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The first report of the parasitic red alga Gracilaria babae (Rhodophyta:

Gracilariaceae) from Singapore

Ng Poh-Kheng, Lim" Phaik Eem & Phang Siew-Moi

Abstract. The presence of a red alga Gracilaria babae growing on its congener G. salicornia in Singapore is
reported for the first time. The parasitic G. babae is distinguished by having pigmented pustules without rhizoids
penetrating into host tissue. The tissues between the parasite and the host appeared continuous. The Singaporean
G. babae has tetrasporangia and deep spermatangial conceptacles formed at the periphery of the pustule. Based
on the sequences of molecular markers belonging to different genomic compartments (nuclear ITS and LSU,
mitochondrial cox1 and plastid rbcL), there was no genetic variation in the Singaporean G. babae collected from

several different habitats.
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INTRODUCTION

Yamamoto established the genus Congracilaria in 1986 to
accommodate C. babae parasitic on Gracilaria salicornia
(Dawson, 1954). This red algal parasite is characterised
by the absence of rhizoids penetrating into the host
tissues, by having a colouration similar to that of its
host, the presence of bisporangia, and in possessing deep
spermatangial conceptacles of verrucosa type. Yamamoto
(1991) subsequently reported the presence of C. babae in
the Philippines based on his observation of bisporangia in
the Philippine specimens. Despite being slightly larger in
pustule size, the Philippine specimens were similar to the
type specimens in terms of external morphology, cellular
structures and reproductive organs. The occurrence of similar
red algal parasites with some anatomical variations had
been reported in other Southeast Asian countries including
Malaysia (Yamamoto & Phang, 1997), Indonesia (Gerung et
al., 1999), and Thailand (Terada et al., 1999). Until recently,
there was no further investigation carried out to clarify the
taxonomic conundrum of these parasitic taxa since their
original taxonomic descriptions.

The application of molecular data has addressed a number
of phylogenetic issues when morphological and anatomical
observations alone are insufficient to delineate species
boundaries (Tan et al., 2013; Poong et al., 2013), especially
in resolving the relationships between the red algal parasites
and their hosts (Zucarello et al., 2004; Kurihara et al., 2010;
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Ng et al., 2013, 2014). Considering the unique biology
of the red algal parasites (Goff & Coleman, 1987, 1995),
molecular characterisation of the parasites is more reliable
with a multi-loci approach using markers from different
genomic compartments (Kurihara et al., 2010; Ng et al., 2013,
2014). Using molecular tools, Ng et al. (2013) identified the
Malaysian parasitic red alga on G. salicornia as C. babae
despite the anatomical variations observed. In a subsequent
study, Ng et al. (2014) transferred C. babae to the genus
Gracilaria as the parasite was placed in the Gracilaria
sensu stricto clade in the molecular phylogenies based on
the plastid, mitochondrial and nuclear markers.

Gracilaria salicornia has been recorded in the Singapore
waters (Lee et al., 2009), but the occurrence of parasitic red
algae on G. salicornia remains undocumented in Singapore.
The presence of this parasite is anticipated, since the
distribution of its host species is within the range where a
similar parasite has been previously reported (Yamamoto
& Phang, 1997; Terada et al., 1999). This paper provides
the first formal record of G. babae from Singapore. The
Singaporean samples collected from Ubin Island were
compared against our previous collections of G. babae
from Japan (Okinawa) and southeast Johor, Malaysia (Che
Kamat Island and Ramunia Bay). We aimed to characterise
the Singaporean G. babae growing on G. salicornia with the
DNA sequences of nuclear ITS and LSU, mitochondrial cox1
and plastid rbcL. Morphological and anatomical features of
the Singaporean parasite are also described. The utility of
haplotype network analyses in inferring the relationships
between the red algal parasite and its host, as well as that
among the parasite individuals was demonstrated in this
study. The haplotype networks were congruent with the
phylogenies of G. babae and G. salicornia inferred from the
sequences of the ITS, LSU, cox1 and rbcL from a previous
study by Ng et al. (2013), in which ITS proved useful in
discriminating the parasites from its host.
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MATERIAL AND METHODS

Sample collection and processing. Individuals of parasitic
red alga were observed on G. salicornia collected from several
localities around Ubin Island (OBS Camp 1, Changi, Ketam
Island, and the intertidal zones between OBS Camp 1 and
Camp 2) in Singapore during the Johor Straits Biodiversity
Workshop. Treatment of algal samples, sectioning and
staining, DNA extraction and PCR amplification procedures
are as described in Ng et al. (2013). Voucher specimens were
deposited in the Lee Kong Chian Natural History Museum,
National University of Singapore.

Sequence alignment and analyses. The sequences of
four genetic markers (ITS, LSU, coxl and rbcL) for the
Singaporean G. salicornia and its red algal parasite were
obtained (Table 1). All datasets were aligned using Clustal X2
(Larkin et al., 2007), with the default gap extension/opening
parameters and the alignments were trimmed with BioEdit
v7.0.5.3 (Hall, 1999). For all genetic markers examined,
at least two parasite individuals from each locality were
sequenced, and in each case, all sequences were identical.
Only one representative sequence for each marker from
each population was deposited in GenBank and included in
the analyses. The K2P-corrected mean distances, excluding
gaps and ambiguities for G. salicornia and its parasite
from different populations were computed with PAUP*
v4.0b10 (Swafford, 2002) for all genetic markers tested.
The sequences of G. salicornia and G. babae from Japan
and Malaysia generated from our previous study (Ng et al.,
2013) were also included in the analyses (Table 1).

The molecular analyses undertaken by Ng et al. (2013)
provided a baseline understanding in the genetic features
of G. babae parasitic on G. salicornia. Gracilaria babae
is very closely related to G. salicornia in having cox1 and
rbeL sequences identical to those of G. salicornia, and is
only distinguished from G. salicornia by the LSU and ITS
sequences. A haplotype network is a representation of the
genealogical relationships among haplotypes, which allows
the incorporation of non-bifurcating genealogical information
associated with population level divergences (Clement et al.,
2000). Considering (1) the minimal sequence diversity for
intraspecific haplotype comparison and poor performance
of phylogenetic inference using standard tree construction
methods (Crandall & Templeton, 1993; Zuccarello et al.,
2002) with LSU, cox1 and rbcL, and (2) the promising use
of the this analysis at 95% connection limit for differentiating
species (Hart & Sunday, 2007) which may be applicable to
ITS, haplotype network analyses are more appropriate to
consider the relationship among the parasites and that between
the host-parasite association. Haplotype networks inferred
for all four markers using a statistical parsimony framework
were calculated for G. salicornia and its red algal parasite
as implemented in TCS v1.2.1 (Clement et al., 2000). Gaps
were treated as missing data, and the connection limit was
set to 95%. Alignments used in the analyses after trimming
of the sequences are available upon request to the authors.

RESULTS

Morphological and anatomical observations. The parasite
Gracilaria babae was found on G. salicornia collected in
various habitats spanning the intertidal zones (Fig. 1), ranging
from moderately exposed to exposed sandy and rocky habitats
to muddy estuarine habitats. The Singaporean parasite has a
small mushroom-like appearance, up to 2 mm high from the
interface with the host to the top, and up to 3 mm wide. The
colour of the parasite is similar to that of the host, olive black
in the unaided eye (Fig. 1). The parasite pustules occurred
either singly or in clusters, seemingly without any apparent
pattern on any part of the host thallus. They were prevalent
on the thallus of G. salicornia with heavy epiphytic load,
and some parasites even had epiphytes growing on them
(Fig. 2A). Sometimes the parasites grew into extensive
tissue masses along the axis of the host thallus (Fig. 2B),
which may have resulted in bending of the host thallus in
some instances (Fig. 2C, arrow). The presence of parasites
did not seem to have much effect on the fecundity of host
species, as these parasites were also observed on host plants
at post-fertilisation stage.

The pigmented outer cortical cells measured up to 12 um
long by 5 um wide, whereas the non-pigmented medullary
cells reached 300 um in diameter in the centre of the
pustule with the cell size diminishing towards the cortex.
A demarcation between the tissue of the parasite and its
host was not observed. There were no rhizoids penetrating
into the host tissue (Fig. 2D). The female gametophyte of
the parasite is easily recognised at post-fertilisation stage,
with cystocarps present over the entire surface of a parasite
pustule, giving the pustule a bumpy appearance (Fig. 2A,
arrow). Cystocarps are dome-shaped, up to 425 um high
and 530 pum wide (Fig. 2E). Cystocarp structure is similar
to that originally described for G. babae. Carposporangia
uninucleate, up to 15 um long and 11 pm wide. Cruciately
divided tetrasporangia (Fig. 2F) formed at the periphery
of the parasite pustule, and these measured up to 28 pm
high and 12 um wide. Spermatangia were present in deep
conceptacles (Fig. 2G) up to 90 um deep, and were always
together with cystocarps on the same pustule. Parasite
pustules with only spermatangial conceptacles or only
cystocarps were also observed.

Molecular analyses. The DNA sequences of all genetic
markers were obtained for almost all of the samples of
Singaporean G. salicornia and its parasite from different
localities, except for the nuclear markers (ITS and LSU) for
G. salicornia from Changi. All collections of the Singaporean
parasite were identical at multiple loci.

The alignment of ITS sequences was trimmed to 1229 sites
with the inclusion of some gaps. The haplotype analysis under
statistical parsimony split the samples into two unconnected
networks corresponding to G. salicornia and its parasite,
G. babae at 95% probability threshold (Fig. 3A). The G.
salicornia haplotype network contained four haplotypes
(IH1-IH4), while the G. babae haplotype network comprised
of five haplotypes (IP1-IP5) linked by nine possible missing
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Fig. 1. Different habitats of Gracilaria salicornia. A, Moderately exposed sandy habitat; B, Exposed sandy habitat; C, Exposed rocky

habitat; D, Muddy estuarine habitat.

haplotypes (see Table 2 for the variation sites for each haplotypes were revealed from the cox1 (Fig. 3C) and rbcL

haplotype). The K2P-corrected genetic distance between (Fig. 3D) statistical parsimony networks of G. salicornia and
G. babae and G. salicornia was 1.771-2.714%, while that its parasite based on their geographical origin. The haplotype
between the G. babae haplotypes was 0-0.752%. Cl1 differed from the haplotype C2 by 10 mutational steps

(for the variation sites for each haplotype, see Table 4). On
The partial LSU sequences yielded an alignment of 481 the other hand, the haplotype R2 differed from the haplotype

sites, including a few introduced gaps. The DNA sequences R1 only by two mutational steps with a transition of thymine
of LSU for the Singaporean G. salicornia and G. babae are to cytosine at position 173, and a transversion of guanine
identical to those of their Malaysian counterparts collected in to cytosine at position 407.
Johor, Malaysia. The parsimony haplotype network analysis
recovered five haplotypes of G. salicornia (LH1 and LH2) DISCUSSION
and G. babae (LP1-LP3) (Fig. 3B). LSU did not show a
clear differentiation between G. salicornia and G. babae, Yamamoto (1986, 1991) provided detailed descriptions
as the two clusters were linked only by a mutational step for Gracilaria babae, the parasitic red alga growing on G.
(for the variation sites for each haplotype, see Table 3). The salicornia, from Japan and the Philippines. Several parasitic
K2P-corrected genetic distance between G. babae and G. taxa referable as G. babae found on G. salicornia described
salicornia was 0.209-1.049%, while that between the G. from Southeast Asia displayed discernible anatomical
babae haplotypes was 0.209-0.418%. variations from the type specimen (Table 5). The Singaporean
parasites found on G. salicornia are a reasonable match to
The alignment of the partial cox1 and rbcL sequences was the Japanese and Philippines G. babae, despite the smaller
1015 bp and 1118 bp each. The cox1 and rbcL sequences stature and the occurrence of tetrasporangia (Table 5). The
of the parasite isolates were identical to those of their host parasites from Singapore are also similar to the Malaysian
species, G. salicornia. These sequences of Singaporean G. and Thai parasites in terms of pustule size as well as the
salicornia and G. babae were identical to those of their occurrence of tetrasporangia (Table 5). In contrast to the
Malaysian counterparts sampled in Johor, Malaysia. Only two distinct host-parasite demarcation observed in Malaysian

10
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Fig. 2. Gracilaria babae growing on G. salicornia. Wet habit of formalin-preserved material: A, Heavy epiphytic load on the thallus of
both G. salicornia and its parasite, arrow indicates female gametophyte of parasite; B, Extensive tissue proliferation of the parasite along
the axis of host thallus; C, Bending of host thallus as a result of extensive parasite tissue proliferation (arrow); Sections prepared using
paraffin method: D, Continuous connection between the medullary tissue of the parasite and the host; E, Cystocarp of the parasite; F, A
tetrasporangium; G, Deep spermatangial conceptacles at the periphery of parasite pustule. Scale bars = 2 mm [A—C]; 500 pm [D]; 200
um [E]; 50 pm [F]; 100 pm [G].
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Fig. 3. TCS parsimony networks for: A, ITS; B, LSU; C, cox1; and D, rbcL sequences of Gracilaria salicornia and its parasite G. babae.
Circles depict genotypes: white circle corresponds to the genotype of G. salicornia; black circle corresponds to the genotype of G. babae;
and grey circle corresponds to the genotype shared by both the host and its parasite; ‘n’ in the circle represents number of individual.
Each connecting line represents one substitution; each small circle represents a missing intermediate sequence.

Table 2. Variation sites for the ITS haplotypes of Gracilaria salicornia and its parasite, G. babae.

Variation sites in DNA sequence

Haplotype
19 60 156 241 702 705 787 944 960 1048 1113
[H1 A C A G C T A T G G A
[H2 A C T A A C G A A C G
IH3 G C T A A C G A A C G
[H4 A G T A A C G A A C G
Variation sites in DNA sequence
Haplotype
16 151 202 242 245 259 465 499 504 683 773 897 993
IP1 A A T G T G C C A T A G T
P2 A A T G T G C C G T A G T
IP3 G G G A G G T T G G A G T
P4 G A G A G A C T G G A A C
IP5 G A G A G G C T G G G A C
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Table 3. Variation sites in different haplotypes of partial LSU sequences in Gracilaria babae from Singapore.

Variation sites in DNA sequence

Haplotype

386 415 441 443 445 473
LH1 C G T T T A
LH2 C G T A A T
LP1 C G C T T A
LP2 C A C T T A
LP3 G A C T T A

Table 4. Variation sites in different cox1 haplotypes of Gracilaria babae from Singapore.
Variation sites in DNA sequence
Haplotype
241 253 433 472 511 584 598 700 820 925

Cl1 A G G A G A T T A T
C2 G A A G T G C C C C

Table 5. Comparison of Gracilaria babae parasitic on G. salicornia reported from Japan and some Southeast Asian countries.

Locality

Japan

Philippines

Malaysia

Thailand

Singapore

References

Overall pustule
size

Cortical cell size

Medullary cell size

Spermatangial
conceptacle

Sporangium

Cystocarp

Host-parasite
demarcation

Yamamoto (1986)

Up to 3 mm high,
4.5 mm in diameter

7.2-9.6 um high,
5.6-9.6 um wide

Up to 560 um
wide
verrucosa type, up

to 50 um deep, 40
um wide

Bisporangium, up
to 50 um high, 20
um wide

Up to 540 pm
high, 700 pm in
diameter

Not observed

Yamamoto (1991)

Up to 3.5 mm
high, 5 mm in
diameter

8-9.5 um high,
5.5-9.5 um wide

Up to 450 pm
wide
verrucosa type, up

to 80 um deep, 60
pm wide

Bisporangium, up
to 44.5 pm high,
22.2 um wide

Up to 600 pm
high, 750 um in
diameter

Not observed

Yamamoto &
Phang (1997)

Up to 3 mm high,
3 mm in diameter

Up to 12 um high,
5 um wide

Up to 140 pm
wide

verrucosa type, up
to 72 um deep

Tetrasporangium

Up to 560 pm
high, 550 pm in
diameter

Observed

Terada et al.
(1999)

Up to 3 mm high

Up to 15 um high,
5 um wide

m. d.*

verrucosa type,
50-90 um deep

Tetrasporangium

Not observed

This study

Up to 2 mm high,
3 mm in diameter

Up to 12 um high,
5 pum wide

Up to 300 pm
wide

verrucosa type, up
to 90 um deep

Tetrasporangium,
up to 28 um high,
12 pm wide

Up to 425 pm
high, 530 pm in
diameter

Not observed

*m.d., missing data.
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specimens, an almost continuous medullary tissue between
the parasite and the host were encountered in the Singaporean
and Thai taxa. A previous study by Ng et al. (2013) showed
that emphasis on the diagnostic value of bisporangia for G.
babae is superfluous, as the Malaysian parasite which has
tetrasporangia was shown to be conspecific with the Japanese
G. babae based on the molecular analyses. We recognised the
parasitic red algal taxa growing on G. salicornia from Japan,
Philippines, Thailand, Malaysia and Singapore as G. babae,
featuring pigmented parasitic red alga that has no rhizoids
penetrating into the host tissues, with reproductive structure
that was similar to that of Gracilaria — deep spermatangial
conceptacles and the presence of tubular filaments linking
gonimoblast and pericarp in the cystocarps.

All parasite populations from Singapore were represented
only by a common association of haplotypes belonging
to different genomic compartments. The Singaporean G.
babae examined were characterised by the ribotype IP5-
LP2, mitotype C2 and chlorotype R2 (Fig. 3). The lack
of nucleotide variations observed within the Singaporean
G. babae from several localities which spanned different
intertidal habitats ranging from rocky shores to muddy
areas indicated the occurrence of high gene flow between
populations. In view of the close proximity (~6 km) from
which the samples of G. babae were collected, spore dispersal
is possible within the sampling range in this study, evident
by the high frequency of fertile parasite individuals at all
sites. Ubin Island is a popular destination for leisure and
recreation (Henderson, 2000). The continued anthropogenic
dispersals resulting from the ferrying of tourists from
Singapore mainland to Ubin Island across the Eastern Straits
of Johor are likely to contribute to the regional genetic
homogeneity of G. babae. The occurrence of only a single
haplotypes association for the Singaporean G. babae may
also be a result of uneven sampling. Extensive sampling in
other coastal areas in Singapore would reveal if G. babae
populations are homogenous across the country.

Each of the LSU, cox1 and rbcL haplotype for Singaporean
parasite is identical to that of Malaysian G. babae,
corroborating the identity of the Singaporean parasite growing
on G. salicornia as G. babae. The different ITS haplotypes
found between the Singaporean and Malaysian material could
be attributed to the rapid mutation rate of the spacer region.
This spacer region was shown to provide good phylogenetic
resolution at and below the species level in red algae (Goff
et al., 1994; Van Oppen et al., 1995; Hu et al., 2009). The
results from this study clearly indicated that ITS is a good
marker candidate to resolve inter-population relationships
in G. babae and those of other algal parasites as well. Our
molecular data echoed with a previous suggestion (Ng et al.,
2013) that the red algal parasite growing on G. salicornia
should be recognised as G. babae.

The analyses of genetic divergence between G. salicornia
and its parasite based on a multi-loci approach confirm the
occurrence of G. babae in Singapore. We have documented
the presence of G. babae in Singapore for the first time.
The results from this study highlight the need for further
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sampling and examination of this parasite from more regions
to help complete the picture of G. babae distribution pattern.

ACKNOWLEDGEMENTS

The Johor Straits marine biodiversity workshop on Pulau
Ubin, Singapore was organised by the National Parks Board
and National University of Singapore and held from 15
October to 2 November 2012 at Outward Bound School. The
workshop, as part of the Comprehensive Marine Biodiversity
Survey (CMBS) was supported by generous contributions
from Asia Pacific Breweries Singapore, Care-for-Nature Trust
Fund, Shell Companies in Singapore and The Air Liquide
Group. We also wish to thank the management and staff
of the Outward Bound School for kindly accommodating
our special needs for a successful workshop. This study
is funded in part by the Postgraduate Research Fund from
University of Malaya (PV082/2011B), the Fundamental
Research Grant Scheme (FP033-2012A), and MoHE-HIR
grant (H-50001-00-A000025) from the Ministry of Higher
Education (MOHE), Malaysia.

LITERATURE CITED

Clement M, Posada D & Crandall KA (2000) TCS: a computer
program to estimate gene genealogies. Molecular Ecology, 9:
1657-1659.

Crandall KA & Templeton AR (1993) Empirical tests of some
predictions from coalescent theory with applications to
intraspecific phylogeny reconstruction. Genetics, 134: 959-969.

Dawson EY (1954) Notes on tropical Pacific marine algae. Bulletin
of the Southern California Academy of Sciences, 53(1): 1-7.

Gerung GS, Terada R, Yamamoto H & Ohno M (1999) An
adelphoparasite growing on Gracilaria edulis (Gracilariaceae,
Rhodophyta) from Manado, Indonesia. In: Abbott IA (ed.)
Taxonomy of Economic Seaweeds with Reference to some
Pacific Species. Volume VII. California Sea Grant College
Program, La Jolla, California. Pp. 131-136.

Goff L] & Coleman AW (1987) Nuclear transfer from parasite to
host: a new regulatory mechanism of parasitism. Annals of the
New York Academy of Science, 503: 402—423.

Goff L] & Coleman AW (1995) The fate of parasite and host
organelle DNA during cellular transformation of red algae by
their parasites. The Plant Cell, 7: 1899—-1911.

Goff LJ, Moon DA & Coleman AW (1994) Molecular delineation
of species and species relationships in the red algal agarophytes
Gracilariopsis and Gracilaria (Gracilariales). Journal of
Phycology, 30: 521-537.

Hall TA (1999) BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/
NT. Nucleic Acids Symposium Series, 41: 95-98.

Hart M & Sunday J (2007) Things fall apart: biological species form
unconnected parsimony networks. Biology Letters, 3: 509-512.

Henderson JC (2000) Managing tourism in small islands: the case
of Pulau Ubin, Singapore. Journal of Sustainable Tourism,
8(3): 250-262.

Hu ZM, Guiry MD & Duan DL (2009) Using the ribosomal internal
transcribed spacer (ITS) as a complement marker for species
identification of red macroalgae. Hydrobiologia, 635: 279-287.

Kurihara AT, Abe T, Tani M & Sherwood AR (2010) Molecular
phylogeny and evolution of red algal parasites: a case study of
Benzaitenia, Janczewskia and Ululania (Ceramiales). Journal
of Phycology, 46: 580—590.



RAFFLES BULLETIN OF ZOOLOGY 2015

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan
PA, McWilliam H, Valentin F, Wallace IM, Wilm A, Lopez
R, Thompson JD, Gibson TJ & Higgins DG (2007) Clustal W
and Clustal X version 2.0. Bioinformatics, 23(21): 2947-2948.

Lee AC, Liao LM & Tan KS (2009) New records of marine algae
on artificial structures and intertidal flats in coastal waters of
Singapore. The Raffles Bulletin of Zoology, 22: 5-40.

Ng PK, Lim PE, Kato A & Phang SM (2013) Molecular evidence
confirms the parasite Congracilaria babae (Gracilariaceae,
Rhodophyta) from Malaysia. Journal of Applied Phycology,
26: 1287-1300.

Ng PK, Lim PE & Phang SM (2014) Radiation of the red algal
parasite Congracilaria babae onto a secondary host species,
Hydropuntia sp. (Gracilariaceae, Rhodophyta). PLoS ONE,
9(5): €97450.

Poong SW, Lim PE, Phang SM, Sunarpi H, West JA & Kawai H
(2013) A molecular-assisted floristic survey of crustose brown
algae from Malaysia and Lombok Island, Indonesia based on
rbcL and partial cox1 genes. Journal of Applied Phycology,
26: 1231-1242.

Swofford DL (2002) PAUP*: Phylogenetic Analysis Using
Parsimony (*and Other Methods). Sinauer Associates,
Sunderland, Massachusetts.

Tan J, Lim PE & Phang SM (2013) Phylogenetic relationship of
Kappaphycus Doty and Eucheuma J. Agardh (Solieriaceae,
Rhodophyta) in Malaysia. Journal of Applied Phycology,
25(1): 13-29.

15

Terada R, Yamamoto H & Maraoka D (1999) Observations on
an adelphoparasite growing on Gracilaria salicornia from
Thailand. In: Abbott IA (ed.) Taxonomy of Economic Seaweeds
with Reference to some Pacific Species. Volume VII. California
Sea Grant College Program, La Jolla, California. Pp. 121-130.

Van Oppen MJH, Draisma SGA, Olsen JL & Stam WT (1995)
Multiple trans-Arctic passages in the red alga Phycodrys
rubens: evidence from nuclear rDNA ITS sequences. Marine
Biology, 123: 179-188.

Yamamato H (1986) Congracilaria babae gen. et. sp. nov.
(Gracilariaceae), an adelphoparasite growing on Gracilaria
salicornia of Japan. Bulletin of the Faculty of Fisheries,
Hokkaido University, 37(4): 281-290.

Yamamoto H (1991) Observation on the adelphoparasite
Congracilaria babae Yamamoto (Gracilariaceae, Rhodophyta)
of the Philippines. Japanese Journal of Phycology, 39: 381-384.

Yamamoto H & Phang SM (1997) An adelphoparasitic alga
growing on Gracilaria salicornia from Malaysia. In: Abbott
IA (ed.) Taxonomy of Economic Seaweeds with reference to
some Pacific and Caribbean species. Volume VI. California
Sea Grant College Program, La Jolla, California, pp. 91-96.

Zuccarello GC, Sandercock B & West JA (2002) Diversity
within red algal species: variation in world-wide samples of
Spyridia filamentosa (Ceramiaceae) and Murrayella periclados
(Rhodomelaceae) using DNA markers and breeding studies.
European Journal of Phycology, 37: 403—417.

Zuccarello GC, Moon D & Goff LJ (2004) A phylogenetic study
of parasitic genera placed in the family Choreocolacaceae
(Rhodophyta). Journal of Phycology, 40: 937-945.



