy of Sciences 
of the USA 104: 9364–9369, http://dx.doi.org/10.1073/pnas.06 
10158104 

Carlton JT (1996) Biological invasions and cryptogenic species. 
Ecology 77: 1653–1655, http://dx.doi.org/10.2307/2265767 

Carlton JT (2009) Deep Invasion Ecology and the Assembly of 
Communities in Historical Time. In: Rilov G, Crooks JA 
(eds), Biological Invasions in Marine Ecosystems. Springer-
Verlag, Berlin, Heidelberg, Germany, pp 13–56 

Carlton JT, Geller JB (1993) Ecological roulette: the global 
transport of nonindigenous marine organisms. Science 261: 
78–82, http://dx.doi.org/10.1126/science.261.5117.78 

Castilla JC, Collins AG, Myer CP, Guíñez R, Lindberg DR 
(2002) Recent introduction of the dominant tunicate, Pyura 
praeputialis (Urochordata, Pyuridae) to Antofagasta, Chile. 
Molecular Ecology 11: 1579–1584, http://dx.doi.org/10.1046/ 
j.1365-294X.2002.01524.x 

Castilla JC, Lagos NA, Cerda M (2004) Marine ecosystem 
engineering by the alien ascidian Pyura praeputialis on a 
mid-intertidal rocky shore. Marine Ecology Progress Series 
268: 119–130, http://dx.doi.org/10.3354/meps268119 

Castilla JC, Uribe M, Bahamonde N, Clarke M, Desqueyroux-
Faúndez R, Kong I, Moyano H, Rozbaczylo N, Santelices B, 
Valdovinos C, Zavala P (2005) Down under the southeastern 

Pacific: marine non-indigenous species in Chile. Biological 
Invasions 7:213–232, http://dx.doi.org/10.1007/s10530-004-0198-5 

Clarke M, Castilla JC (2000) Dos nuevos registros de ascidias 
(Tunicata: Ascidiacea) para la costa continental de Chile. 
Revista Chilena de Historia Natural 73: 503–510, 
http://dx.doi.org/10.4067/S0716-078X2000000300014 

Di Salvo LH, Alarcón E, Martínez E, Uribe E (1984) Progress in 
mass culture of Chlamys (Argopecten) purpurata Lamarck 
(1819) with notes on its natural history. Revista Chilena de 
Historia Natural 57: 35–45 

Dias GM, Rocha RM, Lotufo TMC, Kremer LP (2013) Fifty 
years of ascidian biodiversity research in Sao Sebastiao, 
Brazil. Journal of the Marine Biological Association of the 
United Kingdom 93: 273–282, http://dx.doi.org/10.1017/S00253 
1541200063X 

Dupont L, Viard F, Davis MH, Nishikawa T, Bishop JDD (2010) 
Pathways of spread of the introduced ascidian Styela clava 
(Tunicata) in Northern Europe, as revealed by microsatellite 
markers. Biological Invasions 12: 2707–2721, http://dx.doi.org/ 
10.1007/s10530-009-9676-0 

Fitridge I, Dempster T, Guenther J, de Nys R (2012) The impact 
and control of biofouling in marine aquaculture: a review. 
Biofouling 28: 649–669, http://dx.doi.org/10.1080/08927014.2012. 
700478 

Gittenberger A (2009) Invasive tunicates on Zeeland and Prince 
Edward Island mussels, and management practices in The 
Netherlands. Aquatic Invasions 4: 279–281, http://dx.doi.org/ 
10.3391/ai.2009.4.1.28 

Gollasch S, Lenz J, Dammer M, Andres HG (2000) Survival of 
tropical ballast water organisms during a cruise from the 
Indian Ocean to the North Sea. Journal of Plankton Research 
22: 923–937, http://dx.doi.org/10.1093/plankt/22.5.923 

Iriarte JL, González HE, Nahuelhual L (2010) Patagonian fjord 
ecosystems in southern Chile as a highly vulnerable region: 
problems and needs. AMBIO: A Journal of the Human 
Environment 39: 463–466, http://dx.doi.org/10.1007/s13280-010-
0049-9 

Keller RP, Drake JM, Drew MB, Lodge DM (2010) Linking 
environmental conditions and ship movements to estimate 
species transport across the global shipping network. 
Diversity and Distributions 17: 93–102, http://dx.doi.org/10.11 
11/j.1472-4642.2010.00696.x 

Knox GA (1960) Littoral ecology and biogeography of the 
southern oceans. Proceedings of the Royal Society of London, 
Series B, Biological Sciences 152: 577–624, http://dx.doi.org/ 
10.1098/rspb.1960.0068 

Lagger C, Häussermann V, Försterra G, Tatián M (2009) 
Ascidians from the southern Chilean Comau Fjord. Spixiana 
32: 173–185 

Lambert G (2002) Nonindigenous ascidians in tropical waters. 
Pacific Science 56: 291–298, http://dx.doi.org/10.1353/psc.20 
02.0026 

Lambert G (2004) The south temperate and antarctic ascidian 
Corella eumyota reported in two harbours in north-western 
France. Journal of the Marine Biological Association of the 
United Kingdom 84: 239–241, http://dx.doi.org/10.1017/S0025 
315404009105h 

Lambert G (2005) Ecology and natural history of the 
protochordates. Canadian Journal of Zoology 83: 34–50, 
http://dx.doi.org/10.1139/z04-156 

Lambert G (2007) Invasive sea squirts: a growing global problem. 
Journal of Experimental Marine Biology and Ecology 342: 
3–4, http://dx.doi.org/10.1016/j.jembe.2006.10.009 

Lancellotti DA, Vasquez JA (2000) Zoogeography of benthic 
macroinvertebrates of the Chilean coast: contribution for 
marine conservation. Revista Chilena de Historia Natural 73: 
99–129, http://dx.doi.org/10.4067/S0716-078X2000000100011 

Lejeusne C, Bock DG, Therriault TW, MacIsaac HJ, Cristescu 
ME (2011) Comparative phylogeography of two colonial 
ascidians reveals contrasting invasion histories in North 



Native and exotic ascidians in Chile 

85 

America. Biological Invasions 13: 635–650, http://dx.doi.org/ 
10.1007/s10530-010-9854-0 

Locke A (2009) A screening procedure for potential tunicate 
invaders of Atlantic Canada. Aquatic Invasions 4: 71–79, 
http://dx.doi.org/10.3391/ai.2009.4.1.7 

Locke A, Hanson JM (2011) Trends in invasive ascidians 
research: a view from the 3rd International Invasive Sea 
Squirt Conference. Aquatic Invasions 6: 367–370, 
http://dx.doi.org/10.3391/ai.2011.6.4.01 

López-Legentil S, Turon X, Planes S (2006) Genetic structure of 
the star sea squirt, Botryllus schlosseri, introduced in S 
European harbours. Molecular Ecology 15: 3957–3967, 
http://dx.doi.org/10.1111/j.1365-294X.2006.03087.x 

López-Legentil S, Legentil ML, Erwin PM, Turon X (2015) 
Harbor networks as introduction patchworks: contrasting 
distribution patterns of native and introduced ascidians. 
Biological Invasions 17: 1623–1638, http://dx.doi.org/10.1007/ 
s10530-014-0821-z 

Madariaga DJ, Rivadeneira MM, Tala F, Thiel M (2014) 
Environmental tolerance of the two invasive species Ciona 
intestinalis and Codium fragile: their invasive potential along 
a temperate coast. Biological Invasions 16: 2507–2527, 
http://dx.doi.org/10.1007/s10530-014-0680-7 

Martinic M (1977) Historia del Estrecho de Magallanes. Editorial 
Andrés Bello, Chile, 261 pp 

Minchin D (2007) Aquaculture and transport in a changing 
environment: Overlap and links in the spread of alien biota. 
Marine Pollution Bulletin 55: 302–313, http://dx.doi.org/10.10 
16/j.marpolbul.2006.11.017 

Monniot C, Monniot F (1983) Ascidies antarctiques et 
subantarctiques: morphologie et biogéographie. Mémoires du 
Muséum National d'Histoire Naturelle, Paris, sér A, Zoologie 
125: 1–180 

Monniot F (1974) Ascidies littorales et bathyales récoltées au 
cours de la champagne Biaçores: Aplousobranches. Bulletin 
du Muséum National d’Histoire Naturelle, Paris, 3e sér 251: 
1287–1325 

Monniot F (1983) Ascidies littorales de Guadaloupe. I. Didem-
nidae. Bulletin du Muséum National d’Histoire Naturelle, 
Paris, 4e Ser 5: 5–49 

Monniot F (2013) The genus Corella (Ascidiacea, 
Phlebobranchia, Corellidae) in the Southern Hemisphere with 
description of a new species. Zootaxa 3702: 135–149, 
http://dx.doi.org/10.11646/zootaxa.3702.2.3 

Naylor RL, Williams SL, Strong DR (2001) Aquaculture – A 
gateway for exotic species. Science 294: 1655–1656, 
http://dx.doi.org/10.1126/science.1064875 

Orensanz JM, Schwindt E, Pastorino G, Bortolus A, Casas G, 
Darrigran G, Elías R, López Gappa JJ, Obenat S, Pascual M, 
Penchaszadeh P, Piriz ML, Scarabino F, Spivak ED, 
Vallarino EA (2002) No longer the pristine confines of the 
world ocean: a survey of exotic marine species in the 
southwestern Atlantic. Biological Invasions 4: 115–143, 
http://dx.doi.org/10.1023/A:1020596916153 

Palma S, Retamal MC, Silva N, Silva C (2014) Horizontal and 
vertical distributions of siphonophores in relation to 
oceanographic conditions in Chilean Patagonian fjords. 
Scientia Marina 78: 339–351, http://dx.doi.org/10.3989/scimar. 
03966.04B 

Pantoja S, Iriarte JL, Daneri G (2011) Oceanography of the 
Chilean Patagonia. Continental Shelf Research 31: 149–153, 
http://dx.doi.org/10.1016/j.csr.2010.10.013 

Pennati R, Ficetola G F, Brunetti R, Caicci F, Gasparini F, 
Griggio F, Sato A, Stach T, Kaul-Strehlow S, Gissi C, Manni 
L (2015) Morphological differences between larvae of the 
Ciona intestinalis species complex: hints for a valid 
taxonomic definition of distinct species. PLoS ONE 10: 
e0122879, http://dx.doi.org/10.1371/journal.pone.0122879 

Pereyra PJ, Narvarte M, Tatián M, González R (2015) The 
simultaneous introduction of the tunicate Styela clava 

(Herdman, 1881) and the macroalga Undaria pinnatifida 
(Harvey) Suringar, 1873, in northern Patagonia. BioInvasions 
Records 4: 179–184, http://dx.doi.org/10.3391/bir.2015.4.3.04 

Pérez-Portela R, Arranz V, Rius M, Turon X (2013) Cryptic 
speciation or global spread? The case of a cosmopolitan 
marine invertebrate with limited dispersal capabilities. 
Scientific Reports 3: 3197, http://dx.doi.org/10.1038/srep03197 

Pineda MC, López-Legentil S, Turon X (2011) The whereabouts 
of an ancient wanderer: global phylogeography of the solitary 
ascidian Styela plicata. PLoS ONE 6: e25495, http://dx.doi.org/ 
10.1371/journal.pone.0025495 

Rius M, Turon X, Dias GM, Marshall DJ (2010) Propagule size 
effects across multiple life-history stages in a marine 
invertebrate. Functional Ecology 24: 685–693, http://dx.doi. 
org/10.1111/j.1365-2435.2009.01668.x 

Rius M, Turon X, Ordóñez V, Pascual M (2012) Tracking 
invasion histories in the sea: facing complex scenarios using 
multilocus data. PLoS ONE 7: e35815, http://dx.doi.org/10.13 
71/journal.pone.0035815 

Rius M, Clusella-Trullas S, McQuaid CD, Navarro RA, Griffiths 
CL, Matthee CA, von der Heyden S, Turon X (2014) Range 
expansions across ecoregions: interactions of climate change, 
physiology and genetic diversity. Global Ecology and 
Biogeography 23: 76–88, http://dx.doi.org/10.1111/geb.12105 

Rius M, Turon X, Bernardi G, Volckaert FAM, Viard F (2015) 
Marine invasion genetics: from spatio-temporal patterns to 
evolutionary outcomes. Biological Invasions 17: 869–888, 
http://dx.doi.org/10.1007/s10530-014-0792-0 

Rocha RM, Moreno TR, Metri R (2005) Ascidias (Tunicata, 
Ascidiacea) da Reserva Biológica Marinha do Arvoredo, 
Santa Catarina, Brasil. Revista Brasileira de Zoologia 22: 
461–476, http://dx.doi.org/10.1590/S0101-81752005000200024 

Rocha RM, Bonnet NYK (2009) Ascidias (Tunicata, Ascidiacea) 
introduzidas no Arquipélago de Alcatrazes, Sao Paulo. 
Iheringia, Sér. Zool., Porto Alegre 99: 27–35 

Sanamyan K, Schories D (2003) Ascidians from the Strait of 
Magellan. Aqua, Journal of Ichthiology and Aquatic Biology 
7: 89–96 

Sanamyan K, Schories D, Sanamyan N (2010) New records of 
aplousobranch ascidians from Central Chile. Zootaxa 2537: 
58–68 

Sato A, Satoh N, Bishop JDD (2012) Field identification of 'types' 
A and B of the ascidian Ciona intestinalis in a region of 
sympatry. Marine Biology 159: 1611–1619, http://dx.doi.org/ 
10.1007/s00227-012-1898-5 

Schories D, Sanamyan K, Sanamyan N, Díaz MJ, Garrido I, 
Heran T, Holtheuer J, Kohlberg G (2015) Geographic ranges 
of ascidians from Antarctica and the southeastern Pacific. 
Advances in Polar Science 26: 8–23 

Schwindt E, Gappa JL, Raffo MP, Tatián M, Bortolus A, 
Orensanz JM, Alonso G, Diez ME, Doti B, Genzano G, 
Lagger C, Lovrich G, Piriz ML, Mendez MM, Savoya V, 
Sueiro MC (2014) Marine fouling invasions in ports of 
Patagonia (Argentina) with implication for legislation and 
monitoring programs. Marine Environmental Research 99: 
60–68, http://dx.doi.org/10.1016/j.marenvres.2014.06.006 

Shaffer G, Hormázabal S, Pizarro O, Salinas S (1999) Seasonal 
and interannual variability of currents and temperature off 
central Chile. Journal of Geophysical Research-Oceans 104: 
29951–29961 

Shenkar N, Gittenberger A, Lambert G, Rius M, Moreira Da 
Rocha R, Swalla BJ, Turon X (2015) Ascidiacea World 
Database. World Register of Marine Species, http://www.mari 
nespecies.org/aphia.php?p=taxdetails&id=252811 (Accessed 3 
April 2015) 

Shenkar N, Swalla BJ (2011) Global biodiversity of Ascidiacea. 
PLoS ONE 6: e20657, http://dx.doi.org/10.1371/journal.pone. 

0020657 



X. Turon et al. 

86 

Spalding MD, Fox HE, Allen GR, Davidson N, Ferdaña ZA, 
Finlayson M, Halpern BS, Jorge MA, Lombana A, Lourie 
SA, Martin KD, McManus E, Molnar J, Recchia CA, 
Robertson J (2007) Marine ecoregions of the world: a 
bioregionalization of coastal and shelf seas. BioScience 57: 
573–583, http://dx.doi.org/10.1641/B570707 

Svane I, Young CM (1989) The ecology and behaviour of 
ascidian larvae. Oceanography and Marine Biology: an 
Annual Review 27: 45–90 

Tatián M, Lagger C (2010) Ascidiacea – Ascidians. In: 
Häussermann V, Försterra G (eds), Marine Benthic Fauna of 
Chilean Patagonia. Nature in Focus, Chile, pp 884–906 

Tatián M, Schwindt E, Lagger C, Varela MM (2010) 
Colonization of Patagonian harbours (SW Atlantic) by an 
invasive sea squirt. Spixiana 33: 111–117 

Thiel M, Macaya EC, Acuña E, Arntz WE, Bastias H, Brokordt 
K, Camus PA, Castilla JC, Castro LR, Cortés M, Dumont CP, 
Escribano R, Fernández M, Gajardo JA, Gaymer CF, Gomez 
I, Gonzáles AE, González HE, Haye PA, Illanes JE, Iriarte 
JL, Lancellotti DA, Luna-Jorquera G, Luxoro C, Manriquez 
PH, Marín V, Muñoz P, Navarrete SA, Perez E, Poulin E, 
Sellanes J, Sepúlveda HH, Stotz W, Tala F, Thomas A, 
Vargas CA, Vasquez JA, Alonso Vega JM (2007) The 
Humboldt current system of northern and central Chile. 
Oceanographic processes, ecological interactions and socio-
economic feedback. Oceanography and Marine Biology: An 
Annual Review 45: 195–344, http://dx.doi.org/10.1201/978142005 
0943.ch6 

Traustedt MPA (1885) Ascidiae simplices fradet Stille Ocean. 
Vidensk Meddr Dansk Naturh Foren 1884: 1–160 

 

Uribe E, Etchepare I (2002) Effects of biofouling by Ciona 
intestinalis on suspended culture of Argopecten purpuratus in 
Bahía Inglesa, Chile. Bulletin of the Aquaculture Association 
Canada 102: 93–95 

Van Name WG (1945) The North and South American ascidians. 
Bulletin of the American Museum of Natural History 84: 1–
476 

Yund PO, Collins C, Johnson SL (2015) Evidence of a native 
Northwest Atlantic COI haplotype clade in the cryptogenic 
colonial ascidian Botryllus schlosseri. Biological Bulletin 
228: 201–216 

Zenetos A, Gofas S, Morri C, Ross A, Violanti D, García Raso 
JE, Çinar ME, Almogi-Labin A, Ates AS, Azzurro E, 
Ballesteros E, Bianchi CN, Bilecenoglu M, Gambi MC, 
GIangrande A, Gravili C, Hyams-Kaphzan, Karachle PK, 
Katsanevakis S, Lipej L, Mastrototaro F, Mineur F, Pancucci-
Papadopoulou MA, Ramos-Esplá AA, Salas C, San Martín 
G, Sfriso A, Stretfaris N, Verlaque M (2012) Alien species in 
the Mediterranean Sea by 2012. A contribution to the 
application of European Union's Marine Strategy Framework 
Directive (MSFD). Part 2. Introduction trends and pathways. 
Mediterranean Marine Science 13: 328–352, http://dx.doi.org/ 
10.12681/mms.327 

Zhan A, MacIsaac HJ, Cristescu ME (2010) Invasion genetics of 
the Ciona intestinalis species complex: from regional 
endemism to global homogeneity. Molecular Ecology 19: 
4678–4694, http://dx.doi.org/10.1111/j.1365-294X.2010.04837.x 

Zhan A, Briski E, Bock DG, Ghabooli S, MacIsaac HJ (2015) 
Ascidians as models for studying invasion success. Marine 
Biology 162: 2449–2470, http://dx.doi.org/10.1007/s00227-015-
2734-5 

 
 
 
Supplementary material 
 
The following supplementary material is available for this article: 

Table S1. The sampling localities, with species present, dates, depth, and coordinates. 

This material is available as part of online article from:  
http://www.reabic.net/journals/mbi/2016/Supplements/MBI_2016_Turon_etal_Supplement.xls 
 
 
 
 
 
 


