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Abstract Fragments of Chondracanthus chamissoi have the
capacity of secondary attachment. In the laboratory, apexes of
upright branches of C. chamissoi placed 1–2 mm and parallel
to horizontal substrata underwent morphological transforma-
tion prior to becoming attached, changing from thick and
blunt to elongated and cylindrical and from straight to curved
towards the substratum, where they eventually produced sec-
ondary attachment discs. When transformation occurred,
signs could already be observed after 3 days of incubation.
Several factors that could affect transformation and attach-
ment were tested. The vertical or horizontal orientation of
the fragments, the angle of incidence of light, and the phase
of the life cycle had no effect on transformation, whereas the
presence of reproductive structures had a negative effect com-
pared to vegetative fragments. Low light intensity and low
water flow favored the transformation response. Calcareous
substrata (bivalve shells and coralline crusts) produced the
highest frequency of transformation and other solid substrata
(glass slides, rock, and sea-squirt tunic) followed in the rank-
ing, but fleshy seaweeds (Ulva sp., Sarcothalia crispata, and
C. chamissoi) failed to produce any response. Thus, the ex-
perimental upright branches developed features and reactivity
similar to basal branches when the former were placed in
conditions similar to those where the latter occur in the natural
environment. Vegetative reproduction has been incorporated

in cultivation techniques of C. chamissoi, but it could also be
used in repopulation or restoration programs of this species.
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Introduction

In seaweeds, reproduction occurs mainly via gametes and
spores. These unicellular structures are released to the water
column, where they disperse and eventually become attached
to a substratum and grow into a new individual (Hoffmann
1987; Santelices 1990; Clayton 1992; Norton 1992). Also,
whole thalli or fragments can produce secondary attachment
structures, such as rhizoids (Perrone and Cecere 1997) or sec-
ondary attachment discs (Pacheco-Ruíz et al. 2005; Otaíza and
Fonseca 2011), becoming fixed to the substratum and thus
generating new individuals (Destombe and Oppliger 2011).

Both spores and fragments have been used in cultivation
techniques of red seaweeds. For example, spores may be in-
oculated on oyster shells or nets for cultivation of species of
Porphyra/Pyropia (Redmond et al. 2014). Fragments have
been used in various ways. Free floating fragments of different
species have been used in tank cultivation of Chondrus
crispus (Neish et al. 1977; Redmond et al. 2014). Fragments
of Gracilaria chilensis are seeded by partly burying them in
sediments (Santelices and Doty 1989; Buschmann et al.
1995), and fragments of species of Eucheuma/Kappaphycus
are intertwined on ropes for cultivation on shallow waters
(Doty 1987). Secondary attachment of fragments to different
substrata has also been proposed for cultivation techniques for
Gelidium and Chondracanthus species (Salinas 1991;
Macchiavello et al. 2003; Pacheco-Ruíz et al. 2005). For the
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latter strategy, knowledge of the factors that affect secondary
attachment can be used to improve cultivation methods.

In Chile, Chondracanthus chamissoi (C. Agardh) Kützing
(Rhodophyta, Gigartinaceae) has been harvested for the ex-
traction of carrageenan and, more recently, an increasing in-
terest in cultivation of this species has arisen as it is now also
exported to Asia as food for humans (González et al. 1997;
Hoffmann and Santelices 1997; Bulboa and Macchiavello
2006; Ávila et al. 2010). Geographically, it ranges from
Paita, Perú (5° S) to Ancud, Chile (42° S) (Ramírez and
Santelices 1991; Hoffmann and Santelices 1997), although
recent molecular evidence suggests that it is also present in
the Northwest Pacific and France (Yang et al. 2015). Locally,
it occurs in low intertidal pools and extends to a depth of 15 m
(Hoffmann and Santelices 1997) growing mainly on rocks,
mollusk shells (Vásquez and Vega 2001; Macchiavello et al.
2003; Fonck et al. 2008), and on patches of the sea-squirt
Pyura chilensis (Pers obs.). It has a triphasic Polysiphonia
type, life-cycle with alternating isomorphic generations of ga-
metophytes and sporophytes (Hoffmann and Santelices 1997;
Ávila et al. 2010). Thalli consist of usually 15–20 cm long,
narrow blades with some lateral branches, and numerous short
pinnules growing distichously along the margins of the main
axes and lateral branches (Hommersand et al. 1993; Hoffmann
and Santelices 1997) (Fig. 1a). The lowest branches of the
main axes, unlike the rest of the branches, are cylindrical
and curve towards the substratum (Fig. 1b), where they form
secondary attachment discs. The tips of the upright branches
and pinnules can also form secondary attachment discs when
they come in contact with some hard substrata (Macchiavello
et al. 2003; Fonck et al. 2008; Sáez et al. 2008; Otaíza and
Fonseca 2011). It has been described that calcareous substrata
enhance the production of secondary attachment discs in
C. chamissoi (Macchiavello et al. 2003; Fonck et al. 2008;
Sáez et al. 2008; Otaíza and Fonseca 2011), and also in
C. squarrulosus (Pacheco-Ruíz et al. 2005) and Gelidium
spp. (Salinas 1991; Juanes and Puente 1993; Santelices and
Varela 1994).

Our preliminary observations showed that before the
secondary attachment structures are produced, the tip of
branches and pinnules of C. chamissoi undergo a morpho-
logical transformation when placed in proximity to the
substratum. Additionally, some substrata did not elicit a
response. The aim of this study was to test the effect of
some factors that may affect secondary attachment of
C. chamissoi. First, we evaluated whether the angle of in-
cidence of light and the orientation of the fragments had an
effect on the morphological transformation of the apexes.
Then, we compared among fragments of different types of
free living individuals and of reproductive state of the thal-
li to reduce variability in the following experiments.
Finally, we evaluated the effect of light intensity, water
flow, and type of substratum on the attachment process in

C. chamissoi. The most relevant factors may be used to
favor attachment of fragments in culture.

Materials and methods

Thalli of Chondracanthus chamissoi were collected from a
natural bed at Ramuntcho (36°45′06″S 73°11′04″ W),
Región del Biobío, in south central Chile, between April and
June, 2014, and immediately taken to the Marine Biology
Station of the Universidad Católica de la Santísima
Concepción, located in the nearby town of Lenga. On each
occasion, thalli were sorted and selected for different
experiments.

Six different experiments were conducted, all with a similar
setup. Straight fragments, 50 mm long, obtained from lateral
branches that included the apex, were cut each from different
C. chamissoi plants. Except when indicated, these fragments
had no visible reproductive structures, but the remaining blade
allowed the identification of the type of free-living individual
(tetrasporophyte, or male or female gametophyte). In the ex-
perimental setup, these fragments were kept in position by
trapping their base between two 25 × 75 mm glass-slides
(for microscopy) held together by pieces of PVC tubes and
using cellulose tissue as padding to prevent the border of the
glass-slide from severing the fragment. During the experi-
ments, the fragments were put in 20 × 30 × 25 cm glass
aquaria with fresh, circulating seawater at a temperature of
12 ± 1 °C, photoperiod of 12:12 (light:darkness), irradiance
of 50–60 μmol photons m−2 s−1 obtained from natural light
supplemented with cool white, day light tubes illuminating
only from above, except when indicated otherwise, and per-
manent aeration.

The first three experiments were aimed at defining some of
the conditions for the following three experiments (see first
and second column in Table 1). In the first experiment, we
evaluated the effect of the orientation of the fragments and the
angle of light incidence on the fragment to assess potential
effects of the orientation of the fragments with respect to in-
cidence of light. Eight replicate fragments, cut from different
female plants, were placed in one of two orientations: verti-
cally (with the tip directed upwards) or horizontally, in com-
bination with two angles of incidence of light: frontally on the
tip or laterally over the surface of the fragment. Thus, four
treatments were included combining the two positions with
the two directions of incidence of light. At all times, the frag-
ments were kept away from the bottom and sides of the aquar-
ium. Black shading net was used to prevent reflection of light
from the internal lateral surfaces and bottom of the aquarium.
In the second experiment, we compared fragments of different
phases of the life cycle. Eight replicate fragments from each of
the three types of free-living individuals (tetrasporophytes and
male and female gametophytes) were setup as indicated
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