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Abstract
In this study we report for the first time the appearance of an endophytic filamentous red alga, living associatedwith the edible red
seaweed Chondracanthus chamissoi. Molecular identification, growth, and reproduction of this endophyte are described under
different conditions: photoperiod (8:16, 12:12, and 16:08 L:D), temperature (10 and 15 °C), and photon flux density (40 and
20 μmol photons m−2 s−1). Filaments of this endophyte were isolated and cultured, and the growth was recorded according to the
number of branches and its reproduction, by quantifying the emergence of monosporangia. By sequencing the COI gene and
through phylogeny reconstruction using maximum likelihood, we determined that this endophyte corresponded to Colaconema
daviesii. The highest growth was recorded under the treatment 16:08 (L:D), 10 °C, and 20 μmol photons m−2 s−1, reaching up to
100 branches after 18 days. On the other hand, over 80% of filaments with monosporangia were observed at 12:12 (L:D), 10 °C,
and 20 μmol photons m−2 s−1. This is the first record of C. daviesii on the South-eastern Pacific as an endophyte on thalli of
C. chamissoi. The results of the in vitro cultures showed that once C. daviesii is isolated, the filaments are able to grow and
reproduce independently ofC. chamissoi. This suggests that there may not be a strict relationship between both algae and reveals
the possibility of finding C. daviesii living without a host or associated with other species.
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Introduction

Chondracanthus chamissoi (C. Agardh) Kützing is an alga in
the order Gigartinales which is distributed on the coasts of
Perú and Chile from 5 to 42° S, as well as in France, Korea,
and Japan (Yang et al. 2015; Ramírez et al. 2018). It is
exploited for extraction and commercialization of carra-
geenans and its biomass has also been intended for human

consumption during the last 10 years (Bulboa et al. 2013),
with prices that fluctuate between 23 and 32 USD$ per kg
(dry weight) of raw material (Aduana 2018). Although cur-
rently C. chamissoi is not cultivated for commercial use, sev-
eral studies have been carried out to develop cultivation tech-
niques (Bulboa et al. 2005, 2013; Bulboa and Macchiavello
2006; Macchiavello et al. 2018), all of which have demon-
strated the feasibility of its production, mainly through prop-
agation strategies based on vegetative fragmentation (Bulboa
et al. 2013; Hayashi et al. 2014; Macchiavello et al. 2018).

One of the most distinguishing attributes ofC. chamissoi is
its highmorphological variability, which includes compressed
or flattened thalli with axes repeatedly pinnately branched or
foliaceous, often covered with papillae (Ramírez et al. 2018).
This is relevant since the market for human consumption re-
quires certain morphological traits, such as small, thin,
branched, smooth surfaced thalli, free of papillae, epiphytes,
and reproductive structures (Bulboa et al. 2005; Macchiavello
et al. 2018). The thalli of C. chamissoi found on the coast of
Chile near the town of Tumbes (36° S) presents the aforemen-
tioned desirable characteristics and has been cultivated in our
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laboratory for growth tests. The higher growths of these (6.8%
d−1) have been achieved under long-day photoperiod condi-
tions (16:08 light: dark), when maintained at 15 °C, with a
photon flux density of 60 μmol photons m−2 s−1 (López
2017). Under these conditions, an unknown red alga of the
endophyte type appeared in abundance, characterized by sim-
ple filaments and several ramifications. These ramifications
grew rapidly from within the thalli of C. chamissoi, covering
its surface and generating a loss of turgidity and necrosis in the
middle and apical portions of the thalli. On the contrary, in-
termediate and short-day photoperiods, as well as conditions
of low light, do not seem to favor the proliferation of this
filamentous alga (López 2017).

Although C. chamissoi has the morphological characteris-
tics required by the market for human consumption (Bulboa
et al. 2010), the presence of epiphytes or endophytes is a
problem for its commercialization because they reduce thallus
quality by altering the appearance as well as the health condi-
tion. Indeed, infections from epiphytes as well as endophytes
constitute a serious threat to seaweeds health, causing thallus
malformations resulting in severe morphological alterations,
injuries, and cellular damage (Correa et al. 1997; Kim et al.
2014). These negative effects are not only morphological but
can also affect the fitness of the alga host affecting survival,
growth, and fertility (Kim et al. 2014; Ogandaga et al. 2016),
and in some cases could even destroy natural seaweed popu-
lations (Parker and Chapman 1994; Faugeron et al. 2000;
Schoenrock et al. 2013). Direct negative effects of epiphytes
and endophytes on biomass production and the quality of
phycocolloids have been reported in commercially grown al-
gae (Araújo et al. 2014; Vairappan et al. 2014) such as reduc-
ing their commercial value by diminishing both the yield and
quality of cultivated macroalgal species (Schoenrock et al.
2013).

Previous reports show that in temperate environments, the
presence of epiphytes or endophytes is markedly seasonal and
it is associated with changes in environmental factors such as
temperature and light, being the warmest seasons the periods
when they reach greater abundance, as a result of an increase
in growth and reproduction (Buschmann and Gómez 1993;
Vásquez and Vega 2001). In regards of C. chamissoi, the
greatest abundance and diversity of epibionts have been re-
ported during spring and summer (Vásquez and Vega 2001;
Macchiavello et al. 2018). Throughout its distribution, several
epiphytic algae have been documented on C. chamissoi thalli
(e.g., Vásquez and Vega 2001; Ávila et al. 2011; Bulboa et al.
2013; Macchiavello et al. 2018); however, none of them
matches the red algae found previously by López (2017).
Therefore, the aims of the present study were to (i) genetically
identify the endophyte found in the thalli of C. chamissoi by
means of DNA sequencing and phylogenetic analyses, and (ii)
to determine in vitro the effects of different abiotic conditions
on this endophyte.

Materials and methods

The thalli of Chondracanthus chamissoi (Fig. 1a) were ob-
tained from Caleta Tumbes in the Region of Biobio (73° 05′
15“W, 36° 36’ 45” S) in April 2017. Apical tips (3 cm length)
were cut and cultivated in 500 mL of sterile seawater under
controlled conditions: 16:08 (light:dark), 40 ± 10 μmol pho-
tons m−2 s−1, and 15 ± 1 °C, as previously described for this
species by Bulboa et al. (2008). After 2 weeks, red spots on
the thallus surface were observed, and then the filaments of an
endophytic algae covered the surface of C. chamissoi. Cross-
sections showed that the filaments grew from the medullary
region of the C. chamissoi thallus (Fig. 1b). The endophyte (2
to 5 filaments) was separated from the thalli manually with a
surgical scalpel under a light stereoscope (Motic SMZ-143-
N2LED). The filaments were washed with sterile sea water
and then transferred into Erlenmeyer flasks containing
250 mL of filtered seawater (mesh size = 1 μm), enriched with
Von Stosch’s culture medium (8 mL L−1), and maintained
under the same conditions as before with weekly medium
replacement. These cultures have been maintained for 2 years
and provided all the biological material for the experiments.

Molecular identification

For molecular analyses, the DNA was extracted from the fil-
aments using the protocol developed by Saunders (1993) and
modified by Faugeron et al. (2001). The mitochondrial cyto-
chrome c oxidase subunit I gene (COI) was amplified by po-
lymerase chain reaction (PCR) using the primers GazF1 (5′-
124 TCA ACA AAT CAT AAA GAT ATT GG-3′) and
GazR1 (5′-ACT TCT GGA TGT CCA125 AAA AAY CA-
3′) and following the Saunders (2005) amplification protocols.
Amplifications were done in a GenAmp 9700 thermocycler
(Perkin-Elmer, USA) with an initial denaturation step of 96 °C
for 4 min, followed by 35 cycles of 1 min at 45 °C (annealing),
1.5 min at 72 °C (extension), and a final extension period of
8 min at 72 °C. PCR products were purified and sequenced
using primers GazF1 and GazR1 on an ABI PRISMR 3100
Automated DNA Sequencer (Applied Biosystems, USA). The
sequences were uploaded to GenBank.

Once the DNA sequence of the COI gene from the un-
known endophyte was obtained, other sequences were re-
trieved from GenBank: from species of the Colaconematales
(used as ingroup) and from the orders Nemaliales,
Entwisleiales, Palmariales, Acrochaetiales, and Thoreales (as
outgroup) (complete list of sequences retrieved are in
Table S1, Supporting Information). The selection of
outgroups was according to the multigene phylogeny by
Lam et al. (2016). Multiple sequence alignment of COI se-
quences was performed using BioEdit v 7.2.5 (Hall 1999)
with 1000 bootstrap replicates. Sequence divergences be-
tween all species employed, and within each order, were

3534 J Appl Phycol (2020) 32:3533–3542



calculated using Mega v 5 (Tamura et al. 2011). A maximum
likelihood (ML) phylogenetic tree reconstruction was per-
formed using the software IQ-TREE (Trifinopoulos et al.
2016). The best model of evolution was selected using the
Akaike Information Criterion (AIC) implemented in IQ-
TREE. The selected model for the COI sequences was
TIM2 + F + I + G4. Statistical support was estimated using
1.000 ultrafast bootstrap replicates (Nguyen et al. 2015).

Development and reproduction

To evaluate the growth and reproduction of the endophytic red
alga, samples of filaments were taken from the cultures as
previously described. Groups of filaments were fragmented
using a hand blender, then filaments bearing few cells (3 to
5 cells), and without ramifications or reproductive cells were
selected under an inverted light microscope (Nikon eclipse
Ts2) and cultivated in Petri dishes with 10 mL of seawater
enriched with Von Stosch’s solution. Fifteen filaments were
placed in each Petri dish and exposed to combined treatments
of photoperiod (8:16, 12:12 and 16:08 (L:D)), photon flux
density (PFD 20 and 40 μmol photons m−2 s−1), and temper-
ature (10 °C and 15 °C). Six independent replicates were
conducted for each treatment. The experiments were carried
out for 18 days, with seawater and culture medium renewed
once a week. To evaluate filaments growth, the number of
total branches for each filament was measured at the end of
the experiments. This was used a proxy to assess growth since
preliminary results showed different ramification degree using
different culture conditions. Moreover, usual measurements
such as weight or area could not be taken due to the small size
and mass of the filaments.

To evaluate the effects of abiotic factors on reproduction
performance, on each filament, the number of filaments bear-
ing monosporangia was counted after 18 days; results were
expressed as reproduction performance, measured as percent-
age of filaments bearing monosporangia from the total ob-
served. All measurements were done under an inverted light
microscope (Nikon eclipse Ts2).

Data analysis

The number of branches and reproduction performance were
analyzed separately, using a multifactorial ANOVA to evalu-
ate the effects of photoperiod, PFD, and temperature. Prior to
the analyses, the data was tested for normality and homosce-
dasticity. More specific differences were then examined using
Tukey’s post hoc test. The statistical analyses were performed
using the R software (R core team 2019), with the ggplot2
package (Wickham 2016) for plotting the results on a
Blockplot chart.

Results

The phylogenetic reconstruction using the maximum likeli-
hood method showed that the unknown endophyte COI se-
quence nested within Colaconematales, which formed a
monophyletic clade with a bootstrap value of 94%. More im-
portantly, within this order, the COI sequence of our endo-
phyte was grouped in the same clade together with specimens
of the species Colaconema daviesii with strong node support
(100%) (Fig. 2). This was then corroborated comparing for
homologous COI sequences to our own using the NCBI
BLAST tool, founding a 99.8% of similarity with the species

ba

Fig. 1 a External morphology of
Chondracanthus chamissoi
characterized by thalli with a
smooth surface and abundant
ramifications (Bar = 1 cm). b
Cross-section of C. chamissoi
showing filaments of
Colaconema daviesii outgrowing
from the medulla (Bar = 5 μm)
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C. daviesii (see Table S1 at supplementary material for
details). Moreover, the pairwise sequence divergence between
our COI sequence of Colaconema and other two C. daviesii
sequences (GenBank accession numbers KT886153, and
KF280895) was more than one order of magnitude lower
(0.2–0.5%) in comparison to the within sequence divergence
in the Colaconematales (17%) or in comparison to sequence
divergences within the other orders of the Nemaliphycidae
(13–24%) (see Table S2 and S3 at supplementary material
for details). This intraspecific divergence within C. daviesii
(0.2–0.5) is well below the barcoding gap (2–14%) for the
COI in red algae (e.g., Robba et al. 2006; Sherwood 2008)
and strongly suggests that our specimen corresponds to the
species C. daviesii. A value of 0.5% of divergence between
COI sequences is within the ranges observed for intraspecific
differences in red algae (e.g., 0.66% average intraspecific var-
iation in Gracilaria salicornia, in Yang et al. 2013); in fact,
the two haplotypes of Colaconema proskaueri (KF364496
and KC130155) also showed this divergence value
(Table S2) and correspond to the same species. Remarkably,

the sequence divergence between our COI sequence and one
haplotypes ofC. daviesii fromCanada (KT886153) was lower
(0.3%) than compared with the second COI haplotype from
Canada (KF280895) (0.5%), suggesting the existence of gene
flow even between distant populations of this species.
Nonetheless, this should be interpreted with caution due to
the small sampling size, and the few nucleotide bases consid-
ered herein (664 bp). It is worth mentioning that in our phy-
logenetic reconstruction using COI, the topology at the gener-
ic and species-level resembled the results in Lam et al. (2016);
nonetheless, higher taxonomic relationships were not defined
properly. This is probably because the COI gene is well suited
to define relationships between closely related species, but not
higher levels of taxonomic relationships. Then, at higher tax-
onomic levels, our phylogenetic reconstruction is probably
showing genetic saturation and long branch attraction; addi-
tional genes showing slower accumulation of mutations
should be employed or using longer sequences (only 664 bp,
in our study), as has been done previously (e.g., Scott et al.
2013; and Lam et al. 2016).

Fig. 2 Maximum likelihood tree of the Colaconematales (ingroup),
based on the alignment of DNA sequences (664 bp long) of the
cytochrome oxidase1 gene (COI), and the Nemaliales, Entwisleilales,

Palmariales, Acrochaetiales, and Thoreales orders (outgroups). For
each node, ML bootstrap values are indicated. Only high support values
(> 70) are shown. Box = Sequence generated in this study
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In all experimental treatments, uniseriate filaments of sim-
ple cylindrical cells were developed, showing abundant ram-
ifications (Fig. 3a, b). In the terminal portion of the filaments,
a single monosporangiumwas developed (Fig. 3c). At the end
of the experimental period, under all conditions, were ob-
served monospores germinating into new filaments (Fig. 3d).

Photoperiod and PFD factors showed a statistically signif-
icant influence in the number of bhanches generated by
C. daviesii (p < 0.05; F = 15.77). However, a third-order inter-
action was also recorded (p = 0.007; F = 5.34) between the
three factors studied; therefore, the results cannot be explained
as each causing an isolated effect (Table 1). More specifically,
the Tukey’s post hoc test showed that the different combina-
tions of photoperiod, temperature, and photon flux density
were separated into three clusters (a, b, and c) (Fig. 4) regard-
ing the number of ramifications produced. The highest num-
ber of branches (140 ± 34) was observed for cluster c, corre-
sponding to the combination of photoperiod 16:08 (L: D),
temperature 10 °C, and PFD of 20 μmol photons m−2 s−1.
On the contrary, cluster a, corresponding to the combination
of photoperiod treatment 12:12 (L: D), temperature of 10 °C,

and PFD of 20 μmol photons m−2 s−1, was the one with lower
development of C. daviesii with 23 ± 13 branches (Fig. 4).
The remaining treatment combinations were grouped under
cluster b and produced an intermediate number of ramifica-
tions (Fig. 4).

In all treatment combinations, the appearance of
monosporangia in C. daviesii filaments was observed. The
photoperiod factor showed a statistically significant influence
(p = 0.004;F = 6.06) on the development of monosporangia in
C. daviesii. However, the second-order interaction between
photoperiod and PFD (Table 1) was also significant (p =
0.013 F = 4.61). The Tukey’s post hoc test showed that the
different combinations of photoperiod, temperature, and pho-
ton flux density were separated into four clusters (a, b, ab, and
c) (Fig. 5). Cluster a, corresponding to the combination of
12:12 (L:D), 10 °C, and 20 μmol photons m−2 s−1, was the
one showing the highest percentage of filaments presenting
monosporangia (64 ± 23%), whereas cluster c, corresponding
to the experimental treatment 16:08 (L:D), 10 °C, and
20 μmol photons m−2 s−1, showed the lowest percentage of
filaments bearing monosporangia (3 ± 1%) (Fig. 5). The

b

c d

a
Fig. 3 a Fragments of filaments
of Colaconema daviesii, with few
cells and few ramifications that
were used to initiate experiments
(Bar = 5 μm). b uniseriate
filaments of C. daviesii of simple
cylindrical cells with abundant
ramifications in their distal
portions (Bar = 5 μm). c Apical
portions of C. daviesii filaments
containing monosporangia (black
arrow) type (Bar = 5 μm). d
Monospores germinated (Bar =
5 μm)
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remaining treatment combinations were grouped under cluster
b (or ab) and produced an intermediate percentage of fila-
ments with monosporangia (Fig. 5).

Discussion

The members of the order Colaconematales have been char-
acterized as epiphytes or endophytes, and they are exclusively

marine species (Harper and Saunders 2002). In the present
study, the molecular identification using the COI gene showed
a strong bootstrap support, confirming that the pigmented en-
dophyte found in thalli of C. chamissoi belongs to
Colaconema daviesii (Dillwyn) Stegenga. Other studies using
molecular approach have allowed before the identification of
other species of this genus, such as the case of C. infestans,
found in thalli of the commercial algae Kappaphycus
alvarezii, cultured in Brazil (Araújo et al. 2014), but the genus
so far had not been found in the southeast Pacific.
Consequently, our study represents the first report of the
C. daviesii species as an endophyte in the commercial algae
C. chamissoi in thalli from the southeastern Pacific.

Colaconema daviesii has been found on the coast of
Canada (Harper and Saunders 2002) and occasionally has
been documented associated with algae as Colpomenia
sinuosa (Poza et al. 2017), the seagrass Zostera marina
(Garcia et al. 2017), and living as epibiont on the barnacle
Lepas anatifera (Hansen et al. 2017); nonetheless, so far, the
relationship with their hots has not yet been elucidated. The
evidence suggests that C. daviesii does not have a specific
species relationship to only one host, hinting the possibility
of finding it associated with other species on the eastern
Pacific coast. This is especially relevant to potential host algae
with commercial importance, since it is known that intimate
associations between seaweeds (epiphytes, endophytes, or
parasites) could have a negative effect on their hosts (Apt
1984), including thallus thickening, degradative lesions, cel-
lular damage, gall formation, morphological deformations,
and growth rate decrease (Yoshida and Akiyama 1979; Apt
1988; Correa et al. 1988, 1997; Correa and McLachlan 1992;
Preuss and Zuccarello 2014; Ogandaga et al. 2016), affecting
the commercial overall market value of the algae (Lein et al.
1991). In farmed seaweeds, these interactions have recently
caused problems reducing the productivity of the
carragenophyte alga K. alvarezii, as a consequence of the
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Table 1 Statistical results of the three-way ANOVA analysis to evalu-
ate the effects of temperature (T), photon flux density (PFD), and photo-
period (Pho) on growth (as an increase of branches number) and forma-
tion of reproductive structures (as proportion of filaments bearing
monosporangia) of Colaconema daviesii

Growth (increase of branches number)

Source df MS F P

T 1 2.268 3.393 0.07042

PFD 1 2.268 24.482 6.39e-06

Pho 1 2.481 9.229 0.00032

T x Pho 2 1.590 9.762 0.00021

Pho x PFD 2 1.490 15.771 3.13e-06

T X PFD 2 1.426 0.658 0.420513

T X PFD X Pho 3 1.131 5.342 0.00733

Reproduction (filaments bearing monoesporangia)

T 1 2.680 3.592 0.0628

PFD 1 2.139 2.710 0.1049

Pho 1 1.482 6.058 0.0040

T x Pho 2 1.179 2.484 0.0919

Pho x PFD 2 2.112 4.608 0.0137

T X PFD 2 2.131 0.548 0.461

T X PFD X Pho 3 1.060 1.012 0.369

Significant p values are shown in bold
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negative effect produced by the endophyte Colaconema
infestans, which promotes the fragmentation of the thalli
(Araújo et al. 2014).

In regards of the infestation of C. chamissoi by (the then
unknown) C. daviesii, in the preliminary studies of Montoya
(2019) and López (2017), the epiphyte outgrows were follow-
ed by discoloration, loss of turgor of the thalli, and
fragmentation of the host. These results are in accordance
with the effects documented by Correa (1990) as signs of
deterioration caused by an endophyte. New studies are needed
to assess the concrete impactC. daviesii has on the host. It has
been reported that some opportunistic bacteria might show
similar detrimental effects on seaweeds (Weinberger et al.
1994).

It is well documented that in marine algae, there is some-
times a close relationship between hosts and colonizers, which
range from mutualism through commensalism to parasitism.
In the case of the latter the relationship might reach high de-
pendency, as described for Audouinella heteroclada, an epi-
phytic alga of Chondrus crispus (Correa 1990) that cannot
survive being isolated, since it depends on its host for the
supply of nutrients, or the reports of Vertebrata lanosa, which
penetrates the thallus of Ascophyllum nodosum to obtain nu-
trients (Rawlence and Taylor 1972; Turner and Evans 1977).
Although so far it is not clear that the type of relationship
between C. daviesii and its host, our results suggest that this
would not be strict, since C. daviesii can live independently of
C. chamissoi once isolated. Its thalli were capable of growing
and reproducing, which differs with the observed for several
pigmented endophytes which are ecologically obligate sym-
bionts, which might have fragile thalli incapable of remaining
attached to other organisms or to other types of substrata (e.g.,
Correa et al. 1988; Correa 1994). These results support the
idea that C. daviesii could not only be found associated with
only one host, but also freely living in the natural environ-
ment. Since the species is a pigmented endophyte, it can be

considered as photosynthetically independent, such as other
endophyte algae isolated in vitro, which rarely had metabolic
relationships with their hosts (Nielsen 1979; Gauna et al.
2010) and have even been described as carbon independent
(Correa et al. 1988; Eggert et al. 2010). For the moment,
however, this cannot be assumed for C. daviesii, since it has
never been observed living by itself in the wild. Nonetheless,
their absence on the field could be due to the little knowledge
on the species, lack of proper identification, and a deficient
sampling effort.

In the present study, C. daviesii showed an antagonistic
relationship between growth and reproduction, which was
regulated by the photoperiod. When the temperature and
PFD conditions were kept between 10 °C and 20 μmol pho-
tons m−2 s−1, a higher number of branching and a smaller
presence of monosporangia were observed under the photo-
period conditions 16:08 (L:D). On the contrary, under the
same temperature and PFD conditions, the decrease in day-
light hours (12:12, L:D) caused the highest production of
monosporangia, while the number of branching was minimal,
showing a scarce development of the thalli. This differs to
what was informed about different red algae for the coast of
the southeastern Pacific (Otaiza et al. 2001; Vásquez and
Vega 2001; Vega and Meneses 2001), in which the reproduc-
tion and growth occur in synchrony during spring-summer
months. This coincides with the increase in the temperature
of the sea, luminosity, and in daylight hours (Bulboa and
Macchiavello 2001; Vásquez and Vega 2001). Accordingly,
studies in temperate environments that have documented the
abundance of epiphytes and endophytes have found a marked
seasonality in their appearance, which in most cases inten-
sifies from spring under longer photoperiod conditions and
temperature increases (Buschmann and Gómez 1993;
Vásquez and Vega 2001; Macchiavello et al. 2018; Bulboa
et al. 2020). Based on the results of this study, C. daviesii
would present an evident sensitivity to changes during
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photoperiod, which would regulate its growth and reproduc-
tion, suggesting a probable seasonal behavior, growing during
spring-summer months (with longer photoperiod), and repro-
ducing during fall-winter months (with neutral or shorter pho-
toperiod). Therefore, we hypothesize thatC. daviesiiwould be
capable of infecting C. chamissoi through monospores during
winter, when this species has a scarce growth and low repro-
duction (Bulboa et al. 2008, 2010; Ávila et al. 2011), and then
increasing the development and presence of the endophyte on
the host during spring-summer. This postulate is supported by
the gradual infestation documented for other species, in which
the epiphyte/endophyte can be present in a dormant state, and
then develop and mature in better growing conditions (Potin
2012). This gradualness in the infestation has been proven in
the case of the endophyte Epicladia heterotricha over
Hymenena falklandica, in which there is a seasonal gradual-
ness of the infestation, starting with a superficial presence as
epiphyte and then growing as endophyte into the cortex, caus-
ing harm to the host during a late stage of infestation (Gauna
and Parodi 2010).

Conclusions

We report for the first time Colaconema daviesii in the south-
eastern Pacific, a pigmented endophyte of the commercially
important seaweed Chondracanthus chamissoi. The growth
and reproduction of C. daviesii could be a problem for the
cultivation attempts with C. chamissoi, a species located in a
long territorial extension which covers the coast of Chile and
Perú. However, further studies should be carried out to deter-
mine the negative effects on the fitness of the host alga, espe-
cially under cultivation. In addition, it is yet unknown if
C. daviesii is capable of infecting other species of commercial
interest, as well as the degree of specialization and parasitism
of this endophyte.
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