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Massive proliferation of Grateloupia intestinalis (Hooker fil. et Harvey)
Setchell ex Parkinson (Rhodophyta, Halymeniaceae), a non-native
species in Valparaiso Bay, central Chile
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Resumen.- Se informa la proliferacién masiva de
Grateloupia intestinalis, una especie no reportada previamente
en la bahia de Valparaiso, Chile. Un total de 74 ejemplares
fueron recolectados al azar en el intermareal bajo de Playa
Cochoa (32°57°21,87'S-71°32°57,7""W) en octubre de 2006.
El material fue herborizado y se realizaron cortes histologicos
para su observacion con microscopia optica. Los especimenes
recolectados se caracterizan por un talo de color rojo vinoso,
linear, ligulado, con uno o dos apices, ligeramente gelatinoso
y ondulado. Los especimenes alcanzan aproximadamente 18
cm de largo y 1 cm de ancho. Los cortes transversales muestran
una corteza con tres a cuatro cubiertas de células elipticas entre

las cuales se presentaron tetrasporangios cruciados esparcidos.
La médula es laxa dejando en el centro un espacio lleno de
mucilago. No se observaron plantas cistocarpicas. En la costa
de Chile central no ha sido registrada otra proliferacion de G.
intestinalis como la observada en Playa Cochoa. Aunque se
habia encontrado en el sur del pais, esta informacion no era
explicita por encontrarse en una publicacion sobre Gigartinales
y Rhodymeniales, en la cual esta especie s6lo se menciona
entre el material de herbario trabajado. Se sugiere que G.
intestinalis seria una especie no nativa para la costa de Chile.
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Introduction

Eight species of Grateloupia C. Agardh have been listed
in the catalogue of the benthic seaweeds of the Pacific
southern temperate coast of Chile: G. denticulada, G.
doryphora, G. filicina, G. rojassii, G. spathulata, G.
subsimplex, G. versicolor and Grateloupia sp. (Ramirez
& Santelices 1991). Saunders et al. (2004) included G.
intestinalis collected by A. Peters from Los Molinos,
Valdivia, southern Chile, in a table that showed the
collection data for the species included in their molecular
analyses.

Due to their variable morphology, the species of the
genus Grateloupia are difficult to determine (Ardré &
Gayral 1961, Cabioch et al. 1997, Kraft 1977). The
species Grateloupia doryphora, described from Chile
and Peru (Ramirez & Santelices 1991) has long been
viewed as introduced in the Atlantic Ocean as well in
Western Europe (Farnham & Irving 1973, Cabioch et al.
1997, Maggs & Stegenga 1999), eastern North America
(Villalard-Bohnsack & Harlin 1997), and in the
Mediterranean Sea (De Masi & Gargiulo 1982, Tolomio
1993). Recently, on the basis of morphological and

molecular evidence, Gavio & Fredericq (2002) have
clarified the taxonomic position of G. turuturu, the correct
name species reported as G. doryphora. These last authors
proposed a possible route of introduction of G. turuturu
from its native Japan, while restricting the distribution of
G. doryphora to Peru and Chile.

Understanding the mechanisms and impact of
biological invasions is crucial to preserve marine
biodiversity. The invading species can compete or
hybridize with the native species, resulting in the loss of
marine biodiversity and an altering of fundamental
processes in the ecosystem (Vitousek et al. 1997). The
invasion of coastal ecosystems by non-native species is a
widely recognized phenomenon and it is expanding in
scope (Grosholz & Ruiz 1996). Although most of the
introduced species do not become invasive, those that do
can cause an enormous ecological and economic impact
(Preskitt 2006").

"Preskitt L. 2006. Invasive Marine Algae of Hawaii. Department
of Botany, University of Hawaii at Manoa. [on-line] <http://
www.hawaii.edu/reefalgae/invasive_algae/index.htm>.
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Figure 1
Grateloupia intestinalis. Habits of specimens used in this study (MHNV-al-0019R-2)

Grateloupia intestinalis. Habitos de los especimenes utilizados en el presente estudio (MHNV-al-0019R-2)

Figure 2

Grateloupia intestinalis from Playa Cochoa. Transverse section through a tetrasporophyte showing a lax
medulla and three to four elliptical cortical cell layers. The arrows point to tetrasporangia

Grateloupia intestinalis de Playa Cochoa. Corte transversal a través de un tetrasporofito mostrando la médula
laxa y tres a cuatro capas de células corticales elipticas. Las flechas apuntan a los tetrasporangios
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Recent publications have demonstrated that invasive
species can be successfully identified on the basis of
morphological characters. Early detection and handling
of the foreign species have been the best tools to stop
their impact on the coast of Hawaii (Abbott 1999). Five
species of non-native seaweed invaders have been
recognized from Chile; each species has been documented
in the literature at least twice or has been collected at
different time intervals. Among these five species of
algae, two of them are highlighted: Mastocarpus
papillatus and Codium fragile var. tomentosoides
(Castilla et al. 2005). Nevertheless, only the green alga
Codium fragile is considered a pest (Neill et al. 20032,
Neill et al. 2006).

Mastocarpus papillatus, native to Japan, was first
reported in Chile by Avila & Alveal (1987). It is believed
that this species most likely arrived in the area in the
early 1980s on the hulls of ships associated with coal
transport (Castilla et al. 2005). Codium fragile var.
tomentosoides also native to Japan, was reported for the
first time in Chile in 1998 by Neill et al. (2003?) as an
invader in northern Chilean Gracilaria chilensis
aquaculture facilities. Currently, C. fragile is found in
34 places between Antofagasta and Punta Arenas, with a
discontinuous distribution and greater abundance in the
north, in the region of Caldera, Calderilla and Bahia
Inglesa. C. fragile alters the biodiversity and negatively
affects the cultures of Gracilaria, with disastrous
economic effects for the industry (Neill et al. 2003,
Castilla et al. 2005, Neill et al. 2006). In this context the
present work reports a non-native seaweed species of
Grateloupia in Valparaiso Bay, Chile. It is improbable
that this species was native to Valparaiso Bay because it
has not been found before although the central coast of
Chile has been the focus of enough seaweed collection
efforts (Guiller 1952, Alveal 1970, Etcheverry 1986,
Ramirez & Santelices 1991, Hoffman & Santelices 1997,
Gonzales & Collantes 2001) including several thesis
during the last two decades (Gonzalez 1998, La Rosa
2003).

Material and methods

A total of 74 specimens were collected on October 10,
2006 in the rocky intertidal of Playa Cochoa
(32°57°21,87"S-71°32"57,7""W) (GPS Garmin eTrex

Neill P, O Alcalde & J Correa. 2003. Presencia de la especie
invasora Codium fragile (Chlorophyta) en el norte de Chile:
efectos potenciales sobre cultivos de Gracilaria chilensis
(Rhodophyta). XLVI Reunion Anual de la Sociedad de Biologia
de Chile, Pucon, Chile. Biological Research 36: 56 [Abstract].

Legend, datum WGS 84), Valparaiso, central Chile, and
transferred wet to the laboratory. The material was
vouchered according to traditional techniques and
deposited in the Museo de Historia Natural de Valparaiso,
voucher number MHNV-al-0019R-1, MHNV-al-0019R-
2. Algae were cross sectioned by hand with a razor blade.
Microscopic observations were done with Nikon
Labophot microscope, equipped with a digital camera
Canon Power Shot A85. The vouchered specimens were
scanned and registered using a HP ScanSet 3400Cs
scanner. Vouchers were also dried in the field with silica
gel for future molecular analyses.

Provisional determination of the species was carried
out by comparing the collected material with the species
descriptions of Grateloupia by Kiitzing (1867), De Toni
(1905) and Kraft (1977).

Results

The collected specimens are characterized by red-wine
linear, ligulate, gelatinous-fleshy, slightly undulated thalli,
reaching up to 18 cm in length, 1 cm in width. The thalli
reflect the light irregularly and have one or two apical
regions, and are born on a short stipe (Fig. 1). Cross
sections reveal a cortex (60 pm) of 3-4 layers of elliptical
cells between which cruciately divided tetrasporangia are
interspersed (Fig. 2). The medulla is lax (100 pm),
medullary filaments separate and break apart, leaving the
centre of the plant mostly hollow and filled with mucilage.
The transition between cortex and medulla is abrupt.
Habits of cystocarpic thalli have not been found.

Discussion

The external morphology and the construction of the
medulla of Grateloupia individuals from Playa Cochoa
(Fig. 1) show the centre of the plant mostly hollow and
filled with mucilage, and do not agree with the description
of any of the Grateloupia species previously reported
for the Chilean coasts which have the centre of the plant
filled with medulla without hollow (Ramirez & Santelices
1991), but they display similar characteristics to those of
Grateloupia intestinalis (Hooker fil. et Harvey) Setchell
ex Parkinson, depicted in Figs. 1-21 by Kraft (1977).

The habits of Grateloupia collected in Playa Cochoa
and G. intestinalis (Kraft 1977) differ in the range of the
number of fronds that are simple in specimens from Playa
Cochoa. These would correspond to specimens of a young
population that became established no longer than four
weeks earlier since during 2006 this beach was monthly
monitored in search of Porphyra spp. and only few
specimens of this species of Grateloupia had been
previously observed.
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Figure 3

Lower rocky intertidal zone exposed to the surge in Playa Cochoa showing the population of G. intestinalis

Intermareal rocoso bajo de frente expuesto en Playa Cochoa mostrando la poblacion de G. intestinalis

According to Guiry & Guiry (2008%), G. intestinalis
has as basionym and synonym Nemastoma intestinale
Hooker & Harvey 1855 (‘intestinalis’). In the past, G.
intestinalis had been confused with Grateloupia prolifera
J. Agardh. Unfortunately specimens suitable for studies
of cystocarp ontogeny have not been observed but
Setchell (in herb. Lindauer) mentions that it has well
developed pericarpia propria (i.e. Gonimocarps). The
binomial Grateloupia intestinalis was never effectively
published by Setchell (Chapman & Parkinson 1974); its
listing by Adams (1972) does not constitute valid
publication under Art. 33 of the International Code of
Botanical Nomenclature (fide Chapman & Parkinson
1974).

The native distribution of G. intestinalis comprises
New Zealand (Chapman & Parkinson 1974, Womersley
1994, Adams 1994, Nelson & Phillips 1996, Adams 1997,
Miller 2005) and Tasmania (Womersley 1994).

A distance tree of results emphasizing Halymeniales
(Saunders et al. 2004) showed that G. intestinalis
collected by A. Peters on November 1996 from Los
Molinos, Valdivia, Chile (voucher number: GWS000354;
GenBank number: AY437702) solidly joined the two
included species of Polyopes in all analyses and failed to
join the generitype, G. filicina. Notwithstanding the Fig.
11 exhibited in Saunders et al. (2004) does not match
the collection data, as the habit presented corresponds to
G. intestinalis from New Zealand (Kraft 1977) and not
to the specimen from Chile that they worked on.

In Playa Cochoa the population of G. intestinalis
occurred in the semi - protected, lower rocky intertidal
(Fig. 3), occupying almost completely the regular habitat
of Porphyra pseudolinearis at the end of the winter and
spring (Gonzalez 1998, Gonzalez & Collantes 2001, La
Rosa 2003, Muiioz-Muga 2005%) and sharing rocks
exposed to the surge with Codium dimorphum.

3Guiry MD & GM Guiry. 2008. AlgaeBase. World-wide electronic publication, National University of Ireland, Galway. [on-line] <http://

www.algaebase.org>.

“Mufioz-Muga P. 2005. Fenologia morfologica y reproductiva del luchecillo Porphyra woolhousiae Harvey (Rhodophyta, Bangiophyceae).
Seminario de Investigacion de Biologia Marina, Facultad de Ciencias del Mar, Universidad de Valparaiso, Valparaiso, 25 pp.
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In the central coast of Chile, such a proliferation of
Grateloupia as the one seen in 2006 has not been
registered in the subsequent years, only isolated
specimens have been found in the area during winter,
spring and the beginning of summer. G. intestinalis from
Los Molinos, Valdivia, southern Chile, studied by
Saunders et al. (2004), would be the first report of the
species from Chilean coast.

The early and localized detection of the massive
proliferation of G. intestinalis in Playa Cochoa represents
a good model for the pursuit of the behavior of an
introduced species in relation to the native species. The
taxonomy of G. intestinalis from Playa Cochoa requires
later confirmation of molecular and morphological
evidence, as well as an interpretation of its possible routes
of introduction.
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