
INTRODUCTION

The most recent version of NCBI (National Center for
Biotechnology Information), November 2005, that con-
tains information from several international databases
(GenBank, European Molecular Biology Laboratory, and
DNA DataBank of Japan) exceeds 100 gigabases in size.
This database is predicted to grow exponentially in the
upcoming years [www.ncbi.nlm.nih. gov/Genbank/
index.html]. Nearly 50% of the total sequences available
in NCBI come from more than 300 complete genomes
that have been deposited since 2000 (Benson et al. 2006).
During 2005 and early 2006, more than 80 genomes were
sequenced to completion, including 9 eukaryotic species
[www.genomesonline. org]. 

Analyses of genome data have diverse aims, such as
the elucidation of gene homology, detection of polymor-
phisms, gene content, assignment of potential function
(annotation), gene arrangements (clusters), expression
profiles, evolutionary history, and to contrast genome
data (comparative genomics). The management of large
amounts of sequence data requires the use of practical

informatics and computational approaches. In the last
decade several computational tools for similarity and
pattern searches have been developed to analyze com-
prehensively the large amount of information contained
in genome sequences, giving rise to the field of bioinfor-
matics. The spread of sequence homology-search algo-
rithms (by similarity) such as the rigorous FASTA
(Pearson and Lipman 1988) or less rigorous but faster
BLAST (Altschul et al. 1990) to survey the public databas-
es has had an unprecedented impact in evolutionary
biology, as well as on structural and molecular biology,
allowing the rapid identification and retrieval of homolo-
gous sequences from the immense databases. At the
same time, the development of multiple sequence align-
ment programs facilitated the identification of conserved
regions with potential functional or structural signifi-
cance, an invaluable source of data to test hypotheses
regarding molecular homology. These and other bioinfor-
matics tools ultimately accelerated the field of phyloge-
netics and evolutionary biology.

GENOMICS SCIENCES

The 1.8 megabase pair (Mbp) genome of the gamma-
protobacterium Haemophilus influenzae was the first to be
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completed (Fleischmann et al. 1995). These data heralded
the arrival of “genomics”, and during subsequent years
several other microbial genomes were sequenced to com-
pletion including that of the model bacterium Escherichia
coli K12 (4.6 Mbp and 4,288 protein coding genes;
Blattner et al. 1997). In addition, within an interval of 6
years (1992-1998) the 16 chromosomes (12.1 Mbp) of the
budding yeast Saccharomyces cerevisiae were determined,
constituting the first fully sequenced eukaryotic genome.
Analyses demonstrated that the yeast genome resulted
from an ancient duplication, and also revealed that the
complete set of genes for this free living eukaryote is
around 6,000 open reading frames (ORFs) (Goffeaeu
1996) The complete genome of the first multicellular
eukaryotes were assembled in the late nineties and early
in this century; i.e., the nematode worm Caenorhabditis
elegans (97 Mbp and 19,000 genes) (C. elegans Sequence
consortium, 1998), the fruit fly Drosophila melanogaster (120
Mbp, ~13,600 genes) (Adams et al. 2000), the angiosperm
Arabidopsis thaliana (125 Mbp and 25,500 genes)
(Arabidosis initiative 2000) and human (2,900 Mbp and
20,000 to 25,000 genes; Lander et al. 2001, Venter et al.
2001). Currently, 102 eukaryotic genomes have been
sequenced (the majority are in the assembly process)
with most of them limited to fungi, animals, and land
plants with relatively sparse sampling of other eukaryot-
ic groups. In addition there are 177 projects underway
for eukaryote species including several photosynthetic
taxa (http://www-users.york.ac.uk/ ~ct505/PhD_
Project5/Eukaryote_Homepage.htm)

The genomes of the red alga Cyanidioschyzon merolae
(Matsuzaki et al. 2004) and of the green alga
Chlamydomonas reinhardtii comprise two primary photo-
synthetic eukaryotes (i.e., containing a plastid that result-
ed from the primary cyanobacterial endosymbiosis;
Bhattacharya et al. 2004) that have recently been complet-
ed (genome.jgi-psf.org/Chlre3/Chlre3.info. html). Apart
from their potential biomedical or economic importance,
these and other algal genome projects are providing key
data for groups of significant importance to understand-
ing the evolution of photosynthetic eukaryotes. Members
of the three Plantae lineages (red algae, green algae, and
glaucophytes; also referred to as Archaeplastida, Adl et
al. 2005) are currently under analysis in several genomic-
scale sequencing projects (complete genome or EST
libraries), and a similar situation exists for the principal
groups of alveolates (ciliates, dinoflagellates, and api-
complexans) and chromists (haptophytes, cryptophytes,
and stramenopiles; see Table 1). Coincident with the

release of the algal genome data, some comparisons have
been made to understand common characteristics of
these algae in an evolutionary context. Homology-based
analysis by BLAST search of the centric diatom
Thalassiosira pseudonana complete genome (11,242 genes)
against Cyanidioschyzon merolae (5,331 genes), Arabidosis
thaliana (25,500 genes) and the cyanobacterium Nostoc
sp., showed that 1,194 proteins are conserved among the
three photosynthetic eukaryotes and the cyanobacterium
(E value < 1e–5) with most of these involved in plastid
function and being potentially derived from the ancestral
endosymbiont (Ambrust et al. 2004). Similar comparative
analyses with the genomes of C. merolae, C. reinhardtii
(15,200 genes), and A. thaliana suggest that the majority
of genes involved with basic biological process are
orthologs among these taxa, but interestingly C. rein-
hardtii possesses a larger set of genes for DNA packing,
the cytoskeleton, and the flagellar apparatus, which
probably explains the increase in genome size in this
motile alga (Misumi et al. 2005). Recently, a genome simi-
larity evaluation of the pennate diatom Phaoedactylum tri-
cornutum (5,108 unique ESTs) against T. pseudonana
(Montsant et al. 2005), C. merolae, and C. reinhardtii, indi-
cated that both diatoms exclusively share 820 genes (16%
of P. tricornutum sequences analyzed by BLAST with an
E value < 1e–4). As expected, both diatoms have more
genes in common between them than with the other two
algae. Additionally, the diatoms show a higher sequence
similarity with genes in the red alga than with the green,
likely indicating a red algal ancestry of genes derived
from the chromalveolate secondary endosymbiosis
(Montsant et al. 2005). However, when considering the
testing of evolutionary hypotheses, BLAST analyses of
genomic data comprise significantly weaker and poten-
tially misleading criteria when compared to the use of
robust phylogenetic inference. The latter approach has
been shown to outperform homology search methods
due to ambiguities caused by ancient gene duplications
(paralogy), biased base composition, or lateral gene
transfer (Eisen 1998; Zmasek and Eddy 2002; Sjolander
2004). 

THE EMERGENCE OF PHYLOGENOMICS

Phylogenomics is the convergence of the Genomics
Sciences (the study of the function and structure of genes
and genomes) and Molecular Phylogenetics (the study of
the hierarchical evolutionary relationships among organ-
isms, their genes and genomes). The use of phylogenetics
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to drive comparative genome analyses facilitates the
reconstruction of the evolutionary history of genes, gene
families, and organisms. Equally important, phyloge-
nomics is used for gene annotation, prediction of molec-
ular function, reconstruction of metabolic pathways, and
ultimately, to correlate function with changes in molecu-
lar structure (Eisen 1998). Phylogenomics has become a
relevant approach given the thousands of predicted
hypothetical proteins that are identified using genome-
scale projects in the absence, in most cases, of functional
information or the associated annotation. From the per-
spective of algal phylogeny, the emerging vast amounts
of sequence information from a growing number of
diverse genomes creates an ideal opportunity to evaluate
evolutionary relationship among algal groups (e.g.,
Plantae, Rodriguez-Ezpeleta et al. 2005; chromalveolates,
Li et al. 2006) through the automated phylogenetic analy-
ses of whole protein repertoires (i.e., the phylomes). 

In addition to providing access to genome data, phy-
logenomics requires adequate bioinformatics tools to man-
age and process the sequence information and to gener-
ate an efficient high-throughput approach for genome-
wide phylogenetic analyses. Once the query genome
data has been defined, organized and annotated, a set of
fundamental requirements can be identified to carry out
the first round of a phylogenomic analysis: 1) The design
and assembly of adequate genome database to be used as

reference for the phylogenetic analyses (i.e., including
predicted ingroup and outgroup taxa). For the algae very
few complete sequences are presently available, but the
results of a number of EST projects can be included (e.g.,
Hackett et al. 2004; Yoon et al. 2005; Li et al. 2006), along
with reference genomes such as Opisthokonta, bacterial,
and archaeal genomes. 2) Identification and gathering of
homologous sequences by similarity searches (BLAST
search) against the genome database. The similarity cut-
off (e.g., BLAST E value < 1e–10) is critical to obtain accu-
rate results in the subsequent steps (Martin et al. 2002). 3)
A fundamental requirement to obtain reliable phyloge-
netic hypotheses is the generation of high quality multi-
ple sequence alignments. The most widely used algo-
rithm for multiple sequence alignment is the global pro-
gressive pairwise strategy (e.g., CLUSTALW, Chenna et
al. 2003), but the use of any accurate alignment algorithm
is feasible. In this regard, it has been suggested that pro-
tein sequences with > 30% identity in pairwise compar-
isons allows satisfactory alignment matches that are con-
sistent with structural conservation (Sjolander 2004). 4)
Construction of phylogenetic trees. The primary phylo-
genetic inference method for several thousand multiple
alignments should use a fast method such as neighbor
joining; i.e., given the high number of expected topolo-
gies and the subsequent bootstrap analyses. 5) Selection
of the trees with significant statistical support for partic-
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Fig. 1. A typical phylogenomic pipeline. An important characteristic of this particular pipeline is the ability to modify the local
genomic database in order to test different phylogenetic hypotheses. The analysis of thousands of bootstrapped phylogenetic
trees is a critical step to carry out the next round of detailed analyses using maximum likelihood or maximum parsimony meth-
ods. The assembled software is publicly available (see text for details).



ular sub-trees. The essential step of tree selection
requires an exhaustive analysis to identify all candidate
phylogenies. Thereafter, the alignments of interest are
used for in-depth analyses that incorporate the available
taxon sampling and are analyzed under other optimality
criterion such as maximum parsimony or maximum like-
lihood to obtain accurate phylogenetic results. Figure 1
summarizes using a flow diagram the bioinformatic
pipeline presently in place in our lab to analyze genome
data.

SOFTWARE TOOLS

There are several freely available computational tools
that can be used to assemble a computational pipeline for
phylogenomics. In the following section we do not
describe the software used to process raw genome
sequence data but assume the availability of processed
and annotated genome sequences that are ready for the
phylogenomics pipeline (Figure 1). 

Some hardware considerations
Today it is possible to store complete genome

sequence data to a local hard drive for subsequent analy-
sis. For example, the greater than 25,000 genes of
Arabidopsis thaliana (www.ncbi.nlm.nih.gov/Genomes/)
comprise a single text file that is only 15 megabytes in
size. A typical local genome database that includes most
relevant prokaryotic and eukaryotic taxa (e.g., 25 indi-
vidual sets of genome and EST data) has a size of around
250 megabytes and is easily handled by modern comput-
ers. The critical space requirements come from the phylo-
genetic analyses and the massive output files that con-
tain similarity search results, multiple sequence align-
ments, and thousands of phylogenetic trees. These may
require up to 10 gigabytes of hard drive space for a typi-
cal analysis.

The core programs
The Similarity search for homolog identification is typ-

ically performed using BLAST (Basic Local Alignment
Search Tool), which is available for local setup under
most commonly used operating systems (www.ncbi.nlm.
nih.gov/BLAST/download.shtml). BLAST is a very ver-
satile tool and allows the use of DNA or protein
sequences as the query or as a database. The extended
use of and free access to the CLUSTAL series of pro-
grams (Chenna et al. 2003), makes them the obvious
choice for the multiple alignment of identified homolo-

goues sequences (ftp-igbmc.u-strasbg.fr/pub/ClustalX/).
However, there-are other options, such as T-COFFEE
(Notredame et al. 2000; igs-server.cnrs-mrs.fr/~cnotred/
Projects_home_page/t_coffee_home_page.html) or
MUSCLE (Edgar 2004; www.drive5.com/muscle/),
which are also publicly available. The subsequent phylo-
genetic analyses require the use of distance criteria as a
first estimation (Neighbor-Joining or Minimum
Evolution) to assess the confidence in topologies within a
reasonable time frame. There are no theoretical limita-
tions on the use of parsimony or likelihood methods in
phylogenomics, but the current algorithms, including the
fastest (e.g., PHYML, http://atgc.lirmm.fr/phyml/),
would increase significantly the amount of computing
resources and the processing time. Several types of pub-
lic domain software are available to compute distance
matrices and to construct distance phylogenetic trees.
The final output of the phylogenomic analysis should
include thousands of trees and the ideal approach with
these data is to select the trees of particular interest. To
do this, tools are needed that automate the tree search
and testing for the presence/absence of specific topolo-
gies. The absence of these computing tools is currently a
limiting step. However there are some existing algo-
rithms that are designed to search for patterns among
unordered trees (where the branching order of sister
clades inside nodes does not matter) that could be useful
for phylogenomic tree inspection (cs.nyu.edu/cs/facul-
ty/sasha/papers/treesearch.html and www.aria.njit.
edu/biotool), which has been modified to retrieve infor-
mation from the public phylogenetic tree catalog
TreeBASE (www.treebase.org). Our group is currently
working on methods to link these types of algorithms for
automated tree selection to the phylogenomics output.

The idea of a phylogenomic pipeline implies the cre-
ation of small but efficient computing programs (scripts)
that automatically link the core software for high
throughput analyses (Fig. 1). These scripts should ideally
contain points of control to check the generated files dur-
ing or after the process. There are some pipeline scripts
available, and all of them share the central scheme of
identifying and selecting homologs in a query genome,
to generate multiple sequence alignments, and to esti-
mate phylogenetic trees and their branch support. For
example, PyPhy (Sicheritz-Ponten and Anderson 2001;
www.cbs.dtu.dk/staff/thomas/pyphy/) is a Python
script that incorporates an useful graphic interface and
incorporates the use of PAUP* for phylogenetics
(Swofford 2001), which permits distance or parsimony
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tree estimation. The use of PAUP* however requires a
private license. PyPhy makes use of the accurate annotat-
ed protein database Swissprot /TrEMBL (ca.expasy.org/
sprot/) as the sampling reference. Additionally, PyPhy
allows the search for particular tree categories through
the hierarchical classification of results and provides
links to the annotation tables and biochemical pathway
information included in KEGG (www.genome.jp/
kegg/). Another application is RIO (Zmasek and Eddy
2002: www.genetics.wustl.edu/eddy/forester/), a Perl
script that connects several publicly available programs
and focuses primarily on automated phylogenomics for
the functional organization of orthologs. RIO uses the
bootstrap resample gene trees approach to assess the
consistency of orthology assignment, taking into account
the information of high quality alignments and pre-cal-
culated distance matrix from the Pfam database (www.
sanger.ac.uk/Software/Pfam/). 

In our lab, phylogenomics research has been carried
out using the flexible PhyloGenie (Frickey and Lupas
2004; http://protevo.eb.tuebingen.mpg.de/download)
Perl script, that, in contrast to PyPhy and RIO, allows the
user to assemble particular genome database as refer-
ence, which offers the flexibility to test specific phyloge-
netic hypotheses. This facilitates the choice of reference
genomes to avoid taxon sampling bias and the inclusion
of uninformative or redundant genome data. The phylo-
genetic estimation capabilities of PhyloGenie include dis-
tance (Neighbor-Joining) and maximum likelihood crite-
ria (TreePuzzle) (Schimidt et al. 2002; www.tree-
puzzle.de). As described above, the pipeline scripts
require local installation of the core software for
sequence analyses.

ALGAL PHYLOGENOMICS

Currently, genome projects (complete or EST) for 50
algae and their non-photosynthetic relatives are under-
way. The 41 genera are distributed among the major
photosynthetic eukaryote lineages, such as Plantae (13
greens + 3 reds + 2 glaucophytes), Chromista (6),
Alveolates (5 apicomplexans + 4 dinoflagellates + 3 cili-
ates), Haptophyta (3), and Cryptophyta (2; see Table 1). 

Recent findings
The proposed photosynthetic ancestry of alveolates

(i.e., the “chromalveolate” hypothesis; Cavalier-Smith
1999) provides a framework to search for cyanobacterial-
derived genes in the genome of non-photosynthetic

members of this lineage such as the apicomplexans, in
particular for species lacking the remnant apicoplast. A
recent phylogenomic analysis of the predicted 5,591 pro-
teins of the apicomplexan Cryptosporidium parvum
revealed the presence of 7 proteins potentially trans-
ferred from the ancestral secondary plastid genome to
the nucleus. Interestingly, all of these proteins lack the
typical transit peptide for import into the apicoplast, pro-
viding evidence for the loss of this organelle in C.
parvum. Additionally, 24 genes of bacterial origin (non-
cyanobacterial) from probable horizontal gene transfers
(HGTs) were identified in C. parvum (Huang et al. 2004).
The genes of cyanobacterial (i.e., endosymbiotic) origin
constitute only 0.7% of the 954 trees generated with the
PyPhy database, indicating that loss of the apicoplast
resulted in the attendant loss of nuclear genes encoding
apicoplast targeted proteins. In a broader context it is
possible that the complete loss of the plastid in taxa such
as the ciliates may also result in the massive (or com-
plete) loss of plastid targeted proteins.

Recent findings in our lab have documented the
migration of typical plastid encoded genes to the nuclear
genome of the peridinin containing dinoflagellate
Alexandrium tamarense, which probably occurred after the
split of dinoflagellates and apicomplexans. The analysis
of a unique set of 6,480 ESTs identified 48 typical plastid
genes encoded in the nuclear genome of A. tamarense, 15
of which are encoded in the plastid genome of all other
photosynthetic eukaryotes. Moreover, the phylogenetic
analyses indicated different origins for plastid-targeted
proteins; i.e., the genes atpI, atpF and psbO have the
expected red-algal ancestry whereas, ALA dehydratase
and tufA have a green-algal origin (Hackett et al. 2004).
Other plastid-targeted proteins have an unresolved
ancestry, but indicate likely green or red algal origins.
These data combined with the well-established plastid
replacements in some photosynthetic dinoflagellates
(Chesnik et al. 1996; Watanabe 1987; Hackett et al. 2003)
open several questions about genome evolution. For
example, it is not yet known whether the genes acquired
from the original red algal secondary endosymbiont
were conserved in the nucleus or ortholog substitutions
occurred after the establishment of the new plastid (for
details, see Hackett et al. 2004).

Our most recent phylogenomic analysis focused on
identifying cases of endosymbiotic gene transfer in the
chromalveolates, using a 5,081 EST unigene set from the
haptophyte alga Emiliania huxleyi (Li et al. 2006) and
genome data from other chromalveolates such as A.
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tamarense (Hackett et al. 2004), Karenia brevis (Lidie et al.
2005) and T. pseudonana (Armbrust et al. 2004). The
results of this study indicate that the majority of the
nuclear encoded plastid-targeted proteins have a red-
algal origin (17 proteins), whereas two genes have a
green-algal ancestry. These results support a red algal
origin of the chromalveolate plastid with a relatively
minor contribution from green algae (potentially through
lateral gene transfers), thereby reinforcing evidence of a
common origin of the plastid from other studies (e.g.,
Fast et al. 2001; Harper et al. 2005; Yoon et al. 2002;
Hackett et al. 2004). 

In summary, although the data are still relatively mea-
ger, the emerging trend is for a continued expansion of
algal genome sequences in the coming years. The avail-
ability of these and other genomes will undoubtedly
drive the development of phylogenomics tools, which
stand to become one of the pre-eminent approaches for
understanding algal gene and genome origin and evolu-
tion.
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Scytosiphon gracilis Kogame (1998: 39)

Holotype: SAP 059720 (collected on 1 February 1990).
Type locality: Ohma, Aomori Prefecture, Japan.
Distribution: Japan (Kogame 1998), Korea (Cho et al.

2001; Cho et al. 2002) and Mexico (this paper).
Japanese name: Usukayamo.
Korean name: Ganeunmiyeoksil.
Specimens examined: Playa Saldamando, Baja

California, Mexico (Raul Aguilar Rosas & Luis E. Aguilar
Rosas, CMMEX 4438, 31.I.2003).

The brown alga Scytosiphon gracilis Kogame was
initially described from Japan by Kogame (1998), and it
was subsequently reported only from Korea (Cho et al.
2001, 2002). In this study we report the occurrence of this
species in Mexican waters (eastern Pacific Ocean).

Plants of S. gracilis were collected from the upper to
the middle intertidal zone of Saldamando Beach, Baja
California, Mexico (Fig. 1), during January 2003. Some
specimens were fixed and preserved in 4% formaldehyde-
seawater for further observations. For DNA extractions,

specimens were air-dried and preserved in silica crystals.
The preserved material was stained with 1% aqueous
aniline blue acidified with diluted HCl for light
microscopy. Photographs were taken with a digital
camera (Sony DSC-S85, Tokyo, Japan) attached to a Zeiss
light microscope (Axioscop 40, Goettingen, Germany).
Specimens were deposited in the Herbarium CMMEX of
the Faculty of Marine Science of the Autonomous
University of Baja California, in Ensenada, Baja
California, Mexico (Holmgren et al. 1990). 

The protocol established by Cho et al. (2001) was
followed for the DNA extraction, sequencing and data
analyses. To determine the best model for the maximum
likelihood analysis, the MODELTEST program (V3.04,
Posada and Crandall 1998) was used with Scytosiphon
and related species from Korea and Japan to compare
with two Mexican species of Scytosiphon collected from
Saldamando Beach and Popotla (Baja California, Mexico)
in January 2003. Under the GTR + I + Γ model, the
phylogenetic tree was constructed using heuristic
searches with 10 random addition sequence replicates
and tree bisection-reconnection (TBR) branch swapping.
Bootstrap analyses (Felsenstein 1985) were undertaken
with 1,000 replicates using the same parameters for each
phylogenetic analysis.
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The following observations were based on field
collected plants and molecular analysis (plastid-encoded
RuBisCO spacer sequences). Plants have many clustered,
erect thalli that grow on rocks in the upper and middle
intertidal zones of moderately exposed or sheltered
areas. They are flattened, unbranched, hollow, twisted in
the upper part, up to 10 cm tall and 1-1.2 mm wide (Fig.
2), and yellowish-brown in color. Thalli consist of a
cortex composed of 1-3 layers of small, angular to
rectangular, pigmented cells and a medulla composed of
2-3 layers of large colorless cells. In cross-section,
medullary cells were round to oval, 25-34 x 24-42 µm in
size. Thalli attached to substrate with rhizoidal filaments
arising from the outer cortical cells near the base of the
thallus. Phaeophycean hairs were solitary or grouped on
the surface. Reproductive structures were not found in
the specimens examined.

The genus Scytosiphon is distinguished by cylindrical
to compressed hollow thalli, sori with unicellular
paraphyses and abundant phaeophycean hairs (Kogame
1998), and currently includes seven species: S.
canaliculatus (Setchell and Gardner) Kogame, S.
complanatus (Rosenvinge) Doty, S. crispus Skottsberg, S.
dotyi Wynne, S. gracilis Kogame, S. lomentaria (Lyngbye)
Link and S. tenellus Kogame (Kogame 1998; Cho et al.
2002). Prior to this study, only S. dotyi and S. lomentaria
have been reported for the Pacific coast of Mexico

(Abbott and Hollenberg 1976; Aguilar-Rosas 1982;
Stewart and Stewart 1984; Aguilar-Rosas and Aguilar-
Rosas 1994).
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Fig. 1. Map showing the sampling site on the western coast of
Baja California, Mexico.

Fig. 2. Scytosiphon gracilis Kogame. Thalli collected on 31
January 2003 from the intertidal zone of Playa Saldamando,
Baja California, Mexico. Scale = 2 cm. 

Fig. 3. Maximum likelihood tree for Scytosiphon and relatives
estimated from the RuBisCO spacer data (GTR + I + Γ
model, -Log likelihood = 2027.6458; I = 0.585178; Γ =
2.64104; A ↔ C = 2.304107, A ↔ G = 3.696195, A ↔ T =
1.088289, C ↔ G = 1.905198, C ↔ T = 6. 521173, G ↔ T = 1).
Bootstrap values (1,000 replicates) are on the branches.



Our specimens of S. gracilis from Baja California fit the
descriptions of this species from Japan (Kogame 1998)
and Korea (Cho et al. 2002). Moreover, the DNA
extraction and sequencing results for S. gracilis from Baja
California are identical to the sequences shown by Cho et
al. (2001) for Korean samples (BP = 100) (Fig. 3). The
maximum-likelihood analysis revealed the close
relationship between S. gracilis and Petalonia zosterifolia
(Reinke) Kuntze (BP = 74); however, these two species
differ in the structure of the thallus and the presence/
absence of paraphyses (Cho et al. 2002). Overall topology
of the other members of Scytosiphonaceae was similar to
those of Kogame et al. (1999) and Cho et al. (2001).
Detailed discussion about the phylogenetic relationship
at the genus level is beyond of this study.  

Scytosiphon gracilis may be a winter-spring species at
Saldamando Beach, as in Japan (Kogame 1998) and
Korea (Cho et al. 2002). Until now, S. gracilis has been
reported only from Japan and Korea, but the population
found in Mexican waters extends its distribution to the
eastern Pacific Ocean. Detailed field collections may
extend the areas of distribution along the Baja California
coastline. Due the active shipping between Asia and
Mexico and the proximity of study area to Ensenada port,
the occurrence of S. gracilis on the Pacific coast of Mexico
suggests a recent introduction (Hommersand 1972).
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INTRODUCTION

The genus Martensia (Delesseriaceae, Rhodophyta)
was established on the basis of M. elegans Hering (1841)
from Port Natal, South Africa, and is characterized by
the blades consisting of membranous parts and lattice-
work, the absence of microscopic veins or nerves on the
membranous parts, and reproductive structures that are
generally formed on the latticework. The monographic
study of Martensia by Svedelius (1908) describes the
genus in detail. Svedelius (1908) investigated the process
of latticework formation, the structure of the latticework,
and the reproductive structures. The tribe Martensiae
Wynne (2001) comprises three genera: Neomartensia
Yoshida et Mikami and Opephyllum Schmitz in Schmitz et
Hauptfleisch, and Martensia Hering, and is characterized
by thalli with marginal growth, without nerves or veins,
and with reticulate organization (Wynne 2001; Lin et al.
2001b). Papenfuss (1950) clarified the nomenclature of
Martensia Hering (nom. cons.), although it was replaced
at one time by the generic names Hemitrema Brown (in

Endlicher 1843), Mesotrema J. Agardh (1854), and
Capraella De Toni (1936). 

Since the classification by Hering (1841), the genus
referred to as Martensia includes the following 16 species:
M. beccariana Zanardini (1878), M. denticulata Harvey
(1855), M. flabelliformis Harvey ex J. Agardh (1863), M.
gigas Harvey (1863), and M. speciosa Zanardini (1874)
from the South Pacific; M. australis Harvey (1855), M. ele-
gans Hering (1841), M. fragilis Harvey (1854), and M. indi-
ca Krishnamurthy et Thomas (1977) from the Indian
Ocean; M. pavonia J. Agardh (1854) from the Atlantic
Ocean; and M. lewisiae Lin, Hommersand et Fredericq
(2004), M. formosana Lin, Hommersand et Fredericq
(2004), M. bibarii Y. Lee (2004), M. jejuensis Y. Lee (2004),
M. palmata Y. Lee (2005), and M. projecta Y. Lee (2005)
from the North Pacific. De Toni (1900) reported M. becca-
riana and M. gigas as ‘species inquirendae,’ on which no
more records have been published to date. Recently,
Millar (1990) reported that M. speciosa and M. australis
are conspecific because the topotype collections of M.
speciosa were identical to the type collections and illustra-
tions of M. australis by Harvey (1855, p. 537; 1858, pl. 8).
Millar (1990) also proposed that M. fragilis, M. pavonia,
and M. denticulata are conspecific because the lectotype
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collections of these three species were identical in all
respects. Yoshida and Mikami (1996) established the new
genus Neomartensia on the basis of M. flabelliformis, which
forms caposporangia in short chains and has vegetative
cells that are irregularly arranged. However, the genus
Neomartensia was not widely accepted (Lin et al. 2004).
On the other hand, Lin et al. (2001b) transferred
Opephyllum martensii Schmitz in Schmitz et Hauptfleisch
(1897), which is the type species of the genus Opephyllum,
to the genus Martensia on the basis of comparative mole-
cular analyses of both chloroplast-encoded rbcL and
nuclear large-subunit ribosomal DNA (LSU rDNA).
Consequently, eleven species of Martensia are currently
recognized. 

In Korea, Chyung and Park (1955) reported Martensia
denticulata Harvey at the Meeting of the Korean Society
of Biology in 1954 and gave it the Korean name
‘Maltensi’. Latter, M. denticulata was reported from the
southern coast of Korea and Jeju Island (Rho 1958; Kang
1960; Kang 1966; Kang 1968; Noda 1966, Lee 1976; Koh
1990; Lee et al. 1990; Lee and Koh 1991; Park et al. 1994).
Kang (1962) changed the Korean name for Martensia den-
ticulata to ‘Bidanmangsa’ and this name is currently
used. Recently, four new species of Martensia, i.e., M.
jejuensis Y. Lee, M. bibarii Y. Lee, M. palmata Y. Lee, and
M. projecta Y. Lee, have been described from Jeju Island,
Korea (Lee 2004; Lee 2005). This paper provides a diag-
nostic key for the nine species of Martensia that occur on
Jeju Islnad.

MATERIAL AND METHODS

Plants were collected in the subtidal region of Jeju
Island, Korea, between 2000 and 2004. All plants had
subtidal habitats and were therefore collected by scuba
diving. The samples were kept in seawater during trans-
port to the laboratory because they die easily and discol-
or when exposed to air. The collected samples were
immediately fixed in 5% formalin/seawater for 3-5 days.
Most of the fixed samples were prepared as dried
herbarium specimens. Sections of thallus were cut using
a bench-top freezing microtome (MFS no. 222; Nippon
Optical Works, Tolyo, Japan). Sections and parts of speci-
mens were mounted on glass slides in 50% corn syrup
solution. Olympus research microscopes (BX50F(3,
BX50F4; Olympus Optical Co., LTD, Japan) with photo-
graphic apparatus (Olympus PM(C35DX, PM(P20,
PM(20; Olympus Optical Co., LTD, Japan) were used to
observe the thalli. The length and breadth of the vegeta-

tive cells was measured from the surface view. The thick-
ness of the vegetative cells was measured from trans-
verse or longitudinal sections. The images of wet-pre-
served or pressed specimens were captured using a cam-
era (Nikon F2; Nikon, Tokyo, Japan) mounted on a
photo-stand. All collections examined were deposited in
the Herbarium of the Department of Life Science, Cheju
National University, Korea. 

Pieces of thalli from the dried herbarium sheets were
used for molecular analyses. The samples were frozen in
liquid nitrogen and stored at -70°C until DNA isolation.
Total DNA was extracted using the SV Genomic DNA
Purification System (Promega, USA), according to the
manufacturer’s instructions. The sequence boundaries of
internal transcribed spacer (ITS) 1 regions were deter-
mined by comparing them to published sequences of
various algae (Saunders et al. 1996; Freshwater et al.
1999). The sequences were aligned using the program
Clustal W (Thompson et al. 1994) and then adjusted man-
ually to align several conserved regions. Sites with miss-
ing data or gaps were excluded from all analyses.
Sequence divergence among the taxa was calculated
using the program DNADIST in PHYLIP 3.572
(Felsenstein 1993), and the numbers of nucleotide substi-
tutions were estimated using Kimura’s two-parameter
method (Kimura 1980). A transition/transversion ratio of
2.0 was used. A bootstrap analysis of these data was
done using 1000 resampled datasets, generated using the
SEQBOOT program (Felsenstein 1993), before calculating
the distance matrices and neighbor-joining trees. The
resulting matrices were subsequently subjected to maxi-
mum parsimony analysis using the program DNAPARS
(Felsenstein 1993). The program CONSENS in PHYLIP
was then used to construct a strict consensus tree.

RESULTS AND DISCUSSION

Martensia Hering 1841: 92, nom. cons.
Martensia Hering 1841: 92; Kützing 1849: 888; Harvey

1855: 537; J. Agardh 1863: 825; De Toni 1900: 612; De Toni
1924: 320; Papenfuss 1950: 182; Wynne 1983: 441; Millar
1990: 416; Yoshida and Mikami 1996: 101; Wynne 1996:
177; Womersley 2003: 95; Lin et al. 2001a.

Synonyms: Hemitrema R. Brown in Endlicher 1843: 50.
Mesotrema J. Agardh 1854: 110. Papenfuss 1942: 448.
Capraella De Toni 1936.
Opephyllum Schmitz in Schmitz et Hauptfleisch 1897:

410. (see Lin et al. 2001b: 595).
Type species: M. elegans Hering 1841: 92.
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Korean name: Bidanmangsa (비단망사).
Hering (1841) circumscribed the genus Martensia as

‘Frons plana, areolata, avenia, margine fenestrata; fructus
duplex; sphœrospermia longitudinaliter in reticulo simplici
serie disposita; capsulœ sphœricœ, reticulo affixœ, sporidia
subglobosa foventes.’ It is estimated from the above
description that the thallus of Martensia consists of a
membranous section and latticework organization and
produces tetrasporangia and cystocarps on the lattice-
work. Also, we assume that the gametophyte and
tetrasporophyte of Martensia are isomorphic. More
recently, the genus Martensia has been circumscribed by
the blades of the thallus partitioned into distal lattice-
work and proximal membranous section, growth by
means of marginal rows of obliquely dividing apical
cells, macro- and microscopic veins lacking, tetrasporan-
gia borne on both membranous section and latticework,
and cystocarps borne on latticework (Wynne 1983,
Millar1990). Yoshida and Mikami (1996) established the
genus Neomartensia on the basis of M. flabelliformis
Harvey ex J. Agardh (1863), which has carposporangia in
short chains and vegetative cells that are variable in size
and irregularly arranged. Consequently, vegetative cells
that are regularly stacked in anticlinal lines and terminal-
ly-borne carposporangia also characterize the genus
Martensia. Lin et al. (2004) ascribed Opephyllum martensii
Schmitz in Schmitz et Hauptfleisch (1897) to Martensia on
the basis of the results of comparative molecular analy-
ses of both chloroplast-encoded rbcL and LSU rDNA.
Thus, the latticework organization and cystocarps borne
within the latticework are no longer taxonomic charac-
ters of Martensia because O. martensii has a thallus that is
perforated, but lacking the latticework organization. The
latticework of M. bibarii and M. projecta may not be
involved in the production of reproductive structures
(Lee 2004; Lee 2005).

Vegetative morphology
Thalli: The thalli of Martensia grow solitarily or in fair-

ly broad populations on rocks and shells, or they are epi-
phytic on other algae near sand substratum in 5~20 m
deep subtidal regions. The thalli are white, purplish-
blue, or yellowish-brown with fluorescence and have a
peculiar odor in live specimens. In M. elegans, M.
australis, M. formosana, M. fragilis, M. palmata, and M. pro-
jecta, the thalli have a bunch of several blades and grow
in clusters, whereas those of M. lewisiae and M. albida sp.
nov. are caespitose. The thalli of M. jejuensis and M.
bibarii grow close to each other and appear in tufts on a

host thallus. In M. albida, M. australis, M. elegans, M. for-
mosana, M. fragilis, and M. lewisiae, the thalli consist of
several blades that arise from the lower prostrating parts
(Millar 1990; Lin et al. 2004). However, the thalli of M.
australis from Australia each consist of a single blade
(Millar 1990, fig. 52A). In M. palmata and M. projecta, the
thalli consist of several blades, but are easily segregated
into each blade because they may have no prostrating
blade. The thalli of M. flammifolia sp. nov. consist of a sin-
gle blade each, although they grow in clusters as bunch-
es of blades. The thalli of Martensia generally have no
stipes or stipe-like structures between the membranous
sections and the holdfasts. However, in M. indica, M. aus-
tralis, and Neomartensia flabelliformis, the thalli have stipes
(Krishnamurthy and Thomas 1977; Kützing 1869;
Yoshida and Mikami 1996; Womersley 2003: fig. 42E).
Some specimens of M. bibarii also had a stipe-like struc-
ture (Fig. 6A). The thalli may lose their color and fluores-
cence when they are fixed in 5% formalin/seawater and
become very soft and weak.  

The thalli of Martensia are attached to the substratum
by the holdfasts. The holdfasts of the thallus are formed
in bundles of short rhizoids or haptera of short filamen-
tous cells. The rhizoids are formed on thalli growing on
rocks or shells and are long, filamentous, multiseriate,
and simple or branched. The rhizoidal filaments develop
from the lowermost cells of the blade and are simple and
monosiphonous at the beginning of development.
Subsequently, the rhizoidal filaments elongate and
become polysiphonous with or without branches (Fig.
2C). The haptera are short, thick, unbranched, and arise
on the thalli of species that are epiphytic on other algal
thalli. The haptera are composed of several filamentous
cells, which coaglutinate together (Fig. 11F). In most thal-
li of Martensia, several discoid haptera are formed on
various surfaces of the blades and result in the tight
adhesion of the overlapping parts of the blades (Lee
2005, fig. 1G). 

Blades: The blades of the thallus in Martensia usually
are like cellophane when alive and become more or less
softened when fixed in 5% formalin/seawater. The
blades are partitioned into two sections: the proximal
membranous section and the distal latticework organiza-
tion; they are flabellate, with or without branches, rib-
bon-shaped, and without macroscopic and microscopic
ribs or veins. The latticework is absent on the blades of
M. martensii and M. flammifolia (Fig. 9A; Lin et al. 2001b).
However, in the blades of M. pavonia, the membranous
sections alternate with the latticework organization at
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least twice (Taylor 1960; Littler et al. 1989; Millar 1990). In
M. pavonia, there is no distinction between the second-
order membranous sections and the leading margins of
the first-order latticework. It means here that the second-
order bladelet is the miniature of the primary blades. In
M. fragilis, M. indica, and M. jejuensis, the second-order
bladelets are derived from spatulate projections with
short stalks, and are differentiated from the leading mar-
gins of the first-order latticework (Fig. 10B-D;
Krishnamurthy and Thomas 1977; Millar 1990; Lee 2004).
The blades in M. bibarii are band-shaped and laterally
give rise to several lobes with latticework (Lee 2004). The
blades are prostrate, overlapping decumbent, lobed, and
have a highly irregular outline in M. lewisiae and M. albi-
da (Fig. 2A; Lin et al. 2004). In M. indica, the blades have a
stipe between the membranous section and the holdfast
(Krishnamurthy and Thomas 1977). However, in M.
jejuensis, the free upper part of the longitudinal lamellae
of the latticework is somewhat thickened and shows a
stipe-like feature with several bladelets terminally and
laterally (Lee 2004). In M. australis, M. elegans, M. for-
mosana, M. jejuensis, and M. martensii, the blades are fan-
shaped, without branching, although at times they split
deeply (Harvey 1858; Kützing 1869; Millar 1990; Lin et al.
2001b; Lin et al. 2004; Lee 2004). The blades in M. fragilis
and M. indica branch dichotomously or subdichotomous-
ly and comprise somewhat linear to broadly cuneate seg-
ments (Harvey 1860, as M. denticulata; Svedelius 1908;
Krishnamurthy and Thomas 1977; Millar 1990). The
blades in M. projecta branch subdichotomously.

Membranous sections: The membranous sections of
the blades in Martensia are lamellate and lack wrinkles or
macro- and microscopic veins. These usually have even
and glossy surfaces, comprise one to several cell layers,
and have entire or dentate and slightly undulate mar-
gins. The membranous section increases in cell layers
and thickness toward the base. However, the membra-
nous sections in M. martensii, M. lewisiae, and M. flammi-
folia are entirely monostromatic, except in the region of
the holdfast and reproductive structures (Fig. 9F; Lin et
al. 2001b; Lin et al. 2004). Rarely, the membranous sec-
tions of the blades in M. projecta have uneven surfaces
with occasional small wart-like projections (Lee 2005).
The membranous sections in M. australis, M. elegans, M.
formosana, and M. martensii are fan-shaped without
branching (Harvey 1849; Harvey 1858; Kützing 1869;
Millar 1990; Lin et al. 2001b; Lin et al. 2004). In M.
jejuensis, the membranous sections of the first-order
blade are usually obtriangular, without branching (Lee

2004). The membranous sections in M. palmata are flabel-
late, with branching or lobes (Lee 2005). In M. fragilis, M.
indica, and M. projecta, the membranous sections are lin-
ear, with dichotomous or subdichotomous branches (Fig.
10A; Harvey 1860, as M. denticulata; Svedelius 1908;
Kützing 1869; Krishnamurthy and Thomas 1977; Lee
2005). In M. lewisiae and M. albida, the membranous sec-
tions are ribbon-shaped, decumbent, undulate, and
lobed upward (Fig. 2A; Lin et al. 2004). In M. bibarii, the
membranous sections are rather long, twisted and erect,
branched, and are lobed laterally (Lee 2004).
Consequently, the morphology of the membranous sec-
tion may be one of the characters for the discrimination
of Martensia species. Agardh J. (1863) used the morpho-
logical characters of the membranous sections to distin-
guish species of Martensia. 

In M. elegans, M. australis, M. lewisiae, M. formosana, M.
fragilis, M. flammifolia, M. martensii, and M. albida, the
membranous sections have entire margins (Kützing 1869;
Millar 1990; Lin et al. 2001b; Lin et al. 2004). In M. fragilis,
M. jejuensis, M. bibarii, M. palmata, and M. projecta, the
margins of the membranous section of the blade are
more or less undulate and have numerous projections
(Fig. 3; Harvey 1860, as M. denticulata; Svedelius 1908;
Lee 2004, Lee 2005). Moreover, the female thalli of M.
palmata and M. projecta have more projections than the
male or tetrasporangial thalli (Lee 2005). The projections
are spinelike, conical, or spatulate. The spinelike and
conical projections have an acute apex; this apex is sim-
ple or short projections protrude radially. The spatulate
projections of the membranous section have a stalk and
develop into bladelets in M. jejuensis (Lee 2004).
However, in M. palmata, the spatulate projections have
short projections on the distal margins and do not devel-
op into bladelets (Lee 2005).   

Vegetative cells: The vegetative cells are rather flat,
usually pentagonal to heptagonal with rather obtuse cor-
ners in the surface view, ellipsoid to oblong in the trans-
verse section, and have several pit-connections with
neighboring cells. The vegetative cells are generally
stacked in anticlinal lines, although they are arranged
somewhat irregularly in the stalks, stipe-like structures,
and holdfasts (Yoshida and Mikami 1996; Lee 2004). The
radial walls of the vegetative cells in M. lewisiae and M.
palmata are wrinkled and show irregularly lobed shapes
in the transverse section (Lin et al. 2004; Lee 2005). The
vegetative cells in the marginal region of the blades in M.
flammifolia include one to three glossy granules near the
cell walls (Fig. 9C). In transverse sections, the vegetative
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cells in blades consisting of more than three layers are
distinguished into central medullary cells flanked by cor-
tical cells. The cortical cells are generally thinner than the
medullary cells and contain chloroplasts. However, the
medullary cells in M. albida also contain numerous
chloroplasts.

Latticework: When the latticework begins to form, the
marginal cells in the distal region of the membranous
section elongate, undergo transverse divisions, and
become a series of cell-columns. The cell-columns are
composed of an apical cell and several intercalary cells.
The intercalary cells continue elongation and transverse
division, which results in elongation of the columns. The
apical cells are hemispherical and undergo various divi-
sions. The daughter cells from the apical cell divisions
contact the cells derived from the apical cells of the
neighboring columns and result in the initiation of the
leading margin of the latticework. At the stage of the
leading margin formation, the intercalary cells undergo
transversal and radial divisions and result in the initia-
tion of the longitudinal lamellae of the latticework. The
longitudinal lamellae are belt-shaped, two cell layers
thick, and elongated at a uniform width; their planes are
established perpendicularly to the planes of the membra-
nous sections and the leading margins. In M. jejuensis,
the distal parts of the longitudinal lamellae of the lattice-
work, which are free because of the fragmentation of the
leading margins and cross-connecting strands, are slight-
ly widened and dentate. Occasionally, the longitudinal
lamellae of the latticework in M. fragilis gradually widen
upward and are up to 5 mm wide, with dentate margins.
Spinelike projections that become cross-connecting
strands arise in the marginal region along the entire lon-
gitudinal lamellae. These spinelike projections develop
perpendicularly to the plane of the longitudinal lamellae,
contact the surface of the neighboring longitudinal
lamellae, and result in the cross-connecting strands of the
latticework. Thus, the mesh of the latticework is formed
by the series of processes described above. The cross-
connecting strands are variable in shape, and include lin-
ear, filamentous, and laminate strands. Generally, the
cross-connecting strands arise in both marginal regions
of the longitudinal lamellae and arrange in double lines
(Svedelius 1908; Lee 2004; Lee 2005). Occasionally, in
some species, additional cross-connecting strands are
formed from the center of the cross-connecting strands.
Lin et al. (2004) suggested that it may be of taxonomic
significance whether the formation of additional cross-
connecting strands is present (‘bidirectional orientation’)

or absent (‘unidirectional orientation’). The formation of
cross-connecting strands is bidirectional in M. pavonia,
M. formosana, and M. palmata and unidirectional in M.
lewisiae, M. bibarii, M. projecta, and M. albida (Børgesen
1919; Lin et al. 2004; Lee 2004; Lee 2005). 

The leading margins of the latticework are ribbon-
shaped, two cell layers thick, with somewhat uneven
outer edges, and run parallel to the planes of the mem-
branous sections. The leading margins of the latticework
in M. elegans and M. albida are rather narrow and the
outer edges are smooth (Figs 2H, 2I, 7C; Millar 1990). In
M. australis, M. lewisiae, and M. formosana, the leading
margins of the latticework are dentate (Millar 1990; Lin et
al. 2004). The leading margins of the latticework in M.
palmata and M. jejuensis form spinelike or spatulate pro-
jections along the outer edges (Lee 2004; Lee 2005). All
projections give rise to additional short spinelike projec-
tions radially on the apex in M. palmata whereas the spat-
ulate projections develop into bladelets in M. jejuensis
(Lee 2004; Lee 2005). In M. fragilis the latticework forms
several lobes from the outer edges of the leading mar-
gins; these lobes develop into bladelets (Fig. 10A(D;
Harvey 1860, as M. denticulata; Millar 1990). Several
bladelets are formed along the outer edges of the leading
margins of the latticework in M. indica (Krishnamurthy
and Thomas 1977). However, it is not clear whether these
bladelets in M. indica are derived from spatulate projec-
tions or lobes. In the thalli of M. pavonia, the leading mar-
gins of the latticework are fairly wide and form the lat-
ticework on the outer edges of the leading margins
(Taylor 1960). Millar (1990) described this character as
‘alternation of membranous and reticulate parts’ and this
second-order latticework is not formed on the distal mar-
gins of spatulate projections or lobes, but directly along
the outer edges of the leading margins. 

The latticework in Martensia seems to continue to
growth until reproductive structures are produced. In M.
australis and M. fragilis, the mature latticework is usually
ellipsoid and concave at the center. This may be because
the longitudinal lamellae elongate more actively than the
leading margins expand in the latticework. The lattice-
work retains its intact form in M. fragilis, M. australis, M.
elegans, M. indica, and M. formosana (Harvey 1849;
Harvey 1858; Harvey 1860, as M. denticulata; Kützing
1869; Svedelius 1908; Krishnamurthy and Thomas 1977;
Millar 1990; Lin et al. 2004). In M. australis and M. for-
mosana, the latticework is rather compact, with small
mesh, because the original mesh of the latticework is
subdivided by the additional cross-connecting strands
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(Svedelius 1908; Millar 1990; Lin et al. 2004). The lattice-
work of M. australis is occasionally lacerated longitudi-
nally by environmental factors (Harvey 1858). The lat-
ticework in M. fragilis and M. jejuensis is compact at the
lower part and becomes gradually looser distally (Lee
2004). In M. jejuensis, the cross-connecting strands in the
distal region of the longitudinal lamellae, as well as the
leading margins of the latticework, are fragmented.
Subsequently, the distal parts of the longitudinal lamel-
lae become free and develop into stipe-like structures
bearing terminal and lateral blades (Lee 2004). In M.
bibarii, the leading margins and cross-connecting strands
of the latticework are poorly developed and easily frag-
mented; the pilose tufts of the longitudinal lamellae take
the place of latticework on the blades (Lee 2004).
Consequently, the morphology and development of the
latticework are variable among species of Martensia.   

The latticework is generally formed on the distal mar-
gin of the membranous section of the blade. The apical
growth of the blade may be arrested by forming the lat-
ticework on the distal margin because the blades grow
by means of the marginal rows of obliquely dividing
cells (Wynne 2001; Millar 1990; Lin et al. 2004). This
hypothesis is supported by the fact that the membranous
sections are fan-shaped in M. elegans, M. australis, M. for-
mosana, and M. jejuensis (Harvey 1849; Harvey 1858;
Millar 1990; Lin et al. 2004; Lee 2004). Moreover, the lat-
ticework in M. bibarii is formed on the sub-apical mar-
gins of the lateral lobes and results in the triangular or
lanceolate shape of the membranous section (Lee 2004).
The latticework in M. lewisiae and M. projecta is very rare
and weakly developed when the thalli are mature (Lin et
al. 2004; Lee 2005). Moreover, the latticework in M. pro-
jecta is formed between the spinelike projections that are
formed along the entire margins of the blade (Lee 2005).
The segments of the blades in M. fragilis also elongate lin-
early and then form a latticework terminally (Harvey
1860, as M. denticulata; Svedelius 1908). In M. palmata, the
lobes of the blades in mature thalli are usually long,
whereas every lobe in immature thalli is very short and
bears a conspicuous latticework (Lee 2005). It is not clear
whether the membranous section continues to grow,
even though the latticework is formed completely in M.
palmata. If this is the case, then it is not so clear why the
membranous section does not expand into a flabellate
shape, but rather, elongates linearly. In M. lewisiae and
M. projecta, the latticework organization may be poorly
activated in the adult stage of blade development. In M.
martensii and M. flammifolia, the latticework is not formed

at all. Perhaps the activation of latticework organization
is arrested or the genetic information for latticework
organization is absent in M. martensii and M. flammifolia
(Lin et al. 2001b). 

Chloroplasts: The cortical cells contain a lamella just
inside the cell walls and numerous discoid granules in
the surface view. The lamellae are reddish, but their con-
tours are not defined. In the transverse section, the
lamellae are parietal only in the cortical cells, but they
are absent in the medullary cells. The granules are dis-
coid to linear, gray, generally scattered or aggregated in
the cells, and present in both the cortical and medullary
cells. It is difficult to confirm to presence of chloroplasts
without ultrastructural examinations of the cells.
However, the granules in the vegetative cells of
Martensia flammifolia are confirmed to be chloroplasts on
the basis of their reddish color and parietal arrangement.
Consequently, the granules in the vegetative cells are
recognized as the chloroplasts of Martensia. The chloro-
plasts found in the vegetative cells of most Martensia
species are discoid, round or ellipsoid, and 1-2 µm in
diameter (Fig. 8A). The chloroplasts of M. flammifolia are
discoid to ellipsoid, 3-8 µm in diameter, and compara-
tively larger than those of other Martensia species (Fig.
9D). It is not known whether M. martensii has the same
chloroplasts as M. elegans or M. flammifolia. 

Reproductive morphology
The gametophytes and tetrasporophytes of Martensia

species are isomorphic, and the male and female
gametangial plants are also morphologically similar.
Historically, the latticework was considered the only
region in which reproductive structures were produced
(Harvey 1860; Kützing 1869; Svedelius 1908; Yoshida and
Mikami 1996). In M. australis, M. elegans, M. formosana, M.
fragilis, and M. indica, it was assumed that the reproduc-
tive structures were produced only in the latticework
(Harvey 1849; Harvey 1858; Kützing 1869; Svedelius
1908; Krishnamurthy and Thomas 1977; Millar 1990).
However, Millar (1990) reported that tetrasporangia
were produced on the membranous section of the blade
in M. fragilis. Also, in M. albida, M. jejuensis, M. lewisiae,
and M. palmata, the reproductive structures are borne on
the membranous sections, as well as in the latticework
(Lin et al. 2004; Lee 2004; Lee 2005). In contrast, the repro-
ductive structures are borne exclusively on the membra-
nous sections of the blade in M. bibarii and M. projecta
(Lee 2004; Lee 2005). By necessity, the reproductive
structures of M. martensii and M. flammifolia are borne
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only on the membranous section because the latticework
is absent in these species (Lin et al. 2001b).

Spermatangia: Spermatangia are borne in sori resem-
bling small, ellipsoid, and faintly colored spots. The part
of the membranous section producing spermatangia has
three cell layers, consisting of two cortical and one
medullary layer. Either one of the cells in the part pro-
ducing spermatangia divides periclinally and results in
three cell layers when the spermatangia are produced in
the two-cell-layered membranous sections or the longitu-
dinal lamellae of latticework. The cortical cells of the
both layers undergo divisions to become several small
spermatangial mother cells. Consequently, a large
medullary cell in the middle of the membranous section
produces several spermatangial mother cells on both sur-
faces. The spermatangial mother cells are conical, out-
wardly mucronate, and bear a spermatangium on each
mucronate tip (Svedelius 1908; Yoshida and Mikami
1996; Lee 2005). However, one or two spermatangia are
borne on the tip of the spermatangial mother cells in M.
lewisiae and M. formosana (Lin et al. 2004). Spermatangia
attached to the tip of spermatangial mother cells are
ellipsoid to ovoid, colorless, and 2-3 µm in diameter (Lee
2005). A specimen of M. palmata bearing both spermatan-
gial and tetrasporangial sori on the same thallus was
found; the spermatangial sori were formed in the distal
region, whereas the tetrasporangial sori were found in
the proximal region, although some spermatangial sori
were intermingled with tetrasporangial sori in the transi-
tional region (Lee 2005). The spermatangial and tetraspo-
rangial sori were also formed in the distal and proximal
regions in the latticework, respectively. Consequently,
the latticework may be an independent structure from
the membranous sections in the thallus of Martensia.

Cystocarps: Cystocarps are borne in the latticework or
along the margins of the membranous sections and are
globose with an ostiole. The pericarps consist of the outer
layer of oblong cells and five to eight inner layers of
ellipsoid cells. The carposporophytes are hemispherical
and consist of a large supporting cell and several goni-
moblast filaments. The gonimoblast filaments arise from
the lobes of the supporting cells and branch four or five
times, dichotomously, and three-dimensionally. The
gonimoblast cells are somewhat pellucid and fusiform or
ellipsoid. Generally, two carposporangia are formed on
the terminal gonimoblast cells and mature sequentially.
Mature carposporangia are terminal and clavate or pyri-
form. The subterminal carposporangia are still immature
and hemispherical. The cystocarps are borne only on the

latticework in M. australis, M. elegans, M. formosana, and
M. fragilis (Harvey 1849; Harvey 1858; Kützing 1869;
Svedelius 1908; Millar 1990; Lin et al. 2004). The cysto-
carps are formed both on the blades and latticework in
M. palmata (Lee 2005). The cystocarps in M. martensii are
scattered across the blades as well as along the thallus
margins, whereas those in M. projecta are borne along the
margins of the blades (Lin et al. 2001b; Lee 2005). A speci-
men of M. projecta bearing both cystocarps and tetraspo-
rangial sori on the same thallus was also found; the cys-
tocarps were formed along the marginal region, whereas
the tetrasporangial sori were found in the middle region
of the blade.  

Tetrasporangia: The tetrasporangia of Martensia are
globose and tetrahedrally divided. The tetrasporangia
are borne solitarily in the early stages of tetrasporangial
formation. Subsequently, new sporangia are borne near
those formed earlier and result in small roundish sori
with a common envelope that is biconvex and one cell
layer thick, with thinner discoid cells. The tetrasporangia
are borne on the membranous sections as well as on the
latticework in M. albida, M. fragilis, M. formosana, M.
lewisiae, and M. jejuensis (Millar 1990; Lin et al. 2004; Lee
2004). In M. bibarii and M. projecta, the tetrasporangia are
produced only on the membranous sections. Martensia
martensii and M. flammifolia, which lack the latticework,
also produce tetrasporangia on the membranous sections
(Lin et al. 2001b). Consequently, the size and location of
the tetrasporangia are not species specific and no useful
for the circumscription of species in the genus Martensia. 

Molecular analyses
The length of the ITS1 sequence in the nrDNA of all

species examined was 303 bp. The GC content of the ITS1
sequence in the Martensia species examined ranged from
58.42 to 61.06%. The GC content of the ITS1 sequence
was highest in M. australis and M. elegans, at 61.06%, and
lowest in M. palmata, at 58.42%. The GC content of the
ITS1 sequence in M. fragilis and M. bibarii was 60.40%,
and that in M. projecta and M. flammifolia was 60.07%.
The GC content of the ITS1 sequence in M. jejuensis and
M. albida was 59.74% and 59.08%, respectively. The dis-
tance index for each species was calculated using the
ITS1 sequence and the nrDNA, and the species relation-
ships were illustrated as a phylogenetic tree (Fig. 1).
According to the results of these molecular analyses, M.
flammifolia , which may be a member of the genus
Opephyllum beacuae it lacks latticework, is more closely
related to M. fragilis and M. bibarii than to M. australis
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and M. jejuensis. Martensia australis and M. elegans are
conspecific because the GC contents and ITS1 sequences
of both species were identical. The results for M. fragilis
and M. bibarii were similar. Seven species, form a central
cluster of Martensia species with similarity indices < 0.01:
M. elegans, M. australis, M. flammifolia, M. projecta, M. frag-
ilis, M. bibarii, and M. jejuensis. Based on molecular analy-
ses, M. fragilis and M. bibarii, and M. australis and M. ele-
gans are conspecific. Therefore, it is very unclear whether
the morphological characteristics or molecular analyses
are more reliable for identifying Martensia species. In
addition, it is doubtful whether the molecular analysis of
the ITS1 sequence in the nrDNA is useful for generic dis-
crimination within the tribe Martensieae.

Key to the species of Martensia in Jeju, korea 
1. Blades flabellate -------------------------------------------------2
1. Blades linear or ribbon-shaped -----------------------------7

2. Membranous sections generally branch----------------3
2. Membranous sections simple -----------------------------4

3. Second-order bladeltes arising on the leading margins
of latticework -----------------------------------------M. fragilis

3. Second-order bladeltes absent on the leading margins
of latticework----------------------------------------M. palmata
4. Latticework developed lately and feeble
--------------------------------------------------M. albida sp. nov.
4. Latticework developed early and robust --------------5

5. Latticework ellipsoid, compacted with small mesh
------------------------------------------------------------M. australis

5. Latticework flabellate, coarsely organized with large
mesh----------------------------------------------------------------6 

6. Latticework intact and second-order bladelets
absent------------------------------------------------M. elegans

6. Latticework partially fragmented and second-order
bladelets present --------------------------------M. jejuensis

7. Latticework becoming pilose tufts ---------------M. bibarii
7. Latticework small and feeble or absent--------------------8

8. Blades without openings, with undulate margins
bearing numerous projections----------------M. projecta

8. Blades heavily perforated, with even and smooth
margins -----------------------------M. flammifolia sp. nov.

Martensia albida sp. nov. 
Fig. 2.

Diagnosis: Thalli epilithici, caespitosi, teges parvas for-
mantes, laminis prostrates et erectis constati, candidi vel albi-
di, 4-8 cm alti. Rhizoidea filamentosa, multicellulosa, margin-
ibus basalibus exorientia. Laminae erectae, elongatae later-
aliter, valde undulatae et implexae, marginibus integeris, lobos
flabellatos margine dorsali efferentes, 2-4-stratae, 100-180 µm
crassae. Cellulae corticales planae, aspectu paginali 5-7-gonae
angulis obtusis, 40-80 µm longae, 30-50 µm latae 5(15 µm
crassae. Cellulae medullosae oblongae, aliquot pit-connexion-
ibus, 15-35 µm crassae. Cellulae vegetativae laminae genera-
tim per lineas perpendiculars versus paginam laminae cumu-
latae. Reticula imbecilla nuper secus margines supremos lami-
nae facta, rara. Principites margines angusti, cum vel sine
prominentiis pusillis, 100-120 µm lati. Tetrasporangia in lam-
ina portata, in parvos circulares soros involucro communi, glo-
bosa, tetraedrice divisa, 110-130 µm diametro. Structurae
reproductivae ceterae ignotae.

Thalli are eplithic, caespitose, form small mats, com-
posed of prostrate and erect blades, white or milky
white, and are 4-8 cm high. Rhizoids are filamentous,
multicellular, and arise from the basal margins of the
blades. Blades are erect, laterally elongated, strongly
undulated and tangled, with entire margins, give rise to
flabellate lobes from the dorsal margin, comprise three to
six cell layers, and are 100-180 µm thick. Cortical cells are
flat, pentagonal to heptagonal with obtuse corners in the
surface view, 40-80 µm long, 30-50 µm wide, and 5-15 µm
thick. Medullary cells are oblong, with several pit-con-
nections, and 15-35 µm thick. The vegetative cells of the
blade are generally stacked in anticlinal lines. Weak lat-
ticeworks are formed late on the uppermost margins of
the blade and they are rare. Leading margins are narrow,
with or without small projections, and 100-120 µm wide.
Tetrasporangia are borne on the blade in small round
sori with a common envelope; they are globose, tetrahe-
drally divided, and 110-130 µm in diameter. Other repro-
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Fig. 1. Phylogenetic tree of Martensia species from Jeju Island
based on the nrDNA ITS1 sequences. The tree was calculat-
ed using the SEQBOOT, DNAPARS, and CONSENSE pro-
grams in the PHYLIP package. Bootstrap values (based on
1000 replicates) are shown above the nodes on the strict
consensus tree.
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ductive structures are unknown. 
Korean Name: Myeongjubidanmangsa (명주비단망사) 
Holotype: LYP-1547 Hamdeog, Jeju Island 2002-05-23,
�, Y. Lee; The Herbarium of Cheju National University. 

Type Locality: The subtidal region at 5-8 m depths off
the coast of Hamdeog, Jeju Island, Korea. 

Etymology: The specific epithet ‘albida’ indicates that
plants of this species appear white under water. 

Vegetative morphology: The thalli are pure white or
milky white under water but turn to grayish white or
greenish white when exposed in air or fixed in forma-
line/seawater (5%), or dull red when dried on herbarium
sheets, whereas the latticework of fully grown specimens
is red or brownish red irrespective of the conditions (Fig.
2A, B). The thalli consist of the prostrating blade and sev-
eral lobes and are 4-8 cm high. The prostrating blades are
contorted, tangled, and give rise to rhizoids and lobes
from the ventral and dorsal margins, respectively. The
rhizoids arise in bundles from the base of the blade. Two
types of rhizoid, monosiphonous and polysiphonous, are
mixed in the bundle, and the polysiphonous type is gen-
erally longer than the monosiphonous type (Fig. 2C). The
lobes on the dorsal margins of the prostrating blades
develop into flabellate blades that often form a lattice-
work along the distal margin. The lobes are simple or
seldom branched, often diverged, with entire margins,
100-180 µm thick, and gradually thicker downwards. The
cells of the membranous section are rather flat, pentago-
nal to heptagonal with obtuse corners in the surface
view, oblong to ellipsoid in the transverse section, have
several pit-connections with neighboring cells, and are
stacked in anticlinal lines (Fig. 2E, F). The cortical cell
walls are very thick and glossy in the region facing the
surface of the blade (Fig. 2E). Chloroplasts are distrib-
uted near the cell walls of all vegetative cells and are
small, discoid or ellipsoid, and ca. 2 µm in diameter. The
latticeworks are formed along the distal margins of the
lobes, develop late, with a narrow leading margin, and
are rather feeble because the cross-connecting strands are
arranged in a unidirectional orientation (Fig. 2H). In a
thallus (LYP-1549, on the slide glass), double lattice-
works are observed, of which the second-order lattice-
work develops directly along the narrow leading margin
without forming such subsidiary structures as spatulate
projections, lobes, or partial expansion of the leading
margin (Fig. 2I). 

Reproductive morphology: Tetrasporangia are borne
in small roundish sori on the longitudinal lamellae of the
latticework and the membranous section of the blade;

they are globose with tetrahedral divisions and 110-130
µm in diameter (Fig. 2D, G). The envelope of the
tetrasporangial sori comprises two cell layers. The
tetrasporangial sori are borne on the membranous sec-
tion of the blade lacking the latticework. However, the
tetrasporangia are borne on both the longitudinal lamel-
lae of the latticework and the membranous section or
only on the longitudinal lamellae when the blade has a
fully grown latticework. Consequently, it seems that the
longitudinal lamellae of the latticework in M. albida are
dominant over the membranous section in the produc-
tion of tetrasporangia. 

Habitats: Plants of M. albida may grow along the entire
coast of Jeju Island. This species grows luxuriantly from
April to June and is found in August, September, and
January, albeit rarely. However, it is difficult to deter-
mine whether this species is perennial because plants
found in the spring disappear from those locations in the
fall of the same year.   

Specimens examined: LYP-1393 (Sinchon, Jeju Island
2000-04-22); LYP-1394 (Jongdal, Jeju Island 2000-09-03);
LYP-1395 (Jongdal, Jeju Island 2000-12-07); LYP-1396
(Jongdal, Jeju Island 2000-12-19, analysis); LYP-1397
(Jongdal, Jeju Island 2001-01-11); LYP-1398 (Jongdal, Jeju
Island 2001-03-03); LYP-1399 (Sinchon, Jeju Island 2001-
04-07); LYP-1400 (Hyeongjeseom, Jeju Island 2001-06-22);
LYP-1545 (Hamdeog, Jeju Island 2002-05-11); LYP-1546
(Hamdeog, Jeju Island 2002-05-11); LYP-1547 (Hamdeog,
Jeju Island 2002-05-23, �, analysis); LYP-1548 (Hamdeog,
Jeju Island 2002-06-19); LYP-1549 (Haye, Jeju Island 2002-
08-22); LYP-1585 (Hamdeog, Jeju Island 2002-05-11);
LYP-1677 (Hamdeog, Jeju Island 2003-06-05); LYP-1678
(Hamdeog, Jeju Island 2003-07-04, �, 2003-203); LYP-
1930 (Sinchon, Jeju Island 2001-04-07); LYP-1947
(Hamdeog, Jeju Island 2002-05-11); LYP-1952 (Sinchang,
Jeju Island 2003-06-15, 2003-207); LYP-1962 (Jongdal, Jeju
Island 2003-04-24, coll. B. Kim R-283). 

Remarks: Thalli of M. albida grow on rocks in 5-8-m-
deep subtidal regions. They are caepitose, form small
populations, and are easily perceptible in the field
because of their peculiar bright white color. This thallus
habit is easily distinguished from other species, such as
M. australis, M. fragilis, M. elegans, and M. palmata
because thalli of these other species are clustered in
bunches of blades. The thallus habit of M. albida is quite
similar to that of M. lewisiae, although the two species are
easily distinguished by the color of the thallus (Lin et al.
2004). The color of the plants may be unique among the
described species of the genus Martensia. Reddish lamel-
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lae inside the cortical cells wall are not perceptible. It is
of interest to determine whether lamellae are absent or
simply no visible because they lack color. 

The latticework of M. albida is developed late com-
pared to the membranous section and is very feeble, as in
M. lewisiae and M. projecta (Lin et al. 2004; Lee 2005).

However, in M. albida the tetrasporangial sori are borne
on the longitudinal lamellae of the latticework more
dominantly than on the membranous sections, whereas
those of M. lewisiae are rarely borne on the latticework
(Lin et al. 2004). The tetrasporangial sori in M. projecta are
absent on the latticework (Lee 2005). The double lattice-
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Fig. 2. Martensia albida sp. nov. A. Holotype (LYP-1547). B. Plant (LYP-1678) in liquid preserved condition. C. Rhizoids. D. Transverse
section of blade bearing tetrasporangia. E. Transverse section of blade. F. Cortical cells in surface view. G. Tetrasporangial sori in
surface view. H. Latticework. I. Double latticework. 



work in M. albida is also unique in the genus Martensia,
although it occurs rarely. Martensia albida is related to M.
pavonia in having a second-order latticework that is
directly formed along the leading margins of the first-
order latticework (Taylor 1960; Littler et al. 1989).
However, the membranous sections between the first-
and second-order latticeworks in M. pavonia are partially
or entirely expanded; these membranous sections do not
resemble the leading margins of the latticework. The
leading margins of the latticework in M. albida are nar-
row and have the same width across the whole length,
even in the parts forming the second-order latticework.
The second-order latticeworks are generally formed on
the distal margins of the spatulate projections or lobes,
which are developed along the outer edges of the leading
margins of the first-order latticework in M. fragilis and
M. jejuensis.  

Martensia australis Harvey 1855: 537. 
Figs 3-4.

Martensia australis Harvey 1855: 537; Harvey 1858 pl.
VIII; J. Agardh 1863: 827; Harvey 1863: xiv; Kützing 1869:
pl. 58; De Toni 1900: 615; Svedelius 1908: figs 7, 40;
Papenfuss 1942: 449; Millar 1990: 416, fig. 53; Silva et al.
1996: 459; Yoshida and Mikami 1996: 103; Yoshida 1998:
981; Lin et al. 2001a: 886, 888; Womersley 2003: 95.

Capraella australis (Harvey) De Toni 1936: 3; Papenfuss
1942: 449; Millar 1990: 416; Womersley 2003: 96.

Mesotrema australis (Harvey) Papenfuss 1942:449;
Millar 1990: 416; Womersley 2003: 96.

Martensia speciosa Zanardini 1874: 488 (Millar 1990);
Weber-van Bosse 1923: 385; Millar 1990: 416.

Martensia gigas Harvey 1859: 294. Harvey 1863: xiv, no.
150; De Toni 1900: 620; Svedelius 1908: 30; Womersley
2003: 96.

Mesotrema gigas (Harvey) Papenfuss ex Guiler 1952:
102, nomen invalid; Womersley 2003: 96.

Korean Name: Hojubidanmangsa (호주비단망사) 
Lectotype: TCD Herb. Harvey Aust. Alg. Exsic. 111-B,

KGS (Millar 1990). 
Type Locality: King George Sound, Western Australia

(Harvey 1855: 537).
Distribution: Korea, Australia, Philippines, Japan. 
Vegetative morphology: Thalli are epilithic, grow soli-

tarily in a bunch of several blades, deep purplish blue,
irradiant, and up to 25 cm high (Fig. 3A, B, C). The
blades are compartmented into the membranous sections
proximally and the latticework distally. The membra-
nous sections are flabellate to almost circular, or obovate

to broadly clavate, seldom branch, comprise 4-11 cell lay-
ers, and are 100-300 µm thick (Fig. 4H, I). The cortical
cells of the membranous sections are flat, 5-7-angled with
obtuse corners in the surface view, oblong to ellipsoid
with somewhat protruding corners in transverse sec-
tions, 30-60 µm long, 25-45 µm wide, and 25-40 µm thick
(Fig. 4B, H, I). The medullary cells are similar to the corti-
cal cells. Generally, the vegetative cells in the membra-
nous sections are stacked in anticlinal lines (Fig. 4H, I).
Chloroplasts are disposed parietally, small, discoid, and
ca. 2 µm in diameter. The latticework is formed early in
the development of the blade and is usually longer and
wider than the membranous sections, flabellate to ellip-
soid, compacted with small mesh, and retains the entire
form. Usually, the full-grown latticeworks are more or
less concave in the middle because the growth of the lon-
gitudinal lamellae continues over the expansion of the
leading margins (Fig. 3B). The leading margins are nar-
row, with dentate or smooth outer edges, and about 2
mm wide (Fig. 3D). Spatulate projections or second-
order bladelets are rarely formed on the outer edges of
the leading margins. The longitudinal lamellae of the lat-
ticeworks are two cell layers thick, of even width along
the entire length, and ca. 2 mm wide (Fig. 3E). The longi-
tudinal lamellae generally have smooth margins,
although they have spinelike projections on the margins
in older latticeworks. The cross-connecting strands are
bidirectional, fairly actively formed, subdivide the origi-
nal mesh, and are linear to laminate (Fig. 4A). The lattice-
work of M. australis is very compact with small mesh,
has a somewhat heavy texture, and is distinct from those
of the other described species of Martensia (Fig. 3D). 

Reproductive morphology: Cystocarps are formed on
the longitudinal lamellae of the latticeworks and are glo-
bose, with a slightly protruding ostiole, and 1.3-1.8 mm
in diameter. The gonimoblasts are composed of ellipsoid
cells, branch dichotomously and three-dimensionally,
and produce carposporangia terminally (Fig. 4G).
Generally, two carposporangia are borne on the tip of the
gonimoblasts; the terminal caposporangium is caompar-
atively larger and mature, whereas the intercalary car-
posporangium is immature and hemispherical to cylin-
drical with a concave base. The carposporangia are deep
red, pryriform, 100-120 µm long, and 50-60 µm wide (Fig.
4D). The spermatangial sori are borne on both surfaces of
the longitudinal lamellae of the latticework, variously
discoid in the surface view, and faintly colored (Fig. 3F).
Spermatangial mother cells are ovoid, bear a sper-
matangium on the mucronate tip, 7-10 µm long, and ca. 5
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µm in diameter (Fig. 4F). Spermatangia are ellipsoid, 5-6
µm long, and 3-4 µm in diameter. Tetrasporangia are
borne in small sori, globose with tetrahedral divisions,
and 100-110 µm in diameter. The tetrasporangial sori are

variously roundish, with a cell-layered envelop, bicon-
vex, and usually borne on the longitudinal lamellae and
seldom on the membranous sections.    

Habitats: Thalli grow solitarily on rocks or shells in
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Fig. 3. Martensia australis Harvey. A. Thallus (LYP-1551). B. Thallus (LYP-1932) in liquid preserved condition. C. Thallus (LYP-1559)
with cystocarps in liquid preserved condition. D. Latticework.  E. Longitudinal lamellae bearing tetrasporangial sori (black dots).
F. Spermatangial sori in surface view.
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Fig. 4. Martensia australis Harvey. A. Bidrectional cross-connecting strands in latticework. B. Cortical cells in surface view. C.
Tetrasporangia in surface view. D. Carposporangia. E. Transverse section of longitudinal lamellae bearing tetrasporangial sori. F.
Transverse section of longitudinal lamellae bearing spermatangial sori. G. Carposporophyte. H. Transverse section of the middle
part of blade. I. Transverse section of the lower part of blade. 
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the 5-8-m-deep subtidal region along the northern coasts
of Jeju Island. The thalli appear from February to July on
Jeju Island; the tetrasporangial and female cystocarpic
plants are found from April to July, whereas the male
gametangial plants are only found in April. Cystocarpic
plants are more dominant in July than tetrasporangial
plants.  

Specimens examined: Lectotype in TCD Herb. Harvey
Aust. Alg. Exsic. 111-B, KGS; LYP-700 (Tabdong, Jeju
Island 1988-05-16); LYP-1550 (Sinchon, Jeju Island 2000-
04-22, coll. K. Yang); LYP-1551 (Samyang, Jeju Island
2000-04-06, �); LYP-1552 (Aewol, Jeju Island 1984-02-
05); LYP-1554 (Hamdeog, Jeju Island 2002-04-07, coll. B.
Kim); LYP-1555 (Hamdeog, Jeju Island 2002-04-11, �, ♀,
♂); LYP-1556 (Hansoo, Jeju Island 2002-04-27, �, ♀);
LYP-1557 (Hamdeog, Jeju Island 2002-05-11, �, ♀,
analysis); LYP-1558 (Hamdeog, Jeju Island 2002-05-11,
�, ♀, coll. B. Kim, analysis); LYP-1559 (Hamdeog, Jeju
Island 2002-05-23, �, ♀, analysis); LYP-1560 (Hamdeog,
Jeju Island 2002-06-19, �, ♀); LYP-1563 (Hado, Jeju
Island 1984-04-14, coll. J. Yoon); LYP-1920 (Hansoo, Jeju
Island 2003-05-11, �, ♀, analysis); LYP-1932 (Hamdeog,
Jeju Island 2003-06-05, �, ♀); LYP-1936 (Woljeong, Jeju
Island 2004-04-16, �, coll. S. Cho); LYP-1937 (Biyangdo,
Jeju Island 2004-04-25, �, 2004-298, analysis ?); LYP-1939
(Hamdeog, Jeju Island 2003-06-05, �, ♀, analysis); LYP-
1951 (Gimnyeong, Jeju Island 2003-06-16, �, coll. B.
Kim); LYP-1954 (Hamdeog, Jeju Island 2003-06-17, ♀,
coll. MBC H. Kang); LYP-1960 (Hengwon, Jeju Island
1988-05-29. coll. K.C.H.); LYP-1965 (Hamdeog, Jeju
Island 2003-07-04, �, ♀).

Martensia gigas Harvey; Specimens from King George
Sound, Western Australia, in TCD Herb. Harvey (see
Womersley 2003: 98).

Remarks: The examined plants agreed well with the
lectotype of M. australis deposited in the Herbarium of
Trinity College, Dubline, Ireland (TCD, Harvey 1858).
The latticework of M. australis is a characteristic deep
brownish red, generally ellipsoid, concave in the center,
compacted with small mesh, retains its intact form, and
feels like velvet. The leading margins of the latticework
in M. australis are rather narrow, with dentate outer
edges, and rarely with spatulate projections that become
second-order bladelets. The thalli of M. australis are mor-
phologically similar to those of M. fragilis. However, in
M. fragilis, the mesh of the latticework becomes gradual-
ly larger distally, and the second-order bladelets are
numerous on the leading margins of the latticework.
Millar (1990) recognized the flabellate membranous sec-

tions as a significant characteristic of M. australis in addi-
tion to the leading margin of the latticework lacking sec-
ond-order bladelets. However, the thalli from Jeju Island
form bunches of several blades, some of which are flabel-
late and others are somewhat linear with branches.
Consequently, linear blades with branches of M. australis
are not clearly distinguished from those of M. fragilis. 

Okamura (1909, pl. 53) described and illustrated M.
elegans Hering from Japan; however, more than one
species may have been shown in Okamura’s plates.
Millar (1990) indicated that the Japanese plant illustrated
by Okamura (1909, pl. 53-4) more precisely matches
material of M. australis from Coffs Harbour, Australia, in
terms of the size of the thallus, toothed margins, and
thick, coarse fronds. Yoshida and Mikami (1996), howev-
er, concluded that the specimen in Okamura’s illustra-
tions (1909, pl. 53-4. SAP060786) was in fact M. fragilis on
the basis of the cell layers of the membranous section
and the second-order bladelets on the leading margins.
Figure 1 rather than Fig. 4 of Okamura (1909, pl. 53)
seems to show the thallus of M. australis; thus, Millar
(1990) may have misread Fig. 1 as Fig. 4.

Martensia bibarii Y. Lee 2004: 258. 
Figs 5, 6.

Martensia bibarii Y. Lee 2004: 258.
Korean Name: Bibaribidanmangsa (비바리비단망사) 
Holotype: CNU (LYP-1594, Cheju National University,

Jeju. Herb. Y. Lee). 
Type Locality: Subtidal regions at 6(8 m depths off

Jongdal, Jeju Island, Korea, 2000-07-07 (Lee 2004: 258). 
Distribution: Korea. 
Vegetative morphology: Thalli are epiphytic, ribbon-

like with short lateral lobes and branches, purplish red or
purplish blue, fluorescent, and up to 25 cm high (Fig. 5A,
B, C). Thalli grow solitarily or in groups on a host and
form large populations in subtidal regions. The blades
are membranous and give rise to numerous lobes along
both margins; they are undulate, convoluted, branch
rarely, with partially uneven width and thickness, some-
times partially transform into stipe-like structures, and
three to five cell layers thick (Fig. 6A). The lobes are gen-
erally short, without a stalk, without a constriction at the
base, and with a terminal or subterminal latticework.
Occasionally, the lobes elongate linearly and have lateral
and terminal lobes as branches. The cortical cells are
tetragonal to octagonal in the surface view, oblong to tri-
angular in transverse sections of the blade, 30-55 µm
long, 25-35 µm wide, and 15-20 µm thick. The medullary
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cells are globose to ellipsoid in transverse sections of the
blade, 50-75 µm long and 20-40 µm thick. The cells of the
blades are arranged rather irregularly, whereas those of
the lobes show the arrangement of regularly stacked sets
in anticlinal lines. Chloroplasts are very small, compact-
ed in the cortical cells, discoid, and up to 2 µm in diame-
ter. The latticework is formed early in the development
of the lobes, quite pliable, and transforms into pilose
tufts; it is weak, organized with loose and coarse mesh,
with narrow leading margins, and has few cross-con-
necting strands (Fig. 6B). The pilose tufts are derived
from the free longitudinal lamellae of the latticework
caused by fragmentation of the leading margins and
cross-connecting strands. The free longitudinal lamellae
expand slightly and are up to 1 mm wide.

Reproductive morphology: Tetrasporangia are formed
in the middle region of the membranous sections, the lat-
ticework, and the lower region of the pilose tufts; they
are borne in small round sori and are globose, with tetra-
hedral divisions, and 65-95 µm in diameter. No tetraspo-
rangia are formed on the membranous section of the
lobes.

Habitats: The plants of M. bibarii are epiphytic on the
thalli of Gelidium amansii (Lamouroux) Lamouroux,
Pterocladiella capillacea (Gmelin) Santelices et
Hommersand, and Lomentaria catenata Harvey, among
other species, and generally grow luxuriantly and form
rather broad populations from May to July. The plants
are found from December to July, whereas they do not
occur from August to November. Plants bearing
tetrasporangia are found only in July and September.
The host plants grow in populations in lower tidal to
subtidal regions or in large rock pools. However, plants
of M. bibarii are epiphytic only on thalli of hosts growing
in subtidal regions. 

Specimens examined: Holotype (LYP-1594, Jongdal,
Jeju Island 2000-12-07, �); Syntype (LYP-1654, Jongdal,
Jeju Island 2000-12-07, �, analysis); LYP-1584 (Jongdal,
Jeju Island 2000-06-29. analysis); LYP-1597 (Jongdal, Jeju
Island 2001-02-11. analysis); LYP-1598 (Jongdal, Jeju
Island 2000-03-25, analysis); LYP-1603 (Jongdal, Jeju
Island 2000-08-03, �, syntype, analysis); LYP-1604
(Seogeondo, Jeju Island 2001-06-24); LYP-1605
(Boogchon, Jeju Island 2001-07-05, �); LYP-1606 (Haye,
Jeju Island 2001-12-20, �, coll. B. Kim, analysis); LYP-
1608 (Guideog, Jeju Island 2002-06-023, coll. M. Kim);
LYP-1610 (Jongdal, Jeju Island 2000-01-28, coll. K. Yang);
LYP-1611 (Jongdal, Jeju Island 2000-02-13); LYP-1612
(Jongdal, Jeju Island 2000-03-25, Phyco. Res. 52, fig. 23);

LYP-1614 (Jongdal, Jeju Island 2000-05-21, analysis);
LYP-1615 (Hamdeog, Jeju Island 2002-05-23); LYP-1616
(Jongdal, Jeju Island 2000-06-29); LYP-1618 (Jongdal, Jeju
Island 2000-12-19, �); LYP-1620 (Jongdal, Jeju Island
2001-02-11); LYP-1621 (Jongdal, Jeju Island 2001-03-03);
LYP-1622 (Boogchon, Jeju Island 2001-07-05, �); LYP-
1623 (Seogeondo, Jeju Island 2001-06-24); LYP-1624
(Hamdeog, Jeju Island 2002-06-19); LYP-1625 (Jongdal,
Jeju Island 2001-01-11); LYP-1626 (Jongdal, Jeju Island
2000-04-22); LYP-1629 (Boogchon, Jeju Island 2001-07-05.
�, analysis); LYP-1630 (Jongdal, Jeju Island 2000-12-19,
�); LYP-1631 (Jongdal, Jeju Island 2000-07-16, analysis);
LYP-1638 (Jongdal, Jeju Island 2000-05-21); LYP-1655
(Jongdal, Jeju Island 2001-01-11); LYP-1656 (Jongdal, Jeju
Island 2002-03-24, coll. B. Kim); LYP-1659 (Jongdal, Jeju
Island 2000-12-19, analysis); LYP-1914 (Hamo, Jeju Island
2003-04-27, analysis); LYP-1925 (Hamo, Jeju Island 2003-
04-27, coll. B. Kim); LYP-1926 (Hamdeog, Jeju Island
2003-07-04, �); LYP-1931 (Guideog, Jeju Island 2002-06-
23, coll. M. Kim); LYP-1940 (Hamdeog, Jeju Island 2003-
06-05. analysis); LYP-1941 (Hamo, Jeju Island 2003-06-05,
analysis); LYP-1946 (Jongdal, Jeju Island 2003-06-05);
LYP-1957 (Hamdeog, Jeju Island 2003-06-05); LYP-1961
(Jongdal, Jeju Island 2000-07-16, �).

Remarks: Martensia bibarii is quite distinct in terms of
the latticework and pilose tufts on the terminal region of
every lateral lobe and the apex of the blades, and the
long, linear, twisted blades with several lobes along the
entire margins. The pilose tufts are derived from the lon-
gitudinal lamellae of the latticework. As in the lattice-
works of other species of Martensia, the latticeworks of
M. bibarii also comprise narrow leading margins and
coarse mesh consisting of longitudinal lamellae and
cross-connecting strands. However, the latticeworks of
M. bibarii retain the network organization early in lattice-
work development, but later leave the longitudinal
lamellae free because the leading margins and cross-con-
necting strands of the latticework are fragmented.
Occasionally, some cross-connecting strands persist near
the base of the pilose tufts. The blades of M. bibarii are
usually ribbon-shaped, more or less twisted, with highly
dentate margins, and occasionally transform into narrow
and thick stipe-like structures (Fig. 6A). The lateral lobes
of the stipe-like blade become flabellate with short stalk-
like structure. Thus, the thallus morphology of M. bibarii
is not related to that of the other described species of
Martensia. The second-order latticework in M. jejuensis
also transforms into pilose tufts. However, M. bibarii is
easily distinguished from M. jejuensis, which has flabel-
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Fig. 5. Martensia bibarii Y. Lee. A. Holotype (LYP-1594). B. Thallus (LYP-1612) in liquid preserved condition. C. Thallus (LYP-1598)
with stipe-like blades.
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late blades. 
The specimens (LYP-1603, LYP-1606) from Haye and

Jongdal, Jeju Island, are identical to M. jejuensis in molec-
ular analyses of the ITS 1 region in the nrDNA. However,
the specimens were identified as M. bibarii on the basis of
morphological characters.

Martensia elegans Hering 1841: 92. 
Figs 7, 8.

Martensia elegans Hering 1841: 92; Harvey 1849 [1847-
1849]: 73, pl. XLIII; Kützing 1849: 888; Harvey 1855: 537;
Harvey 1863: xiv; J. Agardh 1863 [1851-1863]: 828;
Kützing 1869: pl. 57; De Toni 1900: 616; Svedelius 1908:
27-28, fig. 31, taf. I. figs. 11, 12, taf. II. figs. 1-5; Weber-van
Bosse 1923: 386; De Toni 1924: 320; Papenfuss 1942: 449;
Børgesen 1945: 27; Børgesen 1952: 63; Børgesen 1953: 55;
Kylin 1956: 449; Millar 1990: 418, fig. 53A, B; Silva et al.
1996: 459; Yoshida and Mikami 1996: 104; Yoshida 1998:
981; Lin et al. 2001a: 886, 888; Womersley 2003: 95.

Capraella elegans (Hering) J. De Toni 1936; Papenfuss
1942: 449.

Mesotrema elegans (Hering) Papenfuss 1942:449; Silva et
al. 1996: 460.

Hemitrema kraussii R. Brown ex Endlicher 1843: 50, nom.
illeg.; Silva et al. 1996: 460; Papenfuss 1942: 449.

Korean Name: Gounbidanmangsa (고운비단망사) 
Type: ? Isotypes UC1025434; UC1468396 (Millar 1990).
Type Locality: Port Natal [Durban], South Africa

(Hering 1841: 92).
Distribution: Korea, Australia, Maurtius, and other

localities (see Silva et al. 1996).  
Vegetative morphology: Thalli are epiphytic, solitary,

grow in bunches of several blades, pale purplish white or
purplish red, and 6-8 cm high (Fig. 7A, D). The blades
are flabellate, simple or furcated, with entire or dentate
margins, slightly undulate along the margins, two to
four layers in the central regions and up to ten layers at
the base, and 100-300 µm thick (Fig. 7G, H). The cortical
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Fig. 6. Martensia bibarii Y. Lee. A. Stipe-like structure (arrow, LYP-1612). B. Latticework (LYP-1629).
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cells of the membranous sections are flat, 40-80 µm long,
20-50 µm wide, and 20-50 µm thick; they are usually 5-7-
angled with obtuse corners or somewhat round in the
surface view and usually ellipsoid or oblong in the trans-
verse section (Fig. 7F, Fig. 8A). The walls of the cortical
cells are more or less thickened in the region facing the
surface of the blades (Fig. 7G). Medullary cells are ellip-
soid to oblong and somewhat thicker than the cortical
cells. The vegetative cells in the lower region of the mem-
branous section are more regularly stacked in anticlinal
lines. Chloroplasts are numerous, assembled near the cell
walls, small, ellipsoid, and ca. 2 µm long (Fig. 8A).
Latticeworks are formed early in the development of the
blade, generally flabellate or rarely ellipsoid, comprise
coarse and large mesh, retain the entire form, and are
almost the same size as the membranous section. The
leading margins of the latticeworks are entire or with
spinelike projections and 30-50 µm wide (Fig. 7B, C). The
longitudinal lamellae of the latticeworks are long, rib-
bon-shaped, with entire margins, and 40-60 µm wide.
The cross-connecting strands are of usually unidirection-
al or rarely bidirectional orientation and often arranged
in double rows (Fig. 7E). 

Reproductive morphology: Tetrasporangia are borne
in roundish and biconvex sori with a common envelope,
on both the longitudinal lamellae and membranous sec-
tions; they are globose, with tetrahedral divisions, and
80-100 µm in diameter. The tetrasporangia are borne
more dominantly in the latticeworks than in membra-
nous sections. Spermatangial sori are principally formed
along both surfaces of the longitudinal lamellae and
rarely in the marginal region of the membranous sec-
tions, and they are ellipsoid and discolored.
Spermatangia attaching to the spermatangial mother
cells are ellipsoid, 5-6 µm long and 2-3 µm wide.
Cystocarps are formed mainly in the latticework and
rarely along the margins of the membranous sections
and are globose, with a slightly protruding ostiole, and
are 0.9-1.3 mm in diameter (Fig. 8B, E). Gonimoblasts
comprise irregularly inflated cells that are rather pellu-
cid, dichotomous in three-dimensional orientation, and
form carpospores on every tip (Fig. 8H). Carpospores are
dark red, pyriform to ellipsoid, and 100-120 µm long and
50-60 µm in diameter (Fig. 8D). Immature carpospores
are also dark red, D-shaped or rectangular, borne in
chains of two, and are 70-90 µm in diameter (Fig. 8G).

Habitats: The plants of M. elegans grow on rocks or on
other algae in 5-8-m-deep subtidal regions from June to
August. Tetrasporophytes are found from June to

August while the male and female gametangial plants
are found in June and July. 

Specimens examined: TCD Herb. Harvey (Port Natal,
South Africa, coll. Dr. Krauss, Dr. Stanger, and Dr.
Gueinzius); SAP 060953 (Rocky Bay, South Africa, 1988-
02-20, coll. T. Horiguchi); SAP 060954 (Palm Beach, South
Africa, 1987-05-14, coll. T. Horiguchi); SAP 060955
(Rocky Bay, South Africa, 1987-10-25, coll. T. Horiguchi);
LYP-1561 (Jongdal, Jeju Island 2000-07-16, �, analysis);
LYP-1562 (Jongdal, Jeju Island 2000-08-03, �); LYP-1577
(Moonseom, Jeju Island, 2005-06-26, �, ♀, �, coll. Y.
Ko); LYP-1657 (Hamdeog, Jeju Island, 2003-07-04, ♀,
analysis); LYP-1950 (Hamdeog, Jeju Island, 2003-06-05). 

Remarks: The examined plants of M. elegans from Jeju
Island agreed quite well with specimens from Port Natal,
South Africa (deposited in TCD Herbarium and the
Herbarium Hokkaido University, Sapporo, Japan [SAP])
in terms of the features and color of the blade and lattice-
work. However, the leading margins of the latticework
in the gametangial plants of M. elegans from Jeju Island
have numerous spinelike projections on the outer edges
although no second-order bladelets are formed (Figs. 7B,
8B). The tetrasporangial sori are borne on both the mem-
branous sections and the latticework in plants from Jeju
Island as in plants from Mauritius and Port Natal, South
Africa (SAP 060954), although they are borne only on the
latticework in plants from Australia and Japan (Børgesen
1952; Millar 1990; Yoshida and Mikami 1996). Moreover,
cystocarps or spermatangial sori are borne in the lattice-
work and rarely on the membranous sections of the
plants from Jeju Island, although no sexual reproductive
structures are observed on the membranous sections of
plants from South Africa (Figs. 7B, D, 8B, E). As indicat-
ed by Millar (1990), the thalli of M. elegans are similar to
the juvenile thalli of M. australis. The peculiarity of M.
elegans is that the membranous sections are purplish
white and the latticework is flabellate with a narrow
leading margin. However, the plants from Jongdal, Jeju
Island (LYP-1562), have an ellipsoid latticework compris-
ing coarse and large mesh.

Martensia flammifolia sp. nov. 
Fig. 9. 

Diagnosis: Thalli epilithici, membranacei, ruberi, lamina
una constati, per rhizoidea exorientes base thalli ad substratum
affixi, reticulum deficientes, 15-25 cm alti. Bases thalli
cuneatae, eliquot rhizoidea emittentes. Laminae supra hap-
teron basale expansae,maximam partem unistratae, tristratae
ad regionem basalem, marginibus integris, plerumque lacer-
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Fig. 7. Martensia elegans Hering. A. Thallus (sterile, LYP-1594). B. Spinelike projections on the leading margin of latticework. C.
Leading margin with entire edge. D. Female thallus bearing cystocarps (black dots). E. Unidirectional orientation of the cross-
connecting strands in latticework. F. Cortical cells in surface view. G, Transverse section of the middle part of blade. H.
Transverse section of the lower part of blade.
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atae vel divergentes, ad regionem mediam pertusae, subdi-
chotome ramificantes, 40-100 µm crassae. Cellulae aspectu
paginali 5-7-angulae, oblongae in sectione transversali, eliquot
pit-connexionibus, 50-75 µm longae, 30-45 µm latae, 30-40
µm crassae. Chloroplasti numerosi, discoidei vel lineares, 4-8
µm longi, 3-5 µm diametro. Tetrasporangia globose divisione
tetraedrica, 70-80 µm diametro. Structurae reproductivae
ceterae ignotae.

Thalli are epilithic, membranous, red, composed of
one blade, attached to the substratum by several rhizoids
arising from the base of the thallus, lack latticework, and
are 15-25 cm high. The base of the thallus is cuneate and
gives rise to several rhizoids. Blades are expanded above
the basal holdfast, mostly one-layered, three-layered in
the basal region, with entire margins, generally lacerated
or diverging, perforated at the center region, branch sub-
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Fig. 8. Martensia elegans Hering. A. Cortical cells in surface view. Note the chloroplasts (small dots in the cells). B. Latticework bearing
several cystocarps. C. Tetrasporangia borne on the longitudinal lamellae of latticework. D. Mature carpospores. E. Cystocarps
along the margins of membranous section. F. Spermatangial sori on the longitudinal lamellae in surface view. G. Immature car-
pospores. H. Part of carposporophyte. Note the gonimoblasts dichotomously branching in three-dimentions. 
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dichotomously, and are 40-100 µm thick. Cells are 5-7-
angled in the surface view, oblong in the transverse sec-
tion, with several pit-connections, 50-75 µm long, 30-45
µm wide, and 30-40 µm thick. Chloroplasts are numer-
ous, ellipsoid to linear, 4-8 µm long and 3-5 µm in diame-
ter. Tetrasporangia are globose with tetrahedral division
and 70-80 µm in diameter. Other reproductive structures
are unknown. 

Korean name: Minbidanmangsa (민비단망사). 
Holotype: LYP-1969 Biyangdo, 2004-04-13, �, S. Cho;

The Herbarium of Cheju National University. 
Type locality: On the artificial substratum in the subti-

dal region at 12 m depths off Biyangdo, Jeju Island. 
Vegetative morphology: Thalli are epilithic, membra-

nous, comprise a single blade, attach to the substratum
with several rhizoids arising from the base, highly perfo-
rated at the middle portion, lack a latticework, and are
15-25 cm high (Fig. 9A). The base of the thallus is cuneate
and gives rise to several rhizoids that are mono- or poly-
siphonal (Fig. 9B). The haptera are not formed on the
surface of the blades. The blades are expanded immedi-
ately above the base and acquire a flabellate form, simple
or occasionally furcated or lacerated into two to three
segments at the lower regions, perforated and tattered in
the middle regions, give rise to several branches, one
layer thick except in the lower portion and the tetraspo-
rangial sori, and are 40-100 µm thick. The perforation
occurred only in the middle region of the blades in all
specimens observed in this study. The perforation may
result in tatters of the middle portion of the blade and
partial fragmentation of the upper parts of the blade.
Also, the margins of the middle regions of the blade are
ragged. The branches are borne laterally and terminally
from the margins of the upper parts of the blade, horn-
shaped, and with rather acute apices. The margins of the
blade are generally smooth or occasionally with one or
two cell protrusions and slightly undulate. The lower
part of the blade and the tetrasporangial sori comprise
three cell layers (Fig. 9G, H). The vegetative cells in the
monolayered parts are pentagonal to heptagonal with
obtuse corners in the surface view, oblong in transverse
sections, 50-75 µm long, 20-30 µm wide, and 30-40 µm
thick (Fig. 9D, F). The cells in the multilayered part are
the same shape in the surface view as those in the mono-
layered part, but transversely ellipsoid to oblong in
transverse section and are 20-25 µm thick (Fig. 9H).
Several granules are observed in the vegetative cells near
the margins of the blade, which are rather glossy, ellip-
soid, 7-15 µm long and 3-7 µm in diameter (Fig. 9C).

However, further studies are needed to determine
whether the granules are species-specific because they
do not occur in all cells near the margins of the blade.
The chloroplasts are discoid to ellipsoid, numerous,
aggregated near the cell walls, 4-8 µm long, and 3-5 µm
in diameter (Fig. 9D).  

Reproductive morphology: Several tetrasporangia are
borne in a common envelope as small and roundish sori
in the upper portion of the blade, globose with tetrahe-
dral divisions, 70-80 µm in diameter (Fig. 9E). The
tetrasporangial sori are biconvex in transverse section,
and are absent in the perforate middle and basal multi-
layer portions of the blade (Fig. 9G). 

Habitats: Plants of M. flammifolia grow on artificially
constructed concrete substratum in the 12-15-m-deep
sand bottom off Biyangdo Islet, Jeju Island.

Specimens examined: LYP-1969 (Biyangdo, Jeju Island
2004-04-13, �, 2004-209, analysis).

Remarks: Martensia flammifolia lacks a latticework.
Thus, this taxon is more related to Opephyllum than to
Martensia. Schmitz (in Schmitz and Hauptfleisch 1897)
established the genus Opephyllum on the basis of plants
from Mindanao Island, the Philippines, of which the
monotypic species is O. martensii (De Toni 1900; Kylin
1956). Papenfuss (1962) suggested that Opephyllum may
be synonymous with Martensia. Wynne (1996) distin-
guished the genus Martensia as having fairly regular lat-
ticeworks compared to the genus Opephyllum, which has
numerous openings of various sizes. Recently, Lin et al.
(2001) neotypified the species O. martensii based on topo-
type collections and synonymized the genus Opephyllum
with Martensia based on the results of molecular analyses
of rbcL and LSU rDNA. The thalli of M. flammifolia differ
from those of the other species of Martensia in lacking the
latticework, comprising a single blade that is mostly
monolayered, having perforations of various sizes, a
cuniate base, and large chloroplasts. Consequently, it
seems to be an artificial classification that a taxon with
such different characteristics is considered a member of
the genus Martensia. Some characters, such as the shape
of the vegetative cells, the formation of tetrasporangial
sori, and the molecular analyses of rbcL and LSU rDNA,
are similar to characters of the tribe Martensiae. Pending
further studies on the relationship between Martensia
and Opephyllum, this taxon is described in the genus
Martensia following the suggestion of Lin et al. (2001). 

Martensia flammifolia is closely related to M. martensii in
having almost monolayered blades, perforations in the
middle region of the blades, and the absence of the lat-
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ticework (Lin et al. 2001b). However, M. flammifolia is eas-
ily distinguished from M. martensii by its flabellate
blades without branches. Martensia flammifolia is also
similar to M. projecta in the form of the blades and the
scarcely visible latticeworks (Lee 2005). However, the
former is easily distinguished from the latter by the per-
forations on the blades, the smooth margins, and some-

what irregular branching.

Martensia fragilis Harvey 1854: 145. 
Figs 10, 11.

Martensia fragilis Harvey 1854: 145; J. Agardh 1863
[1851-1863]: 829; Kützing 1869: 22, pl. 59; De Toni 1900:
617; Svedelius 1908; Børgesen 1919: 348; De Toni 1924:
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Fig. 9. Martensia flammifolia sp. nov. A. Holotype (LYP-1969). B. Base of the thallus with many rhizoids. C. Cortical cells containing
glossy granules (white spots). D. Chloroplasts in cortical cells. E. Tetrasporangial sori in surface view. F. H. Transverse sections
of blade. G. Transverse section of the blade bearing tetrasporangial sori.
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321. Papenfuss 1942: 449; Kylin 1956: fig. 329E, F;
Krishnamurthy and Thomas 1977: 50; Millar 1990: 418,
fig. 53C-E; Silva et al. 1996: 460; Yoshida and Mikami
1996: 101; Yoshida 1998: 981; Lin et al. 2001a: 886, 888. 

Capraella fragilis (Harvey) J. De Toni 1936; Papenfuss
1942: 449. 

Mesotrema fragilis (Harvey) Papenfuss 1942:449; Millar
1990: 418.

Martensia denticulata Harvey 1855: 537; Harvey 1860:
pl. CXXVII; J. Agardh 1863[1851-1863]: 830; Harvey 1863:
xiv; Kützing 1869: 22, pl. 59; De Toni 1900: 618; Svedelius
1908: figs. 9, 41; Weber-van Bosse 1923: 386; De Toni
1924: 321; Okamura 1936: 789; Chyung and Park 1955: 38;
Rho 1958: 132; Kang 1960: 21; Kang 1962: 80; Kang 1966:
98; Noda 1966: 76; Kang 1968: 321; Lee 1976: 39; Lee and
Kang 1986: 323; Koh 1990: 11; Lee et al. 1990: 197; Millar
1990: 418; Lee and Koh 1991: 268; Park et al. 1994: 199;
Silva et al. 1996: 460. 

Mesotrema denticulata (Harvey) Papenfuss 1942: 449.
Mesotrema pavonia J. Agardh 1854: 110. Millar 1990:

418; Silva et al. 1996: 460.
Martensia pavonia (J. Agardh) J. Agardh 1863[1851-

1863]: 831; Papenfuss 1942:449; Taylor 1960: 555; Millar
1990: 418; Silva et al. 1996: 460; Lin et al. 2001a: 886, 888. 

Korean Name: Dubulbidanmangsa (두불비단망사) 
Lectotype: TCD Herb. Harvey, Algae of Ceylon #5

(Millar 1990).
Type Locality: Belligam Bay, Seylon (Harvey 1854:

145). 
Distribution: Sri Lanka, Korea, Japan, Australia, and

other localities (see Silva et al. 1996).  
Vegetative morphology: Thalli are epilithic, solitary,

comprise a bunch of several blades, purplish blue or
brownish red when alive, red when dried, and are 5-16
cm high (Fig. 10A-D). The holdfasts are discoid and con-
sist of the coagulation of several rhizoidal cells (Fig. 11I).
The discoid haptera are formed on various parts of the
blades and also consist of the coagulation of several rhi-
zoidal cells (Fig. 11F). The blades generally comprise the
latticework distally and the membranous sections proxi-
mally. The membranous sections are flabellate, simple or
dichotomously branching, generally with spinelike pro-
jections along the margins, two to four cell layered, grad-
ually thicker downwards, and 80-140 µm thick. The corti-
cal cells are pentagonal to heptagonal in surface view,
oblong to ellipsoid, 30-60 µm long, 30-50 µm wide, and
30-40 µm thick (Fig. 11H). The medullary cells have the
same form as the cortical cells. The vegetative cells of the
membranous sections stack in anticlinal lines (Fig. 11C).

Chloroplasts are small, discoid, numerous, aggregated
near the cell walls, and ca. 2 µm in diameter. The lattice-
works are formed in the early stages of the development
of the blades, generally two to four times larger than the
membranous sections, flabellate or spatulate, keep the
entire form, and have rather small mesh. Generally, the
mesh of the latticeworks becomes gradually coarser and
larger upwards. Sometimes the leading margins are frag-
mented and the upper part of the latticeworks split off
longitudinally (Fig. 10E). The longitudinal lamellae of
the latticeworks are ca. 1 mm wide and occasionally
widen upwards to 2-3 mm in width, with smooth mar-
gins. The cross-connecting strands are of bidirectional
orientation and develop actively. The leading margins of
the latticeworks are narrow and give rise to several lobes
or spatulate projections from the outer edges. The lobes
and spatulate projections are flabellate or forked, form
the latticeworks along the terminal margins, and become
second-order blades (Fig. 10A-D).

Reproductive morphology: The tetrasporophytes and
gametophytes of M. fragilis are isomorphic and the
gametophytes are dioecious. Cystocarps are borne along
the margins of the longitudinal lamellae of the lattice-
works, globose with slightly protruding ostioles, and ca.
1.5 mm in diameter. The carposporophytes are filamen-
tous and branch trichotomously; they are subspherical,
consist of pellucide and fusiform cells, and form a car-
pospore on every branch tip (Fig. 11D). Carpospores are
dark red, pyriform, 90-100 µm long and 40-50 µm in
diameter (Fig. 11B). Spermatangial sori are formed on
both surfaces of the longitudinal lamellae of the lattice-
work, circular to ellipsoid, and appear as faintly colored
spots in the surface view. Spermatangial sori are also
formed on the leading margins of the latticeworks. The
spermatangial mother cells are ovoid with a sharp point
outward, bear a spermatangium on the tip, and are 12-15
µm long and 2-3 µm in diameter (Fig. 11E). The sper-
matangia attaching to the tip of the spermatangial moth-
er cells are ovoid to ellipsoid and 2-3 µm in diameter.
Tetrasporangia are borne in sori on the longitudinal
lamellae and leading margins of the latticeworks, glo-
bose, with tetrahedral divisions, and 80-90 µm in diame-
ter (Fig. 11G). The tetrasporangial sori are small, discoid
in the surface view, with a common envelope, and bicon-
vex in transverse sections (Fig. 11G).

Habitats: The plants grow solitarily on rocks and
shells in the lower tidal mark or 5-8-m-deep subtidal
regions along the coast of Jeju Island. Martensia fragilis
occurs in April, matures from May to July, and disap-
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Fig. 10. Martensia fragilis Harvey. A. Thallus (LYP-1565). B. Thallus (LYP-1574). C. Thallus (LYP-1573). D. Thallus (LYP-1574). E. Early
stage of latticework development.

A B

C

E

D

100µm



Lee: The Genus Martensia on Jeju Island    39

Fig. 11. Martensia fragilis Harvey. A. C. Transverse section of membranous section. B. Carpospores. D. Carposporophyte. E.
Transverse section of the longitudinal lamella bearing spermatangial sori. F. Hapteron with a tuft of rhizoids. G. Transverse sec-
tion of the longitudinal lamella bearing tetrasporangia. H. Cortical cells in surface view. I. Longitudinal section of basal holdfast. 
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pears in August on the coast of Jeju Island. The juvenile
plants of M. fragilis are seldom found in March and
September. The tetrasporangial plants are found from
April to July, the male gametangial plants only in April,
and the cystocarpic plants from May to July. The cysto-
carpic plants are dominant in July, whereas the tetraspo-
rangial plants are rare at this time.

Specimens examined: Lectotype in TDC Harvey
Algae of Ceylon, Harvey Alg. Ceylon Exsic. #5; LYP-1966
(Oahu, Hawaii 1978-02, cultured J. A. West); LYP-1553
(Daryeodo, Jeju Island 2001-07-05, �, ♀); LYP-1564
(Hengwon, Jeju Island 1988-05-29, � ); LYP-1565
(Jongdal, Jeju Island 2000-04-22, � ); LYP-1566
(Seongsan, Jeju Island 2000-07-17, coll. B. Kim); LYP-1567
(Hansu, Jeju Island 2000-07-06, � , ♀); LYP-1568
(Bugchon, Jeju Island 2001-07-05, � ); LYP-1569
(Hamdeog, Jeju Island 2002-04-07, �, �, coll. B. Kim);
LYP-1570 (Hamdeog, Jeju Island 2002-04-11, ♀, �, �);
LYP-1571 (Hamdeog, Jeju Island 2002-05-11, ♀, �, �);
LYP-1572 (Hamdeog, Jeju Island 2002-06-19, ♀, �); LYP-
1573 (Hamdeog, Jeju Island 2002-05-23, ♀, �); LYP-1574
(Hamdeog, Jeju Island 2002-06-19, ♀, �); LYP-1575
(Seongsan, Jeju Island 2002-06-15, �, coll. B. Kim); LYP-
1583 (Haengwon, Jeju Island 2000-06-04, �, coll. B. Kim);
LYP-1587 (Jongdal, Jeju Island 2000-09-03, �); LYP-1592
(Moonjuranseom, Jeju Island 2001-06-23); LYP-1613
(Hamdeog, Jeju Island 2002-04-11); LYP-1632 (Hamdeog,
Jeju Island 2003-07-04, ♀, �); LYP-1672 (Jongdal, Jeju
Island 2000-03-25); LYP-1693 (Hamdeog, Jeju Island
2003-07-04); LYP-1915 (Yongoondong, Jeju Island 2002-
04-11, �); LYP-1916 (Hansoo, Jeju Island 2003-05-11, �);
LYP-1917 (Yongdang, Jeju Island 2003-06-13, �, 2003-
132); LYP-1927 (Hamdeog, Jeju Island 2003-07-04, ♀, �);
LYP-1935 (Hamdeog, Jeju Island 2003-06-05, ♀, �); LYP-
1943 (Ongpo, Jeju Island 2004-04-25, 2004-319); LYP-1953
(Hamdeog, Jeju Island 2003-06-17, ♀, coll. H. Kang,
MBC); LYP-1956 (Sinchang, Jeju Island 2003-06-15, 2003-
208); LYP-1967 (Hamdeog, Jeju Island 2003-06-05).

Martensia denticulata Harvey; Syntype in TCD Herb.
Harvey from Rottnest, West Australia, Harvey Alg. Aust.
Exsic. #112.  

Martensia pavonia (J. Agardh) J. Agardh; Lectotype in
LD Herb. Agardh #36296, Guadeloupe, Duchassaing #72. 

Remarks: The examined plants of M. fragilis from Jeju
Island agreed well with the lectotype specimen of M.
fragilis Harvey. However, the plants from Jeju Island are
more variable in morphology than the type collections in
TCD. The membranous sections of the blades are gener-
ally flabellate, simple or dichotomously branching, and

occasionally have spinelike projections along the mar-
gins. The latticework of the thalli from Jeju Island com-
prises small mesh, and the latticework is three to five
times larger than the membranous section; this character
is more related to M. australis. Whether the second-order
blades are present or absent on the leading margins of
the latticework is one of the the main aspects used to dis-
tinguish M. fragilis from M. australis in this paper. In M.
fragilis, the lobes that are formed along the outer edges of
the leading margins of the latticeworks develop the lat-
ticeworks along the distal margins and appear to be
identical to juvenile blades in shape. Thus, the juvenile
blades derived from the lobes are termed second-order
bladelets. The second-order bladelets are rare on some
thalli and numerous on others (Fig. 10A-D).

Okamura (1909, pl. 53) described and illustrated M.
elegans Hering. However, more than one species of
Martensia seem to have been included in Okamura’s
(1909) plate; his Fig. 1 may be regarded as M. australis,
Figs. 2 and 3 as M. bibarii, and Fig. 4 as M. fragilis.
Okamura (1936) later described M. denticulata and re-
illustrated all figures except Figs 1 and 3 in the new
plate. Millar (1990, p. 417) seemed to regard Fig. 1 as M.
australis, although the number of the figure may have
been miread as Fig. 4 (see Okamura 1909, pl. 53, fig. 4).
Yoshida and Mikami (1996) and Yoshida (1998) regarded
all figures in the plate (Okamura 1909, pl. 53) as M. frag-
ilis.

Kang (1966, 1968) described and presented a figure of
M. denticulata based on thalli from Mokdo (40323),
Bijindo (40321), Chujado (40322), and Jeju Island (40319-
20, 40324). Specimens (LYP-1917, LYP-1927, LYP-1956)
similar to the figure by Kang (1968, pl. 69, fig. 264) are
somewhat rare and are found only in June and July. 

Martensia jejuensis Y. Lee 2004: 256.
Figs. 12.

Martensia jejuensis Y. Lee 2004: 256. 
Korean Name: Jejubidanmangsa (제주비단망사) 
Holotype: CNU (LYP-1586, Cheju National University,

Jeju. Herb. Y. Lee). 
Type Locality: Subtidal regions at 6(8 m depths off

Jongdal, Jeju Island, Korea, 2000-08-03 (Lee 2004: 256). 
Distribution: Korea. 
Vegetative morphology: Thalli are epiphytic, com-

prise initial blades and linear axes, yellowish brown,
slightly fluorescent, and are 6-25 cm high (Figs. 12A, B).
However, the thalli turn red when dried. The initial
blades are membranous, flabellate to cuneiform, simple
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or furcated at the base, and comprise four to five cell lay-
ers. Several discoid haptera are formed on the surfaces of
the initial blades. The latticeworks of M. jejuensis com-
prise coarse mesh and thin leading margins, are general-
ly fragmented at the upper part, and leave several longi-

tudinal lamellae free. The free upper parts of the longitu-
dinal lamellae of the latticework elongate, slightly
expand, form a long axis with a riblike thickness at the
center, and give rise to several projections laterally; the
projections are spatulate or spinelike. Occasionally, sev-
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Fig. 12. Martensia jejuensis Y. Lee. A. Holotype (LYP-1586). B. Thallus (LYP-1601).
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eral lobes arise along the margins of the axes. The spatu-
late projections develop into flabellate blades with sec-
ond-order latticeworks. Frequently, the free upper parts
of the second-order latticeworks elongate continuously
and become hair tufts. Juvenile thalli of M. jejuensis may
differ in morphology from mature thalli because the sec-
ond-order bladelets and the free axes develop late.

Reproductive morphology: Tetrasporangial sori are
borne on the initial blade and the second-order bladelets
as well as the axes. The tetrasporangial sori are produced
more abundantly on the membranous section and lattice-
work than on the axes. The tetrasporangial sori include
three to eight tetrasporangia in a common envelope,
although new tetrasporangia are still formed on the mar-
gins of the sori. 

Habitats: The plants of M. jejuensis grow on other
algae, including Lomentaria catenata Harvey, Gelidium
amansii (Lamouroux) Lamouroux, and Pterocladiella capil-
lacea (Gmelin) Santelices et Hommersand, and articulate
coralline algae in the subtidal region of Jongdal and
Hamdeog, Jeju Island, from May to August. Plants of M.
jejuensis also occur in rock pools at Seogeondo, Jeju
Island, in June. 

Specimens examined: LYP-1586 (Jongdal, Jeju Island
2000-08-03, �, analysis); LYP-1589 (Haye, Jeju Island
2001-12-20, �, coll. B. Kim); LYP-1591 (Hamdeog, Jeju
Island 2002-05-23); LYP-1595 (Haye, Jeju Island 2002-08-
22, �, coll. B. Kim); LYP-1596 (Haye, Jeju Island 2002-08-
22, �, analysis); LYP-1601 (Jongdal, Jeju Island 2000-06-
29, �); LYP-1602 (Jongdal, Jeju Island 2000-07-16); LYP-
1923 (Hamdeog, Jeju Island 2003-07-04, �); LYP-1955
(Hamdeog, Jeju Island 2003-07-04, �, analysis).

Remarks: The conspicuous characteristics defining M.
jejuensis are the flabellate shape of the thallus in broad
outline, partially fragmented latticeworks, several long
axes derived from the free upper parts of the longitudi-
nal lamellae of the latticeworks, second-order bladelets
arising from the axes and the leading margins of the sec-
ond-order latticeworks, and spinelike or spatulate projec-
tions formed along the outer edges of the leading mar-
gins of the latticeworks. Generally, no projections are
formed along the longitudinal lamellae of the intact lat-
ticeworks although several spatulate projections arise in
the intact latticeworks in some thalli from Haye, Jeju
Island (LYP-1596). Occasionally, the free longitudinal
lamellae of the latticework on the second-order bladelets
do not become the second-order axes but become hairy
tufts, which are similar to those of M. bibarii (Lee 2004). 

The specimens from Haye (LYP-1596) are identical to

M. bibarii in the molecular analysis of the ITS 1 region in
the nrDNA. However, the specimens were identified as
M. jejuensis on the basis of morphological characters.

Martensia palmata Y. Lee 2005: 280. 
Fig. 13.

Martensia palmata Y. Lee 2005: 280. 
Korean Name: Jomagsonbidanmangsa (조막손비단망
사) 

Holotype: CNU (LYP-1670, Cheju National University,
Jeju. Herb. Y. Lee, 2001-06-21, ♀). 

Type Locality: Subtidal regions at 4-6 m depths off the
northern slope of Moonseom, Jeju Island, Korea. 

Distribution: Korea. 
Vegetative morphology: Thalli are epilithic or epi-

phytic, membranous, flabellate, comprise one to four
blades, purplish red, and are 5-7 cm high (Fig. 13A, B).
The holdfasts are composed of rhizoids that arise from
the lowermost portion of the thalli. Small discoid haptera
are additionally formed on various parts of the lower
portion of the membranous sections. The blades form
several lobes along the distal margins of the membra-
nous sections and have numerous projections along the
lateral margins. The membranous sections of the blades
comprise two to four cell layers and are 50-120 µm thick.
The lobes elongate linearly, are sometimes furcated, and
form a latticework on the distal margins. The vegetative
cells are generally oblong and stacked in anticlinal lines.
Chloroplasts are small, discoid, and congregate along the
inside of the cortical cell walls. The latticeworks are
formed only on the distal margins of the lobes in the
early developmental stages of the lobes, retain the intact
figure, and rarely exceed the length of the membranous
sections. The leading margins of the latticework are nar-
row and give rise to numerous spinelike projections
along the outer edges. All projections give rise to addi-
tional short projections radially on the tips, which are
composed of one to several cells. Occasionally, these pro-
jections become membranous, grow up to 2-3 mm long,
and are furcated two or three times. No second-order
bladelets are found on the latticeworks. The longitudinal
lamellae of the latticeworks are long, ribbon-shaped,
with dentate margins. The cross-connecting strands of
the latticeworks are of bidirectional orientation. Double
rows of cross-connecting strands occur at some intervals
along the longitudinal lamellae of the latticeworks. 

Reproductive morphology: The tetrasporophyte of M.
palmata is isomorphic with the gametophyte. Male and
female gametangial thalli are also morphologically simi-
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lar. The membranous sections of the female thalli are
somewhat undulate and have more projections than
those of male or tetrasporangial thalli. Cystocarps may
be formed preferentially along the margins of the mem-
branous sections rather than in the latticeworks. Also,
they are formed along the edges of the openings of the
membranous section when the membranous section is
perforated. Spermatangial sori are formed in the middle

to upper portions of the membranous sections as well as
on the longitudinal lamellae of the latticeworks.
Tetrasporangial sori are formed on the whole part of the
blade except the lower portions. A mixed-phase plant
forming tetrasporangial sori together with spermatangial
sori on the blade was found. The tetrasporangial sori are
borne in the proximal region of the membranous section
and the latticework whereas the spermatangial sori are
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Fig. 13. Martensia palmata Y. Lee. A. Holotype (LYP-1670). B. Tetrasporangial plant (LYP-1668).
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in the distal region. The two reproductive sori are slight-
ly intermingled at the borders in the blade. 

Habitats: Plants of M. palmata are epilithic or epiphytic
on other algae, such as Acanthopeltis longiramulosa Y. Lee
or Cladophora wrightiana Harvey in 4-6-m-deep subtidal
regions off the northern slopes of Moonseom and
Seobseom. Plants of M. palmata also grow on rocks at
depths of 18 m at Hwasoon, Jeju Island. They grow from
March to August and generally reproduce between May
and June.

Specimens examined: LYP-1588 (Moonseom, Jeju
Island 2005-06-26, ♀, �, 2005-198, coll. Y. Ko); LYP-1627
(Hwasoon, Jeju Island 2005-05-225, �, 2005-55, coll. Y.
Ko); LYP-1668 (Moonseom, Jeju Island 2002-08-04, coll. B.
Kim, analysis); LYP-1669 (Moonseom, Jeju Island 2002-
07-31, �, ♀, �, coll. B. Kim); LYP-1670 (Moonseom, Jeju
Island 2001-06-21, � , ♀ , � , analysis); LYP-1671
(Seobseom, Jeju Island 2002-06-09, �, coll. B. Kim); LYP-
1673 (Seobseom, Jeju Island 2002-03-24, �, �, coll. B.
Kim); LYP-1911 (Moonseom, Jeju Island 2002-08-04, coll.
B. Kim); LYP-1924 (Seobseom, Jeju Island 2005-06-12,
2005-112); LYP-1942 (Seobseom, Jeju Island 2004-05-16,
�, �, 2004-321); LYP-1968 (Moonseom, Jeju Island 2005-
06-11, � ,♀ , � , 2005-83, coll. Y. Ko); LYP-1970
(Seobseom, Jeju Island 2004-05-14, 2004-324); LYP-1971
(Seobseom, Jeju Island 2004-05-14, 2004-323, analysis). 

Remarks: Martensia palmata is related to M. fragilis and
M. indica in terms of the branching blades (Harvey 1860,
as M. denticulata; Millar 1990; Krishnamurthy and
Thomas 1977). However, M. palmata is easily distin-
guished from the latter species by the absence of second-
order bladelets or lobes along the outer edges of the pri-
mary latticework. Moreover, the blades of M. fragilis and
M. indica are somewhat regularly dichotomous.
Martensia palmata shares the characteristic of forming
cystocarps along the margins of the membranous sec-
tions with M. lewisiae (Lin et al. 2004). However, the two
species are quite distinct in all other respects, including
growth habits, blade shape, branching patterns, and lat-
ticework formation.  

Martensia projecta Y. Lee 2005: 287. 
Fig. 14.

Martensia projecta Y. Lee 2005: 287. 
Korean Name: Dotolbidanmangsa (도톨비단망사) 
Holotype: CNU (LYP-1959, Cheju National University,

Jeju. Herb. Y. Lee, 2002-03-24, ♀, 2005-46, coll. B. Kim). 
Type Locality: Subtidal regions at 4-6 m depths off the

northern slope of Seobseom, Jeju Island, Korea. 

Distribution: Korea. 
Vegetative morphology: Thalli grow on rocks, com-

prise several blades in a bunch, and are 10-15 cm high
(Fig. 14A, B). The holdfasts consist of the haptera of
many filamentous cells that originate from the lower-
most cells of the blade and conglutinate together. The
blades are membranous, flabellate, branch subdichoto-
mously at obtuse angles, with undulate margins and
spinelike projections along the margins, and occasionally
with wartlike projections at the surfaces. The segments of
the branches are linear and slightly expanded upwards.
The terminal segments are gradually attenuated toward
the apex, appear to be horn-shaped, and have the lattice-
works in the terminal regions. The membranous sections
comprise one to four cell layers, gradually thickening
toward the base, occasionally perforated in the lower
portions, and have a parenchymatous structure near the
base. The cortical cells are 5-7-angled with obtuse corners
in the surface view. Chloroplasts are very small, discoid,
and generally aggregate near the cell walls. Latticeworks
develop late and are weak, retain the intact shape, and
are up to 3 mm high. The latticeworks are very incon-
spicuous, rare, and are not always formed on all branch-
es of a thallus. The majority of thalli observed in this
study lacked the latticeworks. 

Reproductive morphology: Tetrasporophytes and
gametophytes of M. projecta are generally isomorphic.
Male gametangial thalli are also similar to female
gametangial thalli. Cystocarps are generally borne on the
surfaces near the margins or rarely in the central regions
of the membranous sections. Spermatangia are borne in
roundish and faintly colored sori in the middle regions
of the membranous sections. Indusia of the spermatan-
gial sori are formed. Tetrasporangial sori are formed on
the membranous sections, discoid in the surface view,
biconvex in transverse section, and with a monolayer
envelope. A thallus bearing cystocarps and tetrasporan-
gial sori on the same blade was found at Moonseom in
July. The cystocarps are borne along the margins and the
edges of the openings, and the tetrasporangial sori are
borne in the middle region of the membranous section.

Habitats: The thalli of M. projecta are epilithic or epi-
phytic on other algae growing at 6-18 m depths off
Seobseom, Moonseom and Hwasoon, Jeju Island from
March to July. These plants were all mature. 

Specimens examined: LYP-1619 (Moonseom, Jeju
Island 2002-07-31, ♀, ♂, �, coll. B. Kim); LYP-1918
(Moonseom, Jeju Island 2005-06-11, ♀, 2005-84, coll. B.
Kim); LYP-1933 (Seobseom, Jeju Island 2004-04-10, ♀, ♂,
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Fig. 14. Martensia projecta Y. Lee. A. Holotype (LYP-1959). Note the arrows indicate the latticeworks. B. Female gametangial thallus
(LYP-1918). Note latticeworks (arrows).
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2004-239, coll. M. Kim, analysis); LYP-1938 (Seobseom,
Jeju Island 2004-05-14, ♂ , �, 2004-322); LYP-1948
(Hwasoon, Jeju Island 2005-05-25, ♀, �, 2005-62, coll. Y.
Ko); LYP-1959 (Seobseom, Jeju Island 2002-03-24, ♀,
2005-46, coll. B. Kim).

Remarks: Martensia projecta is distinct in having termi-
nal branches, wartlike projections in the membranous
sections, indusia of the spermatangial sori, and very
inconspicuous latticeworks. The wartlike projections on
the surfaces of the blades and the indusia of the sper-
matangial sori are peculiar characteristics that are not
found in other described species to date. This species is
easily falsely described as having blades lacking the lat-
ticeworks because thalli bearing latticeworks were only
observed in 20% of the specimens examined in this
study. Consequently, this species may be in a transitional
stage between M. flammifolia and M. palmata (Lee 2005).
However, M. projecta has latticeworks, whereas M. flam-
mifolia lacks the latticeworks (Lee 2005). Martensia projec-
ta is somewhat related to M. lewisiae in terms of the
inconspicuous latticeworks (Lin et al. 2004). However, M.
projecta is easily distinguished from M. lewisiae by the
branching and robust blades. 

Martensia projecta is somewhat related to M. fragilis, M.
indica, and M. palmata in terms of the thalli with branch-
ing blades. However, M. projecta is easily distinguished
from the latter species by the terminal, horn-shaped
branches and the inconspicuous latticeworks. 
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INTRODUCTION

India with a coastline of more than 7,000 km harbour
diverse marine algal species (Oza and Zaidi 2001). These
occur principally in coastal areas with rocky substratum
or rich with corals viz. Visakhapatnam in the eastern
coast, Mahabalipuram, Gulf of Mannar, Tiruchendur,
Tuticorin and Kerala in the southern coast; Veraval  and
Gulf of Kutch in the western coast; Andaman and
Nicobar islands and Lakshadweep (Umamaheswara Rao
1967; Silva et al. 1996; Sahoo et al. 2001). However, the
coastal region of Orissa state in the east coast of India,
covering 460 Km of coastline has not been surveyed for
marine algal forms. Several rivers flow east-wards in this
region of India which fall to the sea (Bay of Bengal)
forming characteristic estuaries. At some of these sites,
e.g. the rocky port area of Paradeep, scattered rock
boulders in the coast at certain region and the mangroves
at the confluence of Brahmani and Baitarani rivers,
several macro-algae were found growing throughout the
year. Hence the occurrence and taxonomy of marine
macro-algae in the coastal region of Orissa was studied
for the first time and their distribution pattern was
compared with those occur in other parts of the Indian
coast. 

MATERIALS AND METHODS

Sampling for marine macro-algae was carried out in
the entire coast of Orissa (19° 06’ 38.1”-21° 35’ 51.9” N
lat., 84° 46’ 42.3”-87° 20’ 01.6” E long) including the
estuaries of Subarnarekha, Bhudhabalanga, Mahanadi,
Devi, Kushabhadra, Rushikulya and Bahuda rivers;
backwaters of Ramchandi and Gopalpur; rocky
platforms of Paradeep port and the mudflats of
Bhitarkanika mangroves (Fig. 1). All the algal specimens
were collected from the intertidal region for a period of
one year from May 2004 to June 2005. The position of
each collection site was determined with a Garmin 12
GPS receiver (Table 1). Algae attached to the fishing
jetties, rocky embankment in the near shores, stones and
pebbles, fishing nets and pneumatophores of mangrove
were collected by scrapping in clean tubes and preserved
in 4% formaldehyde-seawater solution. The examined
specimens (vouchers) were preserved in formaldehyde
solution. Herbarium of algal samples prepared using
standard techniques were deposited at the P.G.
Department of Botany, Utkal University, Bhubaneswar.
Microphotographs of the organisms were taken in a
Meiji ML-TH-05 trinocular research microscope fitted
with Nikon Coolpix 4800 digital camera and identified
following Biswas (1932); Desikachary et al. (1990, 1998)
and Krishnamurthy (1999). Ecological notes about the
locality, nature of habitat and mode of occurrence along
with voucher sample number of each species, date of
collection and collector’s name was recorded. 
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SPECIES DESCRIPTION:

Description of the examined specimens has been
depicted with ecological notes. Voucher number was
assigned to each specimen along with field data as
follows – “the first letter for collection site, followed by
serial no of collection, date of sampling and abbreviated

names of the collectors (JR - J. Rath; SPA - S.P.
Adhikary)”.

Chlorophyta
1. Chaetomorpha linum (O.F. Muller) Kützing (Kützing,

F. T. 1845) (Fig. 2)
Filaments long, free floating, cells cylindrical, cell

inside the filament distinct, 15 to 30 µm broad, 125-210
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Fig. 1. Map of Orissa coast showing 14 collection stations. See Table 1 for co-ordinates. 1 = Bahuda estuary (BE); 2 = Gopalpur-on-sea
(GS); 3 =  Rushikulya estuary mouth (RE); 4 = Palur channel (PC); 5 = Chilika lake (CL); 6= Kushabhadra river mouth (KM); 7 =
Nuanai mouth (NM); 8 = Kaluni Channel (KC); 9 = Devi river mouth (DM); 10 = Paradeep-on-sea (PS); 11= Bhitarkanika
mangroves (BM); 12 = Chandipur estuary/ Budhabalanga river mouth (CE); 13 = Kashaphala estuary (KE); 14 = Subarnarekha
river mouth (SM).

Table 1. List of collecting stations in Orissa coast.

Station name & code for voucher Latitude Longitude Habitat

S1-Bahuda estuary (BE) N19° 06’ 39.1” E84° 46’ 41.9” Lagoon (Estuarine)
S2-Gopalpur-on-sea (GS) N19° 18’ 11.7” E84° 57’ 57.8” Sandy & rocky (Marine)
S3-Rushikulya estuary (RE) N19° 22’ 54.7” E85° 04’ 56.2” Sandy (Marine)
S4-Palur channel (PC) N19° 27’ 59.9” E85° 08’ 23.8” Estuarine/marine
S5-Chilika lake (CL) N19° 38’ 45.4” E85° 25’ 25.4” Lagoon (Estuarine)
S6-Kushabhadra river mouth/Ramchandi estuary (KR) N19° 49’ 09.6” E85° 54’ 35.4” Sandy (Marine)
S7-Nuanai mouth (NM) N19° 51’ 11.9” E86° 03’ 14.3” Sandy (Marine)
S8-Kaluni channel (KC) N19° 56’ 31.1” E86° 16’ 44.7” Estuarine 
S9-Devi river mouth (DR) N19° 58’ 58.7” E86° 19’ 25.7” Sandy (Marine)
S10-Paradeep-on-sea (PS) N20° 17’ 34.0” E86° 42’ 59.3” Sandy & rocky (Marine)
S11-Bhitarkanika mangroves (BM) N20° 42’ 23.7” E87° 02’ 13.5” Estuarine
S12-Chandipur estuary/ Budhabalanga river mouth (CE) N21° 27’ 07.1” E87° 02’ 26.6” Mud flat (Marine)
S13-Kashaphala estuary (KE) N21° 30’ 40.5” E87° 07’ 45.8” Sandy (Marine)
S14-Subarnarekha river mouth (SR) N21° 32’ 49.3” E87° 12’ 01.9” Sandy & muddy (Marine)



µm long, chloroplast reticulate with many pyrenoids.
Vouchers: CL1, 12 Dec. 2004 (JR and SPA); CL10, 23

Feb. 2005 (JR and SPA); CL25, 24 Feb. 2005 (JR and SPA);
DR1, 16 Jan. 2005 (JR and SPA); BM1, 17 Feb. 2005 (JR
and SPA); epiphyte on hydrophyte plants.

Remarks on taxon: Reported from Krusadai island,
Mandapam (Rajendran et al.1991), Nicobar islands
(Jagtap 1992), Tuticorin (Maruthamuthu et al. 1990) and
Jalleshwar and Veraval (Subbaramaiah 1971). 

2. Cladophora glomerata (Linn.) Kützing (Kützing, F.T.
1843) (Fig. 3)

Thallus attached to rocks, stones, boulders or other
solid substrate by means of rhizoids, rarely free floating,
long, frequently branched, green to slightly yellowish-
green in color, branches connate at the base, feather like,
curved inwards towards the upper part, branchlets many
and are of several order, older branches sometimes
falsely dichotomous, primary branch varying from 60-
125 µm in diameter, intermediate branches from 25-75
µm and apical branches from 20-35 µm, cell membrane
thick, fibrillose, apical cells obtusely rounded. 

Vouchers: BE1, 23 Jan. 2005 (JR and SPA); PC1, 31 Dec.
2004 (JR and SPA); CL3, 12 Dec. 2004 (JR and SPA);
CL12, 23 Feb. 2005 (JR and SPA); KR1, 16. Jan. 2005 (JR
and SPA); KC1, 16 Jan. 2005 (JR and SPA); epilithic in
sand/mud covered shallow pools in intertidal zones and
also attached to hydrophytes.

Remarks on taxon: Reported from Okha (Untawale et
al. 1983).

3. Enteromorpha compressa (Linn.) Neesa (Nees, C.G.
1820) (Fig. 4) 

Plant dull-green or yellowish-green, membranaceous,
5 to 20 cm long, 2-5 mm broad, attached at first by a
short cylindrical stipe, later sometimes detached and
floating; cylindrical or expanding above, more or less
inflated, often much crisped and contorted, branched
from gradually contracted stalk-like basal portion,
narrow at the base and gradually expanding into an
obtuse or rounded apex, mostly tubular at base,
compressed above, cells minute, rounded or polygonal,
arranged irregularly, 10-20 µm long, 6-14 µm wide, cell
contents granular with one nucleus and a parietal
chloroplast, pyrenoids 1-2 per cell. 

Vouchers: GS1, 31 Dec. 2004 (JR and SPA); GS2, 23 Jan.
2005 (JR and SPA); PC2, 31 Dec. 2005 (JR and SPA); CL4,
12 Dec. 2004 (JR and SPA); CL13, 23 Feb. 2005 (JR and
SPA); PS1, 24 Dec. 2004 (JR and SPA); CE1, 14 Jan. 2005
(JR and SPA); epilithic on intertidal rocks and at the
edges of rocky pools.

Remarks on taxon: Reported from Visakhapatnam
(Umamaheswara Rao 1990), Pulicat lake (Radhakrishnan
1976), Mahabalipuram (Krishnamurthy and Joshi 1969),
Krusadi island (Chacko et al. 1955), Mandapam
(Jayasankar and Ramalingam, 1993), Andaman and
Nicobar islands (Krishnamurthy and Joshi 1969),
Tuticorin (Maruthamuthu et al 1990), Mangalore
(Vidyavathi and Sridhar 1991), Goa (Untawale et al. 1983)
and Okha (Ohno and Mairh, 1982). 

4. Enteromorpha intestinalis (Linn.) Neesa (Nees, C.G.
1820) (Fig. 5) 

Plant up to 25 cm high, attached to the substratum by
a basal rhizoidal portion and later floating when torn
away from the substrate; deep green to yellowish green;
fronds clavate, tubulose, often contorted, more or less
compressed, with apices often perforated, sometimes
found gradually increasing in width; branched, branches
and branchlets shortly club-shaped, inflated towards the
apex, cells in surface view rounded, polygonal,
irregularly arranged throughout thallus, 10-14 µm long,
6-10 µm wide, cell contents granular with one nucleus,
one parietal chloroplast and one pyrenoid per cell,
elliptic, tilted towards the apical side of the cell. 

Vouchers: BE2, 23 Jan. 2005 (JR and SPA); CL5, 12 Dec.
2005 (JR and SPA); CL14, 23 Feb. 2005 (JR and SPA); PS2,
24.12.2004 (JR and SPA); epilithic on intertidal rocks,
boulders and stones of fishing jetties.

Remarks on taxon: Reported from Krusadai island
(Chacko et al. 1955), Kerala coast (Nair et al. 1982),
Karnataka coast (Agadi 1985), Lakshadweep (Untawale
et al. 1983), Goa (Zingde et al. 1976), Maharashtra coast
(Dhargalkar et al. 1980), Gopnath (Sreenivasa Rao and
Kale 1970) and Okha (Ohno and Mairh 1982).  

5. Enteromorpha usneoides (Bonnem.) Agardh (Agardh,
J.G. 1883) (Fig. 6) 

Thallai strap shaped to filiform, two layers,
compressed, more or less wrinkled and lubricous,
medium to dark green, branched, having relatively
broad thallai with branches concentrated in the basal
region, axis gradually narrow towards the base; medium
to dark green, plants up to 20 cm high, branches 0.5-25
cm long, cell wall 1-3 µm thick, chloroplast parietal with
numerous starch grains, cells arranged in distinct
longitudinal rows, pyrenoid 1-2 per cell. 

Voucher: CL15, 23 Feb. 2005 (JR and SPA); epiphytic
attached to hydrophytes.

Remarks on taxon:  Reported for the first time from
Chilika lake in the Indian coast.

6. Enteromorpha linza (Linn.) Agardh (Agardh, J.G.
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Figs 2-12. Photographs showing marine macro-algae of Orissa coast: 2. Chaetomorpha linum, scale = 30 µm; 3. Cladophora glomerata,
scale = 30 µm; 4. Enteromorpha compressa, 5. Enteromorpha intestinalis, 6. Enteromorpha usneoides, scale = 30 µm; 7. Enteromorpha
linza, scale = 30 µm; 8. Enteromorpha clathrata, scale = 30 µm; 9. Ulva lactuca, 10. Ulva fasciata, 11. Colpomenia sinuosa, 12. Dictyota
dichotoma.



1883) (Fig. 7) 
Plants up to 10 cm high and 3 cm wide, attached by

basal disc, fronds linear lanceolate, simple, broadened
above with the two cell layers adhering to each other
except at margins, unbranched, frond with long stipe,
usually 50 µm thick, cells in section taller than broad,
cells in surface view vertically elongated in basal portion,
cells uninucleate, chloroplast with one pyrenoid.  

Vouchers: GS3, 23 Jan. 2005 (JR and SPA); DR2, 16 Jan.
2005 (JR and SPA); PS3, 24 Dec. 2004 (JR and SPA); BM2,
18 Feb. 2005 (JR and SPA); epilithic on intertidal rocks.

Remarks on taxon: Reported from Gopnath
(Krishnamurthy and Joshi 1970), Kerala coast (Nair et al.
1982), Gujarat coast (Sreenivasa Rao and Kale, 1970),
Lakshadweep (Jagtap, 1987) and  Kovalam (Maya and
Nair 1992).

7. Enteromorpha clathrata (Roth) Greville (Greville, R.K.
1830) (Fig. 8) 

Plants yellowish-green, 700 µm broad, filiform,
profusely branched throughout; branches all around,
tubular, ending in rounded smooth apices, cells in
surface view longitudinally elongate, arranged in series
throughout length of thallus, 32-40 µm long, 10-25 µm
broad, cells uninucleate, chloroplast lining cell-wall with
two pyrenoids. 

Vouchers: GS4, 23 Jan. 2005 (JR and SPA); RE1, 31 Dec.
2004 (JR and SPA); PC3, 31 Dec. 2004 (JR and SPA); KR2,
16 Jan. 2005 (JR and SPA); KC2, 16 Jan. 2005 (JR and
SPA); CE2, 14 Jan. 2005 (JR and SPA); epilithic in upper
and mid-littoral rocks facing the open sea.

Remarks on taxon: Reported from Porto novo (Kannan
and Krishnamurthy 1978), Nicobar islands (Jagtap 1992),
Kerala coast (Nair et al. 1982), Karnataka coast (Untawale
et al.1989), Lakshadweep (Untawale and Jagtap 1984),
Goa (Untawale et al . 1983), Karwar (Bopaiah and
Neelakantan 1982) and Porbandar (Kale 1966). 

8. Ulva lactuca Linn. (Linnaeus, C. 1753) (Fig. 9)
Thallus attached by basal disc, lamina much broader

than long, 5-10 cm, rounded, often somewhat lobed with
undulate or ruffled margins; cells in surface view
polygonal, closely packed, 13-15 µm in diameter, cells
rectangular with rounded angles, 13-15 µm broad, 20 µm
high; cells uninucleate, chloroplast cup shaped, pyrenoid
1-2 per cell. 

Vouchers: CL17, 23 Feb. 2005 (JR and SPA); BM3, 17
Feb. 2005 (JR and SPA); epilithic on intertidal rocks.

Remarks on taxon: Reported from Visakhapatnam
(Umamaheswara Rao 1999), Krusadai island (Chacko et
al. 1955), Mandapam (Jayasankar et al. 1990), Tuticorin

(Maruthamuthu et al. 1990), Tiruchendur (Balasundaram
1985), Kovalam (Maya and Nair 1992), Lakshadweeps
(Untawale and Jagtap 1984), Mangalore (Vidyavathi and
Sridhar 1991), Goa (Agadi and Untawale 1978), Bombay
(Boergesen 1935), Karwar (Bopaiah and Neelakanthan
1982), Malwan (Dixit 1941), Porbandar, Diu
(Krishnamurthy and Joshi 1969), Jalleshwar
(Subbaramaiah 1971) and Okha (Bhanderi and trivedi
1975).  

9. Ulva fasciata Delile (Delile, A.R. 1813) (Fig. 10)
Plants attached by small circular disc, lamina up to 40

cm, 10-40 cm wide, deeply divided into several linear
lobes, 1-3 cm wide, frequently with undulate margins,
cells in surface view polygonal, palisad like, cells
uninucleate, chloroplast plate-like filling outer part of
cell and having two pyrenoids. 

Voucher: CL18, 23 Feb. 2005 (JR and SPA), epilithic on
intertidal rocks.

Remarks on taxon: Reported from Visakhapatnam
(Reddy et al. 1992), Mandapam (Umamaheswara Rao
1990), Krusadai island (Chacko et al. 1955), Andaman
and Nicobar islands (Jagtap 1992), Kerala coast (Sindhu
and Panikkar 1995), Kovalam (Maya and Nair 1992),
Lakshadweeps (Jagtap 1987), Goa (Dhargalkar 1985),
Maharashtra coast (Dhargalkar et al. 1980), Veraval
(Krishnamurthy and Joshi 1969) and Okha (Bhandari and
Trivedi 1975).

Phaeophyta
10. Colpomenia sinuosa (Mertens ex Roth) Derbés et

Solier (Derbes, A. and Solier, A.J.J. 1851) (Fig. 11)
Plants sessile, hollow, attached to the substratum by a

basal disc, young thalli vesicular, fertile thalli dark
brown, highly folded, irregularly expanded with a
diameter of 4 to 12 cm, 

Voucher: BM4, 17 Feb. 2005 (JR and SPA); epiphytic,
attached to pnematophores of mangrove and also
attached to pebbles. 

Remarks on taxon: Reported from Mandapam
(Jayasankar and Ramalingam 1993), Krusadai island
(Chacko et al. 1955), Andaman islands (Jagtap 1985),
Tuticorin (Boergesen 1934), Lakshadweeps (Qasim et al.
1972), Karnataka coast (Agadi 1985), Goa (Agadi and
Untawale 1978), Ratnagiri (Untawale et al. 1980), Bombay
(Boergesen 1934), Jalleshwar and Veraval (Subbaramaiah
1971),  Porbandar (Krishnamurthy and Joshi 1969) and
Okha (Ohno and Mairh 1982).

11. Dictyota dichotoma (Hudson) Lamouroux
(Lamouroux, J.V.F. 1809) (Fig. 12) 
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Thallus yellowish brown, apex bifid and rounded,
branches narrowing towards the tip, plenty of
adventitious branches developed from the margins and
surface of the thallus, margin dentate-wavy, bundles of
indusiate hairs scattered on the thallus surface, thallus
10-20 cm high, branches 10-12 mm broad below the
dichotomies and 2-5 mm broad near the apices, cells of
the superficial layers small, rectangular, 25-50 µm x 15-45
µm in size. Vouchers: CL6, 12 Dec. 2004 (JR and SPA);
CL19, 23 Feb. 2005 (JR and SPA); BE3, 23 Jan. 2005 (JR
and SPA); epilithic in sand/mud covered shallow pools
and also floating in shallow estuarine habitat.

Remarks on taxon: Reported from Visakhapatnam
(Umamaheswara Rao and Sreeramulu 1970), Mandapam
(Umamaheswara Rao 1990), Krusadai island (Chacko et
al. 1955), Andaman and Nicobar islands (Gopinathan
and Panigrahy 1983), Tuticorin (Varma 1961),
Tiruchendur (Krishnamurthy 1980), Karnataka coast
(Untawale et al 1989), Goa (Agadi and Untawale 1978),
Maharashtra coast (Dhargalkar et al. 1980), Pamban
(Subbaramaiah et al. 1977), Dwarka and Okha
(Krishnamurthy and Joshi 1969). 

Rhodophyta
12. Ceramium diaphanum var. elegans Roth (Roth) (Roth

A. G. 1806) (Fig. 13) 
Thallus form floating reddish patches in the water

column, bristly or hair like, regularly dichotomously
branched, fronds  up to 7 cm, branches gradually
attenuated, branches rather sparse, the terminal pairs
forceps shaped, cells towards the lower parts older,
primary branches 2-5 times longer than diameter, upper
cells are equal or shorter than the diameter, cell length
30-50 µm, breadth 20-60 µm, interstices of transverse
zones at the joints somewhat pellucid, lateral wall
fibrillose. 

Vouchers: PC4, 31 Dec. 2004 (JR and SPA); CL7, 12
Dec. 2004 (JR and SPA); CL20, 23 Feb. 2005 (JR and SPA);
KR3, 16 Jan. 2005 (JR and SPA); PS4, 24 Dec. 2004 (JR and
SPA); epilithic on rocks, attached to rocks and boulders
in the intertidal regions of estuary.

Remarks on taxon:  Reported from Chilika lake (Rath
and Adhikary 2005)

13. Centroceras clavulatum (C. Agardh) Montagne
(Montagne, C. 1846) (Fig. 14)

Thallus 1-3 cm in high, repeatedly branched to form
regular dichotomy, bifurcate branches are incurved, axis
consists of nodes and internodes and with conspicuous
spines, thallus with a row of central cells surrounded by

a single row of cortical cells, central cells  connected to
each other by pit-connections.

Voucher: GS5, 23 Jan. 2005 (JR and SPA); epilithic in
upper and mid-littoral rocks facing the open sea.

Remarks on taxon: Reported from Gopalpur-on-sea
(Sahoo and Vijayaraghavan 1986), Visakhapatnam
(Umamaheswara Rao and Sreeramulu 1970), Mandapam
(Kalimuthu et al. 1992), Krusadai island (Chacko et al.
1955), Tiruchendur (Krishnamurthy 1980), Jalleshwar,
Veraval (Subbaramaiah 1971) and Goa (Untawale et al.
1983). 

14. Gracilaria verrucosa (Hudson) Papenfuss
(Papenfuss, G.F. 1950) (Fig. 16) 

Variety-I (yellowish, long filament) 
Thallus form a small disc-like hold fast, filiform,

cylindrical, 15-35 cm long, primary branches pinnately
feather like branched, lateral branches sometimes
undivided, partly un-branched towards the upper part,
long whip like, thin, rounded at the apex, main branches
furnished with smaller branches below, towards the top
with simpler branchlets, branches and branchlets
irregularly arranged, never dichotomous, discoid
chloroplast that occupying almost the entire volume of
the cell, cystocarps on long branch or branchlets
numerous, hemispherical, deep or pale purple in color.

Vouchers: CL8, 12 Dec. 2004 (JR and SPA); CL21, 23
Feb. 2005 (JR and SPA); CL22, 24 Feb. 2005 (JR and SPA);
BE4, 23 Jan. 2005 (JR and SPA); PC5, 31 Dec. 2004 (JR and
SPA); KC3, 16 Jan. 2005 (JR and SPA); epilithic on sand-
mud mixture with pebbles and stones.

Remarks on taxon: Reported from Krusadai island
(Chacko et al. 1955), Mandapam (Umamaheswara Rao
1970), Andaman and Nicobar islands (Gopinathan and
Panigrahy 1983), Tuticorin (Boergesen 1937) and Bombay
(Boergesen 1934). 

15. Gracilaria verrucosa (Hudson) Papenfuss
(Papenfuss, G.F. 1950) (Fig. 17) 

Variety-II (dark red, bushy) 
Thalli pale brown to dark brown, radially branched,

branches cylindrical, irregularly alternate, variable in
length, tapering towards apices and bases.

Vouchers: CL9, 12 Dec. 2005 (JR and SPA); CL23, 23
Feb. 2005 (JR and SPA); CL24, 24. Feb. 2005 (JR and SPA);
epilithic on sand-mud mixture with pebbles and stones.

Remarks on taxon: Reported from Chilika lake (Rath
and Adhikary 2005).

Two varieties of Gracilaria verrucosa were collected
from different study sites of Orissa coast. Critical
analysis of these two varieties showed that these were
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Figs. 13-22. Photographs showing marine macro-algae of Orissa coast: 13. Ceramium diaphanum var. elegans, scale = 30 µm; 14.
Centroceras clavulatum, scale = 200 µm; 15. Polysiphonia subtilissima, scale = 30 µm; 16. Gracilaria verrucosa var-1; 17. Gracilaria
verrucosa var-2; 18. Catenella impudica; 19. Gelidium divaricatum; 20. Grateloupia filicina; 21. Grateloupia lithophila; 22. Compsopogon
aeruginosus, scale = 50 µm.



two ecotypes of the same organism occurring in this
region. Where there was high wave action along with
availability of rocky substratum for attachment, G.
verrucosa was long and reddish. Where as when the wave
action was low and the substratum with a sand-mud
mixture it was bushy and whitish or yellowish in color.

16. Polysiphonia subtilissima Mont. (Montagne, C. 1840)
(Fig. 15)

Reddish or somewhat blackish purple, patches
attached to rocks of the islands, thread like, filament 5-10
cm long, elongated, thin, narrow, primary branches
decumbent, intricate, root like at the base, secondary
branches somewhat erect towards the upper part, 5-6
small filaments, bifurcated, thallus with three rows of
pseudoparenchyma cells, cells in the primary branches
twice as long as broad, 20-50 µm broad and 100-125 µm
long, branchlets 75-135 µm long, 20-40 µm broad, cells
gradually shorter towards the tip, the terminal siphon
more or less wedge-shaped. 

Voucher: CL25, 23 Feb. 2005 (JR and SPA); attached to
rocks and boulder in the intertidal regions of estuary.

Remarks on taxon: Reported from Chilika lake (Biswas
1932) and Pulicat lake (Radhakrishnan 1976).

17. Grateloupia filicina (Lamouroux) Agardh (Agardh,
C.A. 1822) (Fig. 20)

Plants bushy, brown to greenish or purple in colour,
often gradually becoming violet and merging into green
to yellowish green at the tips, thalli composed of several
upright blades, developing from a common discoid
holdfast, branches linear, tapering towards the apex,
fronds compressed with a shield- like flat foot, older
specimens as long as 15 cm, linear, attenuated at both
ends; pinnately branched at the base, often naked at the
apices, sometimes slightly bifurcate at the tips with the
margins baset with acute proliferations, branches long,
linear, tapering towards the apex, ending acuminate into
a sharp point or bifurcate, about 2 mm in diameter.

Vouchers: CL26, 23 Feb. 2005 (JR and SPA); PS5, 24
Dec. 2004 (JR and SPA); epilithic in mid-littoral rocks
facing the open sea and also in lagoon.

Remarks on taxon: Reported from Visakhapatnam
(Umamaheswara Rao and Sreeramulu 1970), Mandapam
(Kalimuthu et al. 1992), Mahabalipuram (Srinivasan
1960), Cape-comorin (Boergesen 1938), Tuticorin
(Krishnamurthy and Joshi 1969), Tiruchendur
(Krishnamurthy 1980), Mangalore (Vidyavathi and
Sridhar 1991), Anjuna coast (Agadi 1983) and Malwan
(Dixit 1940).

Two varieties of Grateloupia filicina occurred in Orissa

coast. Those which occurred in the sea coast attached to
rocks were either dark red or greenish red, long with
slightly flattened thallus with less branching, where as
those occurred in the Chilika lagoon at 6-10 ppt salinity
were greenish red, short and busy with less flattened
thallai. Variation in the thallus structure of the alga at
different localities of India showed that there exist a lot
of polymorphism in G. filicina of Indian coast which
might be due to different nature of the substratum /
habitats along the coast line.

18. Grateloupia lithophila Børgesen (Børgesen F. 1938)
(Fig. 21) 

Plant bushy, green in color, gelatinous and slippery, 5-
10 cm in high, erect, linear, flattened, tapering to apex,
shortly stipitate and anchored by small holdfasts.

Voucher: PS6, 24 Dec. 2004 (JR and SPA); epilithic in
upper and mid-littoral rocks facing the open sea.

Remarks on taxon: Reported from Visakhapatnam
(Umamaheswara Rao and Sreeramulu 1964), Mandapam
(Kalimuthu et al. 1992), Krusadai island (Boergesen
1938), Tuticorin (Krishnamurthy and Joshi 1969), Cochin
(Chennubhotla et al. 1987), Tiruchendur (Balasundaram
1985), Kovalam (Sobha et al. 1988), Mangalore
(Vidyavathi and Sridhar 1991), Karnataka coast
(Untawale et al. 1989), Goa (Dhargalkar 1985) and
Bombay (Lewis and Gonzalves 1962).

19. Catenella impudica (Montagne) Agardh (Agardh,
J.G. 1852)  (Fig. 18)

Frond decumbent, slightly flabellately expanded,
articulate with deep constriction between the segments,
irregularly di-or trichotomously branched, branches
subterminally formed, tips of ultimate segments being
prolonged into terete acuminate apices, segments
obovate, young segments scattered. 

Voucher: BM5, 17 Feb. 2005 (JR and SPA); epiphytic,
attached to pnematophores of mangrove and barnacles.

Remarks on taxon: Reported from Godavari estuary
(Rao and Narsimha 1995) and Gopnath (Sreenivasa Rao
and Kale 1970). 

20. Compsopogon aeruginosus (J. Agardh) Kützing
(Kützing F.T. 1849) (Fig. 22)

Thallus length variable, about 20 cm long, mature
plant up to 1.5 mm in diameter, young thalli green in
colour, changing to blue-green or grey and purplish at
the end of growth period, fairly well branched, main axis
up to 0.5 mm thick, branches usually erect. Voucher:
KC4, 16 Jan. 2005 (JR and SPA); epilithic and attached to
cemented poles of a bridge in an estuary.

Remarks on taxon: Reported from Gujarat coast
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(Desikachary et al. 1990)
21. Gelidium divaricatum Martens (Martens G. von.

1868) (Fig. 19) 
Thalli purplish brown, somewhat cartilaginous, small,

5-8 cm high, creeping and decumbent, filiform,
bipinnately or tripinnate branched, rather irregular at
times, fronds flattened, 0.5 to 2 mm wide. 

Voucher: PS7, 24 Dec. 2004 (JR and SPA); GS6, 31 Dec.
2004 (JR and SPA); GS7, 23 Jan. 2005 (JR and SPA); occur
as dense mat or clump on upper intertidal rocks.

Remarks on taxon: Reported for the first time from
Paradeep port and Gopalpur-on-sea of the Indian coast.

DISCUSSION

Totally 21 species of macro-algae (seaweeds) were
reported from the coastal region of Orissa state. Of these
9 species belong to Chlorophyta, 10 to Rhodophyta and 2

to Phaeophyta group. Enteromorpha usneoides and
Gelidium divaricatum were reported first from India.
Enteromorpha linza, E. clathrata, Colpomenia sinuosa,
Dictyota dichotoma, Catenella impudica, Compsopogon
aeruginosus and Grateloupia lithophila were the new
records for Orissa coast. All these marine macro-algae
occurred in abundance during the period from October
to February in the coast of Orissa when the air
temperature was moderate between 20 to 32°C. During
summer from April to June, when the air temperature
was invariably in the range of 35 to 45°C, the quantity of
all these algae was decreased, and certain taxa e.g.
Dictyota dichotoma, Grateloupia filicina, Ulva lactuca and
Ulva faciata did not occur indicating that these were
temperature sensitive forms. Further, the low species
richness of the Orissa coast compared to southern and
western coasts of India is due to fewer rocky and/or
coral substratum in this region. In general, the Orissa
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Fig. 23. Map showing distribution of marine macro-algae in the Orissa coast and also their occurrence in other coastal zones of India.



coast harbour a complex variety of marine algae, many
of which have their distribution in other parts of Indian
coast (Fig. 23). Diversity of marine algae in the coast
showed that members of Rhodophyta were dominant
followed by Chlorophyta which follow a tropical
distributional pattern of marine algae in this region. 
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INTRODUCTION

The Euglenophyceae are a group of unicellular flagel-
lated organisms found on moist soil, in freshwaters and
also in marine environments. The class is characterized
by solitary unicells (only one colonial genus exists) with
two anteriorly inserted flagella of which one is emergent,
condensed chromosomes throughout the cell cycle, a
paraxial rod associated with one or both flagella, a pro-
teinaceous pellicle composed of individual strips each of
which is lined by microtubules and a beta-1,3 glucan
storage product known as paramylum.

There are several publications on euglenophytes of
India (Gonzalves and Joshi 1943; Hosmani 1976; Kamat
and Frietas 1976; Patel and Waghodekar 1981; Hosmani
and Bharati 1983; Bhoge and Ragothaman 1986; Prasad
and Chaudhary 1986; Chaudhary and Prasad 1986;
Hegde and Bharati 1986; Hegde and Isacs 1988;
Srivastava and Odhwani 1990; Habib and Pandey 1990;
Waghodekar and Patel 1991; Shaji and Patel 1991; Sinha
2002), however, all these work have been confined to cer-
tain specific localities of western and northern parts of
India. Orissa state, located in the east coast of India (Lat.
17° 48’-23° 34’ N & Long. 81° 24’-87° 29’ E) has an area of
1,55,842 km2 and is rich in water bodies due to its several
diurnal and perennial rivers, reservoirs, lakes, ponds and
ditches, cold springs, streams in the hilly terrain etc.
Hence it was expected that many euglenophytes might
be occurring in this part of India. Through intensive
research for over a period of two years we for the first

time reported sixty taxa of Euglenaceae from this region. 

MATERIALS AND METHODS

A total of 46 samples were collected from 30 different
sites comprising of various habitats, e.g. sewage, road-
side stagnant water, pond, ditch, lake, reservoir, river,
stream and rice fields of Orissa during September 2003 to
August 2005. The location of each site was determined
with a Garmin 12 GPS receiver (Table 1). Samples were
collected in sterilized Tarson specimen tubes using a
plankton net (45 µm pore size). The samples were kept
cool in an ice chest while being transported to the labora-
tory. After initial observation, materials were fixed in
Lugol’s iodine solution (0.5%) to immobilize the cells to
facilitate microscopic examination. Each sample was
assigned with a voucher number along with the date of
collection, preserved in 4% (v/v) formaldehyde and
deposited at the Department of Botany, Utkal University.
Temperature, pH and conductivity of each collection site
was measured on spot using portable thermometer, pH
meter (131E, Electronics India) and conductivity meter
(621E, Electronics India) respectively. Microphotograph
of each specimen was taken using a Meiji Trinocular
Research microscope fitted with Nikon FX-801 camera.
Morphometric analysis was carried out using Erma
micrometers. The organisms were identified following
Huber-Pestalozzi (1955), Sinha (2002) and Marin et al.
(2003).

RESULTS AND DISCUSSION

Details about the site of collection, habitat, pH, tem-
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perature and conductivity of the water at the time of col-
lection and voucher number of each sample has been
depicted in Table 1. Description of each organism and
systematic enumeration is presented. 

Genus: Euglena Ehrenberg 
Green, phototrophic, chloroplast discoid, shield-

shaped or ribbon-shaped, entire or dissected, with or
without pyrenoids, pyrenoid naked or sheathed with
paramylum grains, one eyespot  present at the anterior of
the cell, cells  never completely rigid,  show some level of

euglenoid movement (metaboly) ranging from slight to
extreme, cell body  asymmetrical and somewhat flat-
tened, cells with a single emergent flagellum,  in some
species the flagellum is short and not detectable with
light microscope, contractile vacuole  present and expels
into the reservoir. 

1. Euglena acus Ehrenberg var. angularis Johnson
(Plate 1, fig. 1 & 2)

Cells green, solitary, long, cylindrical; curved  at the
middle; sharp pointed posterior end, truncate anterior
end; chloroplast numerous, discoid;  paramylum bodies
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Table 1. List of the sites of collection showing latitude, longitude, voucher no., nature of the habitat along with the temperature, pH
and conductivity at the time of collection.

Station Place of collection Latitude Longitude Voucher Habitat Tempera pH Conductivity
no. (S) no. ture (°C) (µS)

1 Similipal, Mayurbhanj 22°06’15.6”E 86°31’11.8”N 39I Pond 26 6.3 78
2 Baliapal, Balasore 21°40’9.36”E 87°04’7.56”N 404 Ditch 28 6.7 268
3 Chandipur, Balasore 21°26’9.27”E 87°00’4.33”N 399 Pond 29 8.1 546
4 Chandipur, Balasore 21°26’9.27”E 87°00’4.33”N 398 Muddy substratum 27 6.5 282
5 Balasore 21°28’76.2”E 86°57’10.6”N 401 Drain 28 8.1 412
6 Niali, Cuttack 20°13’29.6”E 86°05’11.1” N 89 Pond 27 8.6 782
7 Chandaka, Bhubaneswar 20°26’58.1”E 85°46’51.9”N B-96 Stream, Tank 26 5.8 186
8 Daspur, Bhubaneswar 20°25’18.5”E 85°47’37.0”N B-80 Flooded rice field 27 6.6 196
9 Acharya vihar, 20°17’47.8”E 85°49’59.3”N B-103 Puddle 29 7.8 254

Bhubaneswar 
10 Nico Park, Bhubaneswar 20°17’7.14”E 85°50’3.43”N B-105 & Sewage tank 30 8.2 349

B-110
11 Tnakapani road, 20°14’33.8”E 85°52’1.19”N B-8 Sewage tank 29 8.4 378

Bhubaneswar
12 Vani Vihar Lake, 20°17’54.5”E 85°50’38.4”N B-22 Polluted lake 27 8.8 406

Bhuabaneswar
13 Bhejiput, Ganjam 19°42’24.6”E 85°11’37.7”N 458 Pond 27 9.2 679
14 Pathara, Ganjam 19°38’32.6”E 85°10’15.5”N 457 Pond 28 7.8 568
15 Nirmaljhar, Khallikote, 19°36’07.1”E 85°04’00” N N1 Stream 27 5.6 123

Ganjam
16 Krushnaprasad, Puri 19°38’03.8”E 85°15’47.2”N 467 Pond 28 8.2 412
17 Krushnaprasad, Puri 19°38’14.3”E 85°15’42.2”N 468 Puddle 28 7.6 372
18 New bus-stand, 19°18’52.6”E 84°47’56.5”N 158 Pond 28 9.2 780

Brahmapur
19 Rushikulya river, 19°31’03.8”E 84°53’19.6”N 284 River 32 8.1 328

Tara Tarini, Ganjam
20 Aska, Ganjam 19°38’5.11”E 84°41’36.5”N 288, 289 Effluent of sugar factory 31 7.8 1476
21 Maniakati, Ganjam 19°48’7.59”E 84°22’46.3”N 135 Drain at tube well 29 7.4 293
22 Pipalpanka, Ganjam 19°51’53.6”E 84°17’38.6”N 226 River 29 6.2 102
23 Sonapur, Ganjam 19°06’24.3”E 85°44’19.2”N 475 Pond 28 8.4 484
24 Sonapur, Ganjam 19°08’14.5”E 4°46’09.6”N 476 Drying pond
25 Digapahandi, Ganjam E 19°22’33.3” 84°34’24.8”N 495, 496, Pond 29 8.4 741

497 & 499
26 Dharmpur, Ganjam 19°25’12.3”E 84°30’09.9”N 504 & 505 Pond 27 8.6 403
27 Maliguda, Koraput 18°49’53.4”E 82°39’51.6”N 315 Puddle 29 7.6 173
28 Bargarh 21°19’58.4”E 83°37’10.6”N 443 Puddle 27 7.4 198
29 Padmapur, Bargarh 21°19’26.2”E 83°36’42.3”N 450 Puddle 29 6.4 415
30 Bargarh 21° 19’58.3”E 83°37’11.6”N 449 Puddle 26 7.3 351



many, long, rod shaped; central nucleus; stigma promi-
nent; cell 177-288 µm long, 7-18 µm broad. Occurred as
green patch on moist soil, in pond water; voucher num-
ber, site and date: 476, Digapahandi, Ganjam (S-24;
Temp. 28°C; pH 6.8; Conductivity 342 µs); June 5, 2005.

2. Euglena agilis Carter (Plate 1, fig. 3)
Cells green, fusiform, metabolic; anterior end rounded

or truncate, posterior end tapered; central region widest;
two small parietal chloroplast with double pyrenoids;
paramylum numerous, rounded; nucleus central; stigma
prominent; cell 42.3-43 µm long, 14-15 µm broad.
Occurred as scum in puddle; voucher number, site and
date: 468, Krushnaprasad, Puri (S-17; Temp. 28°C; pH
7.6; Conductivity 372 µs); June 4, 2005.

3. Euglena bivittata Conrad (Plate 1, fig. 4)
Cells dark green, spindle shaped; anterior narrow

rounded end, posterior broad conical with a small tail
(cauda), pointed; pellicle spirally striae, highly plastic;
stigma anterior; chloroplast two, positioned at the anteri-
or and the posterior end of the cell; paramylum bodies
two; nucleus central; cell 40-60 µm long, 13-16 µm broad.
Occurred as blackish bloom in pond; voucher number,
site and date: 449, puddle, Bargarh (S-30; Temp. 26°C;
pH 7.3; Conductivity 351 µs); March 28, 2005.

4. Euglena caudata Hübner (Plate 1, fig. 5)                            
Cells green, ovoid or spindle shaped; anterior end con-

ical, posterior end pointed; chloroplasts numerous;
paramylum bodies two; nucleus basal; flagellum equal to
body length; cell 60-110 µm long, 15-38 µm broad.
Occurred as bloom in pond; voucher number, site and
date: 457, Pathara, Ganjam (S-14; Temp. 28°C; pH 7.8;
Conductivity 568 µs); June 4, 2005.

5. Euglena clara Skuja (Plate 1, fig. 6)                                 
Cells green, fusiform or spindle shaped, both ends

rounded; anterior end tapered towards end; chloroplast
saucer shaped; flagellum equal to body length; cell 52.6 -
69.6 µm long, 17.4-22.5 µm broad. Occurred as bloom in
pond; voucher number, site and date: 475, Sonapur,
Ganjam (S-23; Temp. 28°C; pH 8.4; Conductivity 484 µs);
June 5, 2005.

6. Euglena clavata Skuja (Plate 1, fig. 7)                                 
Cells dark green, ovoid, spindle shaped, fusiform;

anterior elliptical to conical, posterior tapered into a tail
(cauda); chloroplast numerous, small, rounded;  paramy-
lum ovoid or  disc shaped, each contain a pyrenoid at the
centre; flagellum 2-2.5 times longer than the body length;
nucleus spherical; cell 72.7-80.6 µm long, 33.6 - 37.9 µm
broad. Occurred as bloom in pond; voucher number, site
and date: 457, Pathara, Ganjam (S-14; Temp. 28°C; pH

7.8; Conductivity 568 µs); June 4, 2005.
7. Euglena deses Ehrenberg (Plate 1, fig. 8)
Cells green, cylindrical or fusiform; blunt towards the

anterior end, conical, wide, posterior tapered, blunt;
chloroplast numerous, discoid; cell 60-90 µm long, 15.2-
30 µm broad. Occurred as bloom in pond; voucher num-
ber, site and date: 497, Digapahandi, Ganjam (S-25;
Temp. 29°C; pH 8.4; Conductivity 741 µs); Aug. 8, 2005.

8. Euglena elastica Prescott (Plate 1, fig. 9)                            
Cells green, spindle shaped, much swollen in mid

region, both ends tapered; anterior end conical, posterior
narrow, swollen and knob like; chloroplast discoid;
paramylum bodies numerous; stigma prominent; cell 43-
72 µm long, 15-20 µm broad. Occurred as bloom in pond;
voucher number, site and date: 505, Dharmpur, Ganjam
(S-26; Temp. 27°C; pH 8.6; Conductivity 403 µs); June 5,
2005.

9. Euglena gracilis Klebs (Plate 1, fig. 10)
Cells green, cylindrical or fusiform, highly plastic;

anterior end rounded, posterior end narrow, blunt;
chloroplast numerous; three large paramylum, discoid or
rounded; flagellum short clear; stigma prominent; cell
60-62 µm long, 13-14.8 µm broad. Occurred as dark green
bloom in pond; voucher number, site and date: 505,
Dharmpur, Ganjam (S-26; Temp. 27°C; pH 8.6;
Conductivity 403 µs); Aug. 8, 2005. 

10. Euglena haematodes (Ehrenberg) Lemmermann.
(Plate 1, fig. 11)

Cells green, ovoid to ellipsoid or fusiform; posterior
end blunt, anterior end conical; chloroplast entire, pari-
etal; paramylum bodies numerous, small, ovoid, grains
like; cell 81.6-91 µm long, 20.4-35 µm broad. Occurred as
bloom in pond, voucher number, site and date: 158, bus
stand, Brahmapur, Ganjam (S-18; Temp. 28°C; pH 9.2;
Conductivity 780 µs); Feb. 6, 2004.

11. Euglena hemichromata Skuja (Plate 1, fig. 12)
Cells green, elongate, metabolic, fusiform to cylindri-

cal; anterior end truncated, posterior end slightly
swelling and constricted into a short tail (cauda); chloro-
plast numerous, ovoid; two paramylum bodies, disc
shaped; nucleus central; cell 90-93 µm long, 18-19 µm
broad, tail 3-4 µm long. Occurred as plankton in pond;
voucher number, site and date: 504, Dharmpur, Ganjam
(S-26; Temp. 27°C; pH 8.6; Conductivity 403 µs); Aug 8,
2005. 

12. Euglena ignobilis Johnson (Plate 1, fig. 13)
Cells green, cells more or less cylindrical and curved;

anterior end slightly narrow, posterior end tapered to a
short tail; pellicle with prominent striae; chloroplast
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Plate 1. (Fig. 1-13) 1. & 2. Euglena acus Ehrb. var. angularis Johns., 3. E. agilis Cart., 4. E. bivittata Conr., 5. E. caudata Hüb., 6. E. clara
Skuja, 7. E. clavata Skuja, 8. E. deses Ehrb., 9. E. elastica Presc., 10. E. gracilis Klebs., 11. E. haematodes (Ehrb.) Lemm., 12. E. hemichro-
mata Skuja, 13. E. ignobilis Johns. (Scale bar: 1-3, 5-10, 12 = 10 µm; 4, 11, 13 = 20 µm)



numerous, small, rounded; paramylum two, oblong, one
each in posterior and anterior ends; nucleus central, stig-
ma prominent; cell 70-85 µm long, 5-8 µm broad.
Occurred in rice field; voucher number, site and date:
B80, Daspur, near Chandaka Forest, Bhubaneswar (S-8;
Temp. 27°C; pH 6.6; Conductivity 196 µs); Jan. 29, 2004.

13. Euglena oblonga Scmitz. (Plate 2, fig 1)
Cells green, elongate or fusiform to cylindrical; anteri-

or tapered into rounded end, posterior end broad, blunt;
chloroplasts 16-25, parietal; paramylum numerous,
rounded; cell 53-57.8 µm long, 11-17 µm broad. Occurred
as green mat on mud surface in a drying pond; voucher
number, site and date: 398, Chandipur, Balasore (S-4;
Temp. 27°C; pH 6.5; Conductivity 282 µs); Jan.14, 2005.

14 Euglena oxyuris Schamarda var. charkowiensis
Swirenko (Plate 2, fig. 2)

Cells green, elongated, cylindrical, bent but twisted;
anterior end curved, posterior end blunt with a pointed
tail; pellicle yellowish green with spiral rows; chloroplast
numerous, small, ovoid; two large paramylum bodies
(27-30 µm long, 13-16 µm broad) numerous; stigma
prominent; cell 130.5-145.5 µm long (with tail), 17.6-21
µm broad, tail 24-31 µm long, Occurred as epiphytic;
voucher number, site and date: B103, ditches, puddles,
Acharya Vihar, Bhubaneswar (S-9; Temp. 29°C; pH 7.8;
Conductivity 254 µs); April 25, 2004.

15. Euglena platydesma Skuja (Plate 2, fig. 3)
Cells green, elongated, triangular in cross section; pel-

licle twisted; anterior end rounded, posterior end with a
long tail; chloroplast numerous, small, rounded; paramy-
lum numerous; cell 137.3-152.3 µm long (with tail), 13.6-
19 µm broad, tail 15-22 µm long. Occurred as bloom in
sewage tank; voucher number, site and date: B105, pol-
luted tank and slow running water; Nico park,
Bhubaneswar (S-10; Temp. 30°C; pH 8.2; Conductivity
349 µs); April 15, 2004.

16. Euglena proxima Dangeard (Plate 2, fig. 4 & 5)
Cells green fusiform; blunt towards the anterior end,

tapered gradually to a pointed posterior end; changing
shape markedly by contraction or bulging, easily round-
ing up on irritation; chloroplast numerous, irregularly
disc shaped; paramylum bodies numerous, small rod
shaped and scattered throughout the cell; cell 50-95 µm
long, 15-21 µm broad; cyst rounded, 23-30 µm diameter.
Occurred as scum on distillery effluent canal; voucher
number, site and date: 288 & 289, Aska sugar factory,
Ganjam (S-20; Temp. 31°C; pH 7.8; Conductivity 476 µs);
July 4, 2004.         

17. Euglena sociabilis Dangeard (Plate 2, fig. 6)

Cells deep green, spindle shaped, or ellipsoid; anterior
end conical, posterior end tapered to a tail (cauda), blunt;
chloroplast numerous, spindle shaped; paramylum bod-
ies discoid; cell 76 µm long and 25 µm broad. Occurred
as slime on floor of a stream and also in pond; voucher
number, site and date: B76, Chandaka, Bhubaneswar (S-
7; Temp. 26°C; pH 5.8; Conductivity 186 µs); Jan. 29,
2004.

18. Euglena trisulcata Johnson (Plate 2, fig. 7)
Cells green, elongate; anterior rounded, posterior end-

ing with a twisted tail (cauda); pellicle with clear twisted
striae; triangular ridge at the middle and at the posterior
end; chloroplast numerous, small, rounded; paramylum
two long rods like structure, one in front and other
behind the nucleus; stigma prominent; cell 75-88 µm
long, 6-12 µm broad, tail 8 - 11 µm long. Occurred as epi-
phytic in river bed; voucher number, site and date: 226,
stream, Rusikullya river, near Pipalpanka, Ganjam (S-22;
Temp. 29°C; pH 6.2; Conductivity 102 µs); April 1, 2004.

19. Euglena wangi Chu (Plate 2, fig. 8)
Cells green, fusiform or sub cylindrical; anterior end

conical, posterior end tapered into a caudal prolongation;
central region wide; chloroplast numerous, small, disc
shaped; paramylum grains just beneath the periplast,
prominent; nucleus central; cell 57.3-82.4 µm long, 17-
29.3 µm broad. Occurred as bloom in pond; voucher
number, site and date: 467, Krushnaprasad, Puri (S-16;
Temp. 28°C; pH 8.2; Conductivity 412 µs); June 4, 2005.

Genus: Colacium Ehrenberg
Cells colonial, attached to others by gelatinous stalk

emerging from anterior end, stalk mucilaginous, cell
with thin mucilaginous sheath, individual cell pyriform,
ellipsoidal or cylindrical, without flagellum, chloroplast
discoidal,  numerous, with central pyrenoid, stigma pre-
sent, pellicles soft, euglenoid movement rarely seen,
multiplication by longitudinal fission; freshwater forms,
epiphytic on filamentous algae and aquatic angiosperms.

1. Colacium cyclopicola (Gickelhorn) Bourrelly (Plate 2,
fig. 9)

Cells yellowish, ovoid, elliptical or spindle shaped;
paramylum bodies small, rounded; chloroplast numer-
ous; stigma prominent; cell 11-26 µm long, 8.2-13.6 µm
broad. Occurred as epiphytic in a ditch, attached to sub-
merged dead plant materials; voucher number, site and
date: B103, Acharya vihar, Bhubaneswar (S-10; Temp.
30°C; pH 8.2; Conductivity 349 µs); April 25, 2004.

Ratha et al.: Euglenophytes from Orissa    65



66 Algae Vol. 21(1), 2006

Plate 2. (Fig. 1-16) 1. Euglena oblonga Scmitz., 2. E. oxyuris Sch. var. charkowiensis Swir. 3. E. platydesma Skuja, 4. & 5. E. proxima Dang.,
6. E. sociabilis Dang., 7. E. trisulcata Johns., 8. E. wangi Chu, 9. Colacium cyclopicola (Gickelh.) Bourr., 10 & 11. Lepocinclis acus Ehrb.,
12. Lepocinclis elongata (Swir.) Conr., 13. L. fusiformis (Carter) Lemm., 14. L. ovum (Ehrb.) Lemm., 15. L. ovum (Ehrb.) Lemm. var.
bütschlii (Lemm.) Conr., 16. L. ovum (Ehrb.) Lemm. var. discrifera Conr. (Scale bar: 1-7, 9, 13 = 20 µm; 8, 10-12, 14-16 = 10 µm) 



Genus:  Lepocinclis Perty
Phototrophic, solitary, without envelope, chloroplast

small, discoid, without  pyrenoid,  eyespot and flagellar
swelling present,  cell rigid,  euglenoid movement not
seen, pellicular striations  pronounced and running lon-
gitudinally; two large paramylum rings in many species,
peripheral, lying opposite one another in the anterior
half of the cell, contractile vacuole present.  

1. Lepocinclis acus Ehrenberg (Plate 2, fig. 10 & 11)
Cells green, solitary, long, elongate, spindle shaped;

sharply pointed posterior end, truncate anterior end;
chloroplast numerous, disk shaped; paramylum bodies
two to several, short rod shaped; nucleus central; stigma
prominent; cell 170-230 µm long, 7-15 µm broad.
Occurred as bloom in pond; voucher number, site and
date: 497, Digapahandi, Ganjam (S-25; Temp. 29°C; pH
8.4; Conductivity 741 µs); Aug. 8, 2005.

2. Lepocinclis elongata (Swirenko) Conard (Plate 2, fig.
12)

Cells green, spindle shaped; anterior end conical, pos-
terior tapered into a long blunt end; chloroplast numer-
ous; paramylum bodies ovoid; stigma prominent; cell
106-109 µm long, 35-50 µm broad. Occurred as dark
green patch on mud surface; voucher number, site and
date: 476, Sonpur, Ganjam, (S-24; Temp. 28°C; pH 6.8;
Conductivity 342 µs); June 5, 2005. 

3. Lepocinclis fusiformis (Carter) Lemmermann, Emend,
Conrad (Plate 2, fig. 13)

Cells blackish green, ovoid to ellipsoid; anterior end
blunt, posterior end rounded or slightly pointed; chloro-
plast numerous, discoid; paramylum bodies ring shaped,
marginal; cell 44-49 µm long, 28-32 µm broad. Occurred
as reddish scum in ditch; voucher number, site and date:
404, Gandji chhak, Baliapal road, Balasore, (S-2; Temp.
28°C; pH 6.7; Conductivity 268 µs); Jan. 14, 2005.

4. Lepocinclis ovum (Ehrenberg) Lemmermann (Plate 2,
fig. 14)

Cells dark green, ovoid or ellipsoid; anterior end
rounded, a small cuada present in posterior end; chloro-
plast numerous, discoid, marginal, without pyrenoids;
paramylum large, ring shaped; nucleus central; cell 20-40
µm long, 14-17 µm broad. Occurred as bloom in pond;
voucher number, site and date: 457, Pathara, Ganjam (S-
14; Temp. 28°C; pH 7.8; Conductivity 568 µs); June 4,
2005.

5. Lepocinclis ovum (Ehrenberg) Lemmermann var.
bütschlii (Lemmermann) Conrad (Plate 2, fig. 15) 

Cells yellowish green, solitary ovo-cylindrical; anterior
rounded, posterior strait with short projection cauda;

pellicle spirally striated; chloroplast discoid, numerous,
without pyrenoids; paramylum ring shaped; cell 20-42
µm long, 17-23 µm broad. Occurred as bloom in pond;
voucher number, site and date: 458, Bhejibuti, Khurda (S-
13; Temp. 27°C; pH 9.2; Conductivity 679 µs); June 4,
2005.

6. Lepocinclis ovum (Ehrenberg) Lemmermann var. dis-
cifera Conrad (Plate 2, fig. 16.)

Cells green, ovoid, both ends rounded; posterior end
slightly projected out; chloroplast numerous, discoid,
marginal; paramylum ring shaped; cell 20-41 µm long,
17-32.6 µm broad. Occurred as bloom in pond; voucher
number, site and date: 457, Pathara, Ganjam (S-14; Temp.
28°C; pH 7.8; Conductivity 568 µs); June 4, 2005. 

7. Lepocinclis salina Fritsch (Plate 3, fig. 1)
Cells green, ovoid; rigid, with spirally striated pellicle;

a short projection present in the anterior end; stigma
prominent; chloroplast numerous, discoid, marginal;
paramylum body ring shaped, large; cell 30-43.3 µm
long, 22-34.2 µm broad. Occurred as bloom in pond;
voucher number, site and date: 505, Dharmpur, Ganjam
(S-26; Temp. 27°C; pH 8.6; Conductivity 403 µs); Aug. 8,
2005.

8. Lepocinclis wangi Perty (Plate 3, fig. 2)
Cells green, more or less ovo-cylindrical; spirally stri-

ated pellicle; posterior end often with a spinus projection
or sometimes  tapered to small tail (cauda), anterior end
rounded with small teat; stigma sometimes present;
chloroplast numerous, discoid and marginal; paramylum
bodies large and ring shaped, laterally disposed, without
pyrenoids; nucleus central; cell 42-70 µm long , 21-27.3
µm broad. Occurred as bloom in pond; voucher number,
site and date: B8, Tankapani road, Bhubaneswar (S-11;
Temp. 29°C; pH 8.4; Conductivity 378 µs); Dec.14, 2003.

Genus: Phacus Pochmann             
Green, photosynthetic, solitary, highly flattened, pelli-

cle firm, body form constant, paramylum bodies round-
ed, one or many, chloroplasts small, discoid, most
species flat and leaf-shaped, often with ridges or fins
running helically or longitudinally.

1. Phacus acuminatus Stokes (Plate 3, fig. 3)
Cells green, solitary, flattened, ovoid or triangular;

anterior end slightly narrow and rounded, posterior end
broader and ending with a conical tail (cauda); apical
groove up to hind end; pellicle striae, longitudinal;
chloroplast small, numerous; paramylum bodies two to
several, ring like or several discs; cell 98-100.4 µm long,
70.2-71.6 µm broad. Occurred as plankton in pond;
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voucher number, site and date: 458, Bhejiput, Khurda (S-
13; Temp. 27°C; pH 9.2; Conductivity 679 µs); June 4,
2005.

2. Phacus acuminatus Stokes var. granulata (Roll) Huber
- Pestalozzi (Plate 3, fig. 4)

Cells green, solitary, flattened, ovoid; anterior end
rounded, posterior end wide and ending with a conical,
short tail; pellicle longitudinally striated; chloroplast
numerous; paramylum single, large, central; cells 27.2-
37.5 µm long, 22.5-28.4 µm broad. Occurred as bloom in
pond; voucher number, site and date: 89, Niali, Cuttack
(S-6; Temp. 27°C; pH 8.6; Conductivity 782 µs); Oct.18,
2003. 

3. Phacus ankylonoton Pochmann (Plate 3, fig. 5)
Cells green, cells ovoid or elliptical and slightly asym-

metrical with a short tail; chloroplast numerous, discoid,
marginal; paramylum usually two, unequal and
arranged along the long axis; cell 21-25 µm long, 11-16
µm broad. Occurred as bloom in sewage water; voucher
number, site and date: B103, Nico park, Acharya Vihar,
Bhubaneswar (S-10; Temp. 30°C; pH 8.2; Conductivity
349 µs); April 25, 2004.

4. Phacus agilis Skuja (Plate 3, fig. 6)
Synonym: Cryptoglena skujai Marin et Melkonian 
Cells green, ovoid, laterally compressed with a median

longitudinal furrow; lateral chloroplasts; two lateral
paramylum, large and shell like; pellicle rigid; cell 25-
51.2 µm long, 15-26.4 µm broad. Occurred as bloom in
pond; voucher number, site and date: 457, Pathara,
Ganjam (S-14; Temp. 28°C; pH 7.8; Conductivity 568 µs);
June 4, 2005.

5. Phacus anomalus Fritsch (Plate 3, fig. 7)
Cells green, solitary, flattened, leaf shaped, asymmetri-

cal, in two diagonal halves; posterior end with sharp
pointed curved tail (cauda); chloroplast numerous, small,
discoid; paramylum single, small at the posterior end
without pyrenoids; pellicle longitudinally striated; cell
61-62 µm long, 20-35 µm broad. Occurred as plankton in
pond; voucher number, site and date: 497, Digapahandi,
Ganjam (S-25; Temp. 29°C; pH 8.4; Conductivity 741 µs);
Aug.8, 2205.

6. Phacus caudatus Hubner (Plate 3, fig. 8)
Cells green, solitary, flattened, ovoid; a straight tail

(cauda) present at the posterior end, sharply pointed;
pellicle longitudinally striated; chloroplast numerous;
paramylum bodies two, unequal, arranged along the
long axis, smaller one at the hind end; cell 40-43.2 µm
long, 26.4-27.2 µm broad. Occurred as planktonic in
pond; voucher number, site and date: 495, Digapandi,

Ganjam (S-25; Temp. 29°C; pH 8.4; Conductivity 741 µs);
Aug. 8, 2005.

7. Phacus curvicauda Swirenko (Plate 3, fig. 9)
Cells green, flattened, ovoid to suborbicular; anterior

narrow, posterior broadly rounded with a blunt short tail
(cauda), slightly curved; pellicle longitudinal striated;
paramylum bodies two, rounded, axial; chloroplast
numerous, discoid and marginal; cell 21-38.2 µm long,
18-25 µm broad. Occurred as plankton in pond; voucher
number, site and date: 504, Dharmpur, Ganjam (S-26;
Temp. 27°C; pH 8.6; Conductivity 403 µs); Aug. 8, 2005.

8. Phacus carinatus Pochmann (Plate 3, fig. 10)
Cells green, ovoid, anterior rounded; posterior drawn

out into a straight sharp tail; periplast longitudinally stri-
ated; paramylum usually two, unequal, smaller at the
lower end; chloroplast numerous, small, rounded; cell
34-45 µm long, 25-35 µm broad. Occurred as scum or
bloom in puddle; voucher number, site and date: 443,
roadside puddle, Bargarh (S-28; Temp. 27°C; pH 7.4;
Conductivity 198 µs); March 28, 2005.

9. Phacus ephippion Pochmann (Plate 3, fig. 11)
Cells green, pear shaped, curved like a saddle with

folds along the margin; anterior end broadly rounded
and notched; posterior end proceed into a tail about half
of the body; paramylum seated; cell 40-55 µm long (with-
out tail), 23-29 µm broad with l6-20 µm long tail.
Occurred as bloom in pond; voucher number, site and
date: 158, pond, new bus stand, Brahmapur, Ganjam (S-
18; Temp. 28°C; pH 9.2; Conductivity 780 µs); Feb.6,
2004.

10. Phacus gigas Cunha  (Plate 3, fig. 12)
Cells green, solitary, flattened; ovoid or rounded ante-

rior end, a long pointed projection (cauda) in the posteri-
or, curved; a small notch at the middle of lateral side;
chloroplast numerous, small, irregular shaped; paramy-
lum large, single at central of the cell; pyrenoid absent;
cell 40-77 µm long, 21-38.4 µm broad. Occurred as green-
ish bloom in a drying pond; voucher, site and date: 476,
Sonapur, Ganjam (S-24; Temp. 28°C; pH 6.8;
Conductivity 342 µs); June 5, 2005.

11. Phacus hamatus Pochmann (Plate 3, fig. 13) 
Cells green; cells with hind end ovoid or elliptical;

periplast longitudinally striated; chloroplast numerous,
small, rounded; paramylum two at the central of the
cells; cell 35-49 µm long and 20-26.4 µm broad. Occurred
as bloom in pond; voucher number, site and date: 89,
Niali, Cuttack (S-6; Temp. 27°C; pH 8.6; Conductivity 782
µs); Oct.18, 2003.

12. Phacus hispidulus (Eickwald) Lemmermann (Plate 3,
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Plate 3. (Fig. 1-20) 1. Lepocinclis. salina Fritsch., 2. L. wangi Perty, 3. Phacus acuminatus Stokes, 4. P. acuminatus Stokes var. granulata
(Roll.) Huber - Pestal., 5. P. ankylonoton Pochm., 6. P. agilis Skuja, 7. P. anomalus Fritsch, 8. P. caudatus Hubn., 9.  P. curvicauda
Swir., 10. P. crinatus Pochm., 11. P. ephippion Pochm., 12. P. gigas Cunha, 13. P. hamatus Pochm., 14. P. hispidulus (Eich.) Lemm., 15.
P. ichithydion Pochm., 16. 4. P. longicauda (Ehrb.) Duj., 17. P. moraviensis Pochm., 18. P. oscillans Klebs., 19.  P. peteloti Léfevre, 20.
P. platelea Drez. (Scale bar: 1, 3, 6-9, 12, 15-18 = 10 µm; 2, 5, 10, 11, 14, 19, 20 = 20 µm; 4, 13 = 30 µm)



fig. 14)
Cells green, ovoid; anterior end rounded, papilla

small; posterior coined with shot tail (cauda), slightly
bent; pellicle with minute knobs arranged in longitudinal
rows; stigma prominent; cell 30-43.5 µm long, 17-24.4 µm
broad, tail (cauda) 4-5 µm long. Occurred as plankton in
sewage water tank; voucher number, site and date: B110,
Nicco park, Bhubaneswar (S-10; Temp. 30°C; pH 8.2;
Conductivity 349 µs); April 25, 2004.

13. Phacus ichithydion Pochmann (Plate 3, fig. 15)
Cells green, solitary, cylindrical; posterior tapered into

a tail (cauda) with blunt end; pellicle thin plastic; stigma
anterior; chloroplast discoid; two paramylum bodies
located on either side of nucleus, ovoid; cells 40-54 µm
long, 11.7-12.3 µm broad. Occurred as plankton in pond;
voucher number, site and date: 504, Dharmpur, Ganjam
(S-26; Temp. 27°C; pH 8.6; Conductivity 403 µs); Aug. 8,
2005.

14. Phacus longicauda (Ehrenberg) Dujardin (Plate 3, fig.
16)

Cells green, solitary, ovoid to pyriform; anterior
broadly rounded; posterior end tapered to form a long,
slightly twisted and pointed tail (cauda) about equal to
the body length; pellicle longitudinally striated; paramy-
lum single, ring shaped; chloroplast numerous, small,
discoid; cell 80-120 µm long, 25-43.5 µm broad. Occurred
as epiphyte on submerged leaf surface of hydrophytes in
pond; voucher number, site and date: 499, Digapahandi,
Ganjam (S-25; Temp. 29°C; pH 8.4; Conductivity 741 µs);
Aug. 8, 2005.

15. Phacus moraviensis Pochmann (Plate 3, fig. 17)
Cells green, flattened, ovoid or spherical; anterior

slightly grooved; a short tail (cauda) in the posterior end;
paramylum bodies two; pellicle clearly striated; cell 37.6-
40 µm long, 29.6-30.4 µm broad. Occurred as bloom in
pond; voucher number, site and date: 496, Digapahandi,
Ganjam (S-25; Temp. 29°C; pH 8.4; Conductivity 741 µs);
Aug. 8, 2005.

16. Phacus oscillans Klebs (Plate 3, fig. 18)
Cells green, solitary, ovoid, elliptical, a broad flattened

longitudinal furrow present; anterior broadly rounded,
posterior slightly pointed; pellicle with longitudinal stri-
ae; paramylum bodies two, disc shaped; cell 18-38.2 µm
long, 10-25.1 µm broad. Occurred as bloom in pond;
voucher number, site and date: 457, Pathara, Ganjam (S-
14; Temp. 28°C; pH 7.8; Conductivity 568 µs); June
4,2005.

17. Phacus peteloti Léfevre (Plate 3, fig. 19)
Cells green, ovoid to orbicular; posterior end broader,

abruptly ending into a short sharp inclined tail; pellicle
longitudinally striated; paramylum 1-2 ring shaped; cell
30-32 µm long, 25-27 µm broad. Occurred as plankton in
sewage water; voucher number, site and date: B32, Vani
vihar lake, Bhubaneswar (S-12; Temp. 27°C; pH 8.8;
Conductivity 406 µs); Dec.11, 2003.       

18. Phacus platelea Drezepolski (Plate 3, fig. 20)
Cells yellowish green, cells broadly ovoid, slightly

longer than broad, asymmetrical; a pointed tail in the
posterior end; periplast longitudinally striated; paramy-
lum single, discoid at the centre ; cell 30-35 µm long and
23-27 µm broad; tail 8-10 µm long. Occurred as plankton
in sewage water; voucher number, site and date; B22,
Vani vihar Lake, Bhubaneswar (S-12; Temp. 27°C; pH
8.8; Conductivity 406 µs); Dec.11, 2003.

19. Phacus pusillus Lemmermann (Plate 4, fig. 1)
Cells green, ovoid or spherical; anterior rounded, glob-

ular out growth; posterior with a tail (cauda); chloroplast
numerous, small, rounded; paramylum body single, cen-
tral, ring shaped; pellicle longitudinally striated; cell 27-
28 µm long, 7-10.5 µm broad. Occurred as plankton in
pond; voucher number, site and date: 457, Pathara,
Ganjam (S-14; Temp. 28°C; pH 7.8; Conductivity 568 µs);
June 4, 2005.

20. Phacus tortus (Lemmermann) Skvortz (Plate 4, fig.
2)

Cells green, half of the cells spirally twisted, some
times bilaterally asymmetrical; pellicle spiral; chloroplast
numerous; cell 50-56 µm long with tail, 25.8-32.6 µm
broad. Occurred as bloom in sewage; voucher number,
site and date: B105, Sewage, Nico park, Bhubaneswar (S-
10; Temp. 30°C; pH 8.2; Conductivity 349 µs); April 25,
2004.

21. Phacus triquter (Ehrenberg) Dujardin (Plate 4, fig. 3)
Cells green, broadly ovoid or triangular; anterior end

slightly narrow and rounded; posterior end with a short
conical tail (cauda); apical grove usually reaching up to
the hind end; paramylum single large ring shaped;
periplast longitudinally striated; cell 42.1-46.2 µm long,
31.2-36.7 µm broad, and tail 6-8 µm long. Occurred as
bloom; voucher number, site and date: B105, Polluted
water, Tank, Nico park, Bhubaneswar (S-10; Temp. 30°C;
pH 8.2; Conductivity 349 µs); April 25, 2004.    

22. Phacus westisteini Drezepolski (Plate 4, fig. 4)
Cells green, ellipsoidal; anterior end longitudinally

bifurcated, posterior rounded; chloroplast discoid,
paramylum bodies three, one big and two small; stigma
prominent; cell 38.4-41 µm long, 10-23.6 µm broad.
Occurred as bloom in pond; voucher number, site, and
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Plate 4. (Fig. 1-16) 1. Phacus pusillus Lemm., 2. P. tortus (Lemm.) Skv., 3. P. triqueter (Ehrb.) Duj., 4. P. wetisteini Drez., 5. Trachelomonas.
abrupta Swir. var minor Defl., 6. T. guttata Middelh., 7. T. hispida (Perty) Stein, 8. T. intermedia Dang., 9. T. kelloggii Skov. var. nana
Bal., 10. T. orenburgica Swir., 11. T. placotica Swir. var. oblonga Drez., 12. & 13. T. splendidissima Middelh., 14. T. teres Mask., 15 &
16. T. volvocina Ehrb. var. punctata Playf. (Scale bar: 1, 4-10, 12, 13 = 10 µm; 2, 3, 11, 14, 15, 16 = 20 µm)



date: 457, Pathara, Ganjam (S-14; Temp. 28°C; pH 7.8;
Conductivity 568 µs); June 4, 2005.   

Genus: Trachelomonas Ehrenberg             
Photosynthetic, free-swimming, cells rigid,  encased

within lorica, spherical, shell-like envelope of minerals
and mucilage, cells light green colour with discoid or
shield-shaped chloroplast, a single flagellum emerge
through an opening in the lorica and allow the cell to
swim with a gliding motion, cytoplasm with paramylum
granules. 

1. Trachelomonas abrupta Swirenko var. minor Deflandre
(Plate 4, fig. 5)

Cells slightly reddish brown, rectangular or ovoid;
anterior rounded with a small opening, posterior round-
ed, lorica thick, collar small; chloroplast discoid, paramy-
lum two to three; cell 10-l4.2 µm long, 8-10 µm broad.
Occurred as bloom in pond; voucher number, site and
date: 505, Dharampur, Ganjam, (S-26; Temp. 27°C; pH
8.6; Conductivity 403 µs); Aug. 8, 2005.

2. Trachelomonas guttata Middelshoek (Plate 4, fig. 6)
Cells reddish brown, spherical, oval or ellipsoid; ante-

rior end rounded with short collar, posterior rounded,
lorica thick, reddish, 34 µm long, 21.3 µm broad; chloro-
plast numerous discoid; cell 15-27.3 µm long, 8-18 µm
broad. Occurred as bloom in pond; voucher number, site
and date; 505, Dharampur, Ganjam (S-26; Temp. 27°C;
pH 8.6; Conductivity 403 µs); Aug. 8, 2005.

3. Trachelomonas hispida (Perty) Stein (Plate 4, fig. 7) 
Cells brown, ovoid, anterior end inwards, lorica thick,

chloroplast numerous with two pyrenoids; cell 20-29.4
µm long, 17-22.3 µm broad and collar 1.5-2 µm long.
Occurred as bloom in pond; voucher number, site and
date; 505, Dharampur, Ganjam (S-26; Temp. 27°C; pH
8.6; Conductivity 403 µs); Aug. 8, 2005.

4. Trachelomonas intermedia Dangeard (Plate 4, fig. 8)
Cells brown, sub-spherical to ellipsoid, anterior punc-

tate, pore with a ring like thickening; chloroplast numer-
ous; lorica thick; cell 18-19 µm diameter. Occurred as
bloom in pond, voucher number, site and date: 505,
Dharampur, Ganjam (S-26; Temp. 27°C; pH 8.6;
Conductivity 403 µs); Aug. 8, 2005.

5. Trachelomonas keloggii Skvortzow var. nana Balech
(Plate 4, fig. 9)

Cells brown, ovoid or ellipsoid, both end rounded,
anterior end with short collar, lorica thick, deep brown,
chloroplast numerous, discoid, stigma prominent; cell
21-30.6 µm long, 15-23.3 µm broad. Occurred as bloom in
pond; voucher number, site and date: 505, Dharampur,

Ganjam (S-26; Temp. 27°C; pH 8.6; Conductivity 403 µs);
Aug. 8, 2005.

6. Trachelomonas orenburgica Swirenko (Plate 4, fig. 10)
Cells reddish to yellow, cylindrical or elliptical, lorica

covered with short spine, anterior end rounded with
very short collar, posterior slightly narrow, envelope
reddish brown, regularly punctuated with acute shot
spines; chloroplast numerous, discoid; cell 30-40 µm
long, 10-16.4 µm broad. Occurred as bloom in pond;
voucher no., site and date: 504, Dharampur, Ganjam (S-
26; Temp. 27°C; pH 8.6; Conductivity 403 µs), Aug. 8,
2005.

7. Trachelomonas plactonica Swirenko var. oblonga
Drezepolski (Plate 4, fig. 11)

Cells green, lorica spherical, membrane thick, beset
with tubercles; cell 24-26 µm long (with neck), 17.6-19 µm
broad; collar 3.4-4 µm broad, 3.4 µm long. Occurred as
blackish bloom in road side puddle; voucher number,
site and date: 450, Padmapur, Bargarh (S-29; Temp. 29°C;
pH 6.4; Conductivity 415 µs; March 28, 2005.

8. Trachelomonas splendidissima Middelhoek (Plate 4, fig.
12 & 13)

Cells brownish green, cylindrical or ovoid, both end
rounded, anterior end with collar, collar outword, lorica
thick, chloroplast discoid; cell 37.5-42.3 µm long, 18.7-
23.8 µm broad; collar 3.8-5.2 µm long. Occurred as bloom
in pond; voucher number, site and date: 505,
Dharampur, Ganjam (S-26; Temp. 27°C; pH 8.6;
Conductivity 403 µs); Aug. 8, 2005.

9. Trachelomonas teres Mask (Plate 4, fig. 14)
Cells green, lorica spherical or oval, pore with an

annular ring, membrane smooth, yellowish or transpar-
ent; cell 5.4-8.8 µm long, 3.4-5.4 µm broad. Occurred as
bloom in pond; voucher number, site and date: 39I, ditch,
Similipal, Mayurbhanj (S-1; Temp. 26°C; pH 6.3;
Conductivity 178 µs); March 17, 2003.

10. Trachelomonas volvocina Ehrenberg var. punctata
Playfair (Plate 4, fig. 15 & 16)

Cells reddish brown, lorica spherical or oval, mem-
brane thick; cell 20-22 µm long, 19-20 µm broad.
Occurred as bloom in sewage tank; voucher number, site
and date: B110, Nico park, Bhubaneswar (S-10; Temp.
30°C; pH 8.2; Conductivity 349 µs); April 25, 2004.

ACKNOWLEDGEMENTS

The authors are grateful to Ministry of Environment
and Forest, Govt. of India for financial support through
an All India Coordinated Project on Taxonomy (AICOP-

72 Algae Vol. 21(1), 2006



TAX) of freshwater algae. We thank the Head of the
Departments of Botany and Biotechnology, Utkal
University for providing laboratory facilities.

REFERENCE

Bhoge O.N. and Ragothaman G. 1986. Studies on the
Euglenophyceae from Jalgaon region. Phykos 25: 132-135.   

Chaudhary B.R. and Prasad R.N. 1986. Contributions to the
Karyology of Euglenoid flagellates III. Euglena Ehrenberg.
J. Ind. Bot. Soc. 65: 369-372.

Gonzalves E.A. and Josi D.B. 1943. The algal flora of temporary
waters around Bombay. J. Bombay Nat. Hist. Soc. 11: 34-95.

Habib I. and Pandey U.C. 1990. The Euglenineae from Nakatia
river, Bareilly (U.P.) India. J. Ind Bot Soc. 69: 387-390.

Hegde G.R. and Bharati S.G. 1986. Ecological studies in ponds
and lakes of Dharwad - occurrence of Euglenoid blooms.
Phykos 25: 62-67.

Hegde G.R. and Isacs S.W. 1988. Freshwater algae of
Karanataka state - 1. Phykos 27: 96-103.

Hosmani S.P. 1976. A new species of the genus Phacus, Phacus
bharatii sp. nov. Phykos 15: 29-30.

Hosmani S.P. and Bharati S.G. 1983. Euglenineae of polluted
and unpolluted water. Phykos 22: 130-135.

Huber-Pestalozzi G. 1955. The phytoplankton of fresh water
bodies. XVI: 606.

Kamat N.D. and Freitas J.F. 1976. A check list of Euglenophyceae
and Chlorophyceae of Nagpur, Maharastra. Phykos 15: 121-
125.

Marin B., Palm M., Klingberg M. and Melkonian M. 2003.
Phylogeny and taxonomic revision of plastid-containing
Euglenophytes based on SSU rDNA Sequence comparisons
and synapomorphic signatures in the SSU rRNA secondary
Structure. Protist 154: 99-145.

Patel R.J. and Waghodekar V.H. 1981. The Euglenophyceae of
Gujarat, India I Genus Phacus Duj. Phykos 20: 24-33.

Prasad R.N. and Chaudhary B.R. 1986. Trachelomonas godwardii
and Lepocinclis sarmii two new euglenoid taxa from India
Phykos 25: 75-78.

Shaji C. and Patel R.J. 1991. Contributions to euglenoids of
Kerala, India. Phykos 30: 109-114.

Sinha S. 2002. Industrial effluents and organisms inhabiting them.
Pt. R.S. University Publications, Raipur, India. 174 pp.

Srivastava P.N. and Odhwani B.R. 1990. Trachelomonas Ehr.
(Euglenophyta) from semi arid region of Western
Rajasthan Phykos 29: 121-126.

Waghodekar V.H. and Patel R.J. 1991. Euglenoides of Gujarat:
Genera Heteronema Dujardin and Anisonema (Duji.) Stein.
Phykos 30: 81-86.

Received 16 November 2005
Accepted 22 February 2006

Ratha et al.: Euglenophytes from Orissa    73





서 론

우리나라의 많은 댐저수지에서는 여름철에 남조세균

(cyanobacteria) 수화가 반복하여 발생하고 있는 것이 현실이

다. 남조세균 수화는 호소 양단계 상승에 따른 부 양화의

상징적 현상으로, 심한 이취미를 유발시키며 독성물질을 생

성하는 등, 수자원으로서의 가치와 수중생태계의 균형과 질

서를 파괴한다(Horne and Goldman 1994). 남조세균 수화는

기본적으로 부 양화된 수계가 지닌 환경요인과 Microcystis

속이 가진 생리∙생태적 특성에 기인한다. 여름철 댐저수지

에서의 남조세균 수화 발생의 주요 원인은 질소와 인을 중심

으로 한 양염의 작용, 수온 상승으로 인한 수온성층 형성,

혼합층(mixing zone)과 유광 (euphotic zone) 간의 상호관

계 변화 등으로 변될 수 있다(Fay 1983; Klapper 1991;

Pearl 1996; Mur et al. 1999).  

인공호수와 같은 정체된 수계의 주요한 특징은 빛, 온도,

용존 물질 및 생물군집의 분포가 강 또는 하천과는 달리 계

절적으로 종종 수직구배를 이룬다는 점이다(Kimmel et al.

1990). 수직적 구배를 이루는 생물군집 중, 부분의 부유성

남조세균은 부력조절 능력이 있어 양염류가 풍부한 수층

과 광합성에 필요한 빛이 있는 수층인 유광 로의 주기적인

이동이 가능하다. 이러한 부력조절은 속(genus)에 따라 다르

지만, 압력의 변화에 적응할 수 있는 위공포(pseudova-

cuoles)와 세포내 탄수화물의 저장(ballast effect)에 따른 세포

내 도의 변화에 의한 것으로 알려져 있다(오 등 1995; 김

과 문 2000; Oliver and Ganf 2000; Rabouille et al. 2003).

청호에서 남조세균 수화 발생에 한 보고는 김 등

(1984)에 의해 최초로 보고되어진 이래, 남조세균에 한 생

태학적 연구가 다양한 접근법과 관점을 가지고 수행되었다

(오 등 1995; 김과 김 1997; 오 등 1997; 오 등 1998; 이 등

2003; Ahn et al. 2003; 정 등 2005; 이 등 2005). 식물플랑크톤

수직분포에 한 연구로는 남조세균을 상으로 한 연구(오

등 1995; 오 등 1998; 김과 문 2000)와 규조류와 편모조류을
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청호의 남조세균 일주 수직분포
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Cyanobacteria regulate their buoyancy in response to changing environmental conditions. This process is
essential for cyanobacterial development and can account for their dominance in eutrophic waters in summer. The
present investigation was conducted to understand the 24-hour vertical distribution of cyanobacteria and water
quality characteristics in Lake Daecheong. Water samples were collected and analyzed at depth intervals of 2 or 3 m
and at an interval of three hours for a day on August 28, 2001 and September 24, 2002. In 2001 the accumulated
standing crop of Microcystis spp. from surface to a depth of 6 m was 94.9%. Microcystis spp. showed no vertical
migration below the thermocline. Microcystis spp. had maximum density near the surface, but shifted to 2 m depth
at 2 p.m. A dense population of Anabaena spp. accumulated near the surface from 2 to 5 p.m. in 2002.
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상으로 한 연구(이 등 2000; Kim and Takamura 2002)가

있다.

매년 여름철에 남조세균 수화 발생을 겪고 있는 우리나라

에서는 인공호의 수화 원인 생물인 남조세균을 중심으로 생

태계에 한 거시적인 조사와 다양하고 세부적인 방법으로

연구할 필요성이 있다. 그리고 남조세균 수화와 관련된 국내

호소의 수직 분포에 한 생태학적 자료의 축적이 필요한 실

정이다. 본 연구에서는 남조세균 수직 분포 변화를 중심으로

24시간 거동 특성을 조사∙연구하여 댐저수지의 수질관리에

있어 가장 큰 문제인 남조세균 수화 특성과 기작을 이해하고

자 하 다.

재료와 방법

청호는 금강수계에 청댐을 건설하면서 생성된 인공호

로 전라북도 장수군 신무산을 발원으로 하여 3도 12군에 걸

쳐 있으며, 유역 면적은 4,314 km2, 유로 총 길이는 251 km

이고, 청댐의 저수용량 14억9천만 m3이다. 조사수역은 충

청북도 보은군에 위치한 회남교 정점에서 수행하 다(Fig.

1). 식물플랑크톤 24시간 수직 분포 조사는 2001년 8월 28일

과 2002년 9월 24일에 오전 11시부터 다음날 오전 8시까지

수심 2 m 또는 3 m 간격으로 3시간마다 조사하 다. 질소와

인 계열, 엽록소 a와 금속 성분에 한 수심별 분포 조사는

2002년도에만 실시하 다. 

식물플랑크톤 현존량을 구하기 위해 시료를 루골(Lugol)

용액으로 고정한 후 자연침강법을 사용하여 농축하 으며,

Sedgwick-Rafter chamber를 사용하여 계수하 다(Schoen

1988). 식물플랑크톤의 동정은 Prescott(1962)와 Komárek

(1999) 등의 도감을 참조하 다.

수질 환경요인 중 수온, 수소이온농도(pH), 용존산소

(DO), 전기전도도는 현장에서 다항목수질측정기 YSI 6000

UPG(Yellow Springs Instruments Inc., USA)로 측정하

다. 질소, 인 및 엽록소 a의 수질분석은 환경부(2000)와

APHA et al.(1998)를 준하 다. 구리(Cu), 아연(Zn), 망간

(Mn) 그리고 철(Fe)은 Inductively Coupled Plasma-mass

Spectrometer(ICP-MS) Elan 6000(PerkinElmer, USA)을 사용

하 고, 마그네슘(Mg)과 칼슘(Ca)은 Atomic Absorption

Spectrometer (AAS) SpectrAA-300(Varian, Australia)을 이

용하여 측정하 다. 

결 과

2001년 8월 28일 조사정점의 수심은 22 m이었으며, 수온

범위는 10.7-29.9°C로 표층과 수심 20 m의 수온 차이는 평균

17.0 ± 1.3°C이었다(Fig. 2). 수심 변화에 따른 수온성층 현상

은 뚜렷하게 관찰되지 않았으나, 표층부터 수심 7 m까지는

평균 0.1-0.3°C·m–1, 그 이후부터 수심 20 m까지는 0.5-2.3
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Fig. 1. Map showing the sampling site in Lake Daecheong. Fig. 2. Vertical profiles of temperature, pH, dissolved oxygen
and conductivity during the time-course of 24 hour in Lake
Daecheong. Each circle and bar represents a mean value
and standard deviation of 8 measurements in a day.



°C·m–1씩 점차적으로 수온이 감소하 다. 수온이 25°C인 이

상인 수심은 표층수부터 수심 9 m까지이었으며, 수심 15 m

의 수온은 평균 20.5 ± 0.5°C이었다. pH는 표층수에서 수심

3 m까지 평균 9.2-9.5의 범위이었다가, 수심 4-6 m 사이에서

급감하여 수심 7 m에서 평균 6.8 ± 0.1이었다. 용존산소는

표층수부터 수심 2 m까지 7.3-9.5 mg·L–1의 분포를 보이다

가 수심 4-10 m에서는 1 m당 평균 0.2�1.1 mg·L–1로 감소

하여 수심 20 m에서는 평균 2.6 ± 0.8 mg·L–1이었다. 전기전

도도는 105�153 µs·cm–1의 범위로 수심이 깊어질수록 전기

전도도는 낮아졌으나, 수심 6-9 m에서 약간의 증가세를 보

다(Fig. 2). 

2002년 9월 24일 조사정점의 수심은 31 m이었으며, 24시

간 동안 평균 표층수온은 23.8 ± 1.0°C로, 표층수와 수심 30

m 간의 수온차이는 3.9 ± 0.9°C 다(Fig. 2). 표층수의 pH는
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Fig. 3. Vertical profiles of mean value of water quality factors during the time-course of 24 hour from September 24 in 2002. Each
error bar represents standard deviation of 8 measurements in a day.



평균 8.3 ± 0.4이었고 수심 4 m에서는 평균 7.3 ± 0.1로 수심

1 m당 0.2-0.4·m–1의 비율로 감소하 다. 이 후의 수심부터

는 약 0.1·m–1 이하의 비율로 감소하여 수심 30 m에서는 pH

6.1 ± 0.1이었다. 시간에 따른 pH 변화도 수심 3 m 이내에서

만 0.5-1.1의 변동 폭을 보이고, 수심 4 m 이하에서는 0.2 이

하 다. 표층수의 용존산소 평균값은 9.2 ± 0.7 mg·L–1로 수

심에 따라 지속적으로 감소하여 수심 30 m에서는 1.6 ± 0.6

mg·L–1이었다. 전기전도도는 69-116 µs·cm–1의 범위로 2001

년도의 조사에 비해서는 낮았지만, 수심에 따른 변화는 2001

년도와 같은 양상으로 수심 9-12 m에서는 일시적인 증가세

를 보 다. 이 후 수심 30 m에서 전기전도도 평균값은 70 ±

1 µs·cm–1로 낮아졌다.

얌염류에 한 분석은 2002년 조사에서만 수행하 다.

질소(N) 계열 중, 총질소(TN)와 암모니아성질소(NH3-N)

는 수심에 따라 일정한 변화는 보이지 않았다. 질산성질소

(NO3-N)는 수심이 깊어질수록 농도가 증가하여, 수심 13 m

이하부터는 평균 1.45-1.59 mg NO3-N·L–1이었다. 그러나 질

산성질소(NO2-N)는 수심 10 m 이하부터 급격히 감소하

다(Fig. 3A, B, C, D). 총인(TP), 용존무기인(PO4-P)의 경우

는 수심이 깊어질수록 농도가 증가하 다(Fig. 3E, F). 표층

수의 TP의 평균농도는 30.2 ± 5.8 µg P·L–1이었으며, 수심 1

m당 0.7-2.6 µg P·L–1의 비율로 수심 8 m까지 감소하 다.

이 후 수심 28 m까지 1.2-8.5 µg P·L–1 비율로 증가하여 28

m의 평균 TP 농도는 135.8 ± 23.8 µg P·L–1 다. 용존무기인

도 총인과 같이 수심 10 m부터 농도가 증가하여 수심 30 m

에서는 평균 농도 22.4 ± 4.8 µg PO4-P·L–1로 분석되었다. 

금속성분 중 철(Fe), 구리(Cu), 망간(Mn), 아연(Zn)은

수심이 깊어짐에 따라 증가하는 양상을 보 지만(Fig. 3G, J,

K, L), 칼슘(Ca)과 마그네슘(Mg)은 수심에 따른 농도 변화

폭이 작았다(Fig. 3H, I). 특히, 철과 망간의 경우는 수심 13

m까지 그 평균 농도가 각각 0.19-0.47 mg F·L–1, 3.8-8.0 µg

Mn·L–1의 상 적으로 낮은 분포를 보 다. 이 후의 수심부

터는 급격히 증가하여, 수심 28 m에서는 평균농도가 각각

7.41 ± 1.05 mg F·L–1과 111.1 ± 10.4 µg Mn·L–1로 증가하

다. 

2001년 8월에 3시간 간격으로 24시간 조사한 식물플랑크

톤 현존량은 표층부터 수심 6 m까지의 누적현존량이 전체의

94.9%이었으며, 이 중 Microcystis spp.가 조사 수심별로

93.4-99.3%이었다. Microcystis spp. 수심별 평균 현존량 중,

표층수에서 1.9 x 105 cells ·mL–1(표준편차(SD): 5.5 x 104)로

가장 높았고, 수심 6 m와 8 m에서는 각각 4.1 x 104

cells ·mL–1(SD: 2.5 x 104), 3.5 x 103 cells ·mL–1(SD: 4.1 x

103)로 급격히 감소하 다(Fig. 4). 표층수의 Microcystis spp.

현존량은 11시에 2.7 x 105 cells ·mL–1로 최 고 이후 14시

와 17시에는 1.8 x 105 cells ·mL–1로 다소 낮아졌다. 20시에는

2.6 x 105 cells ·mL–1로 다시 증가한 Microcystis spp. 현존량은

시간이 경과함에 따라 감소하여 08시에는 1.1 x 105

cells ·mL–1이었다. 수심 6 m까지의 Microcystis spp. 누적 현존

량은 11시에 8.2 x 105 cells ·mL–1로 가장 높았다가 시간이 지

남에 따라 감소하 다. 또한 11시부터 05시까지의 표층수,
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Fig. 4. Vertical profiles of Microcystis spp. abundance during the time-course of 24 hour from August 28 in 2001.



수심 2 m와 4 m의 Microcystis spp. 현존량은 수심 6 m 값의

1.6-40.2배이었지만, 08시에는 그 값이 1.0-1.6배로 낮아졌

고, 수심 20 m에서 2.1 x 105 cells ·mL–1의 이례적인 값이 분

석되었다.

2002년 9월 24일부터 실시한 24시간 식물플랑크톤 조사는

2001년과는 차이가 있었다. 표층수부터 수심에 따른 식물플

랑크톤 누적현존량은 수심 10 m에서 82.1%, 수심 19 m에서

92.4%로 2001년에 비하면 수심에 따라 넓게 분포하고 있었

다(Fig. 5). 또한 2001년에는 Microcystis spp.가 주요종이었으

나, 2002년에는 Anabaena spp. 다. 식물플랑크톤 현존량은
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Fig. 5. Vertical profiles of total standing crops of phytoplankton during the time-course 24 hour from September 24 in 2002.

Fig. 6. Vertical profiles of Anabaena spp. abundance during the time-course 24 hour from September 24 in 2002.



14시, 17시와 02시에 표층수에서 각각 4.0 x 104 cells ·mL–1,

3.9 x 104 cells ·mL–1, 3.1 x 104 cells ·mL–1로 높았고, 11시에

는 수심 8 m, 23시에는 수심 6 m, 05시에는 수심 2 m, 08시

에는 수심 6 m에서 다른 수심에 비해 높았다(Fig. 5). 총현존

량 비 남조세균의 구성비는 70.2-79.9%이었고, Anabaena

spp.는 총누적현존량의 45.8%이었다. 조사시간에 따른

Anabaena spp. 현존량의 변화는 14시와 17시에 각각 3.1 x 104

cells ·mL–1, 3.4 x 104 cells ·mL–1로 표층수에 집중되는 현상

이 있었다(Fig. 6). Anabaena spp. 현존량이 표층수 보다 높고

5,000 cells ·mL–1 이상인 시간과 수심은 11시에 수심 8 m, 05

시에 수심 2 m와 4 m, 08시에 수심 4 m이었다. 

2002년 수심별 엽록소 a 평균 농도 중에 표층수는 15.2-

38.8 µg·L–1로 높았고, 수심 13 m에서 2.8-6.1 µg·L–1로 가장

낮았다(Fig. 7). 표층수의 엽록소 a는 11시에 15.2 µg·L–1에서

시간이 경과함에 따라 증가하여 20시에 38.8 µg·L–1로 24시

간 조사동안 최 고, 이후 점차 감소하여 8시에는 20.8

µg·L–1로 감소하 다. 24시간 조사동안 수심 2 m부터 수심

13 m까지는 수심이 깊어짐에 따라 점차적으로 감소하는 경

향을 보 다. 그러나 수심 16 m부터 수심 28 m까지의 엽록

소 a는 11시부터 23시까지는 수심이 깊어짐에 따라 증가하

으나, 2시부터 8시까지는 수심에 따른 뚜렷한 농도 변화가

없었다(Fig. 7).

고 찰

수체의 정체가 심화되게 되면 물 보다 비중이 큰 식물플랑

크톤 부분의 종은 침강에 의한 생육 제한으로 현존량 감소

가 일어나게 된다(Sze 1993; Horne and Goldman 1994). 그러

나 일부 남조세균은 위공포를 형성하여, 수 표면에 부유하거

나 또는 적당한 깊이까지 침강하는 수직 일주 운동이 가능하

다(Carmichael 1994). 또한 Microcystis 속은 다른 조류에 비해

양염의 제한을 상 적으로 적게 받기 때문에 낮은 질소 농

도에서도 개체군 생장이 양호하다고 알려져 있다(Hecky and

Kilham 1998). 이러한 특성들로 인하여 Microcystis 속은 표층

수 부근에 집중적으로 모여 다른 조류와의 경쟁이 없는 환경

에서 증식이 가능하다(Henderson-Sellers and Markland

1987). 

2001년 8월 조사와 2002년 9월 조사에서 남조세균 종조성

과 수직분포는 차이를 보 다. 이는 2001년 8월에는 부분적

인 수온성층 현상이 있었으나, 2002년 9월에는 수온성층이

파괴되는 시기 던 것이 주요 원인으로 사료된다. 식물플랑

크톤 우점종은 2001년에 Microcystis aeruginosa(Kützing)

Kützing으로 24시간 조사동안 표층부터 수심 6 m 이내에 집

중되어 있었고, 2002년은 Anabaena spiroides var. crassa

Lemmermann로, 14와 17시 그리고 02시에 표층수에 집중 되

었다.

2001년 8월의 Microcystis spp. 분포는 수심 6 m 이내에서

전체현존량의 94.3%로 수온약층 이하로 수직이동하지 않았

고, 최 분포수심은 14시에 수심 2 m을 제외하고는 모두 표

층(0.3 m)이었다. 이는 오 등(1995)의 연구에서 1993년 8월

의 Microcystis sp. 분포는 수심 4 m 이내에 95% 이상 존재하

고, 최 분포수심이 06시에 수심 4 m, 14시에 수심 0.1 m

그리고 그 이외의 시간에는 수심 1 m로 변화가 있었다는 보

고와는 부분적으로 일치하 다. 그러나 햇빛이 강한 14시의

최 분포 수심은 다소 차이를 보인다.

2002년 9월의 Anabaena spp.는 일주성 수직이동을 보여 수

온성층이 현성된 시기의 Microcystis spp.의 분포와는 차이가

있었다. Anabaena spp.는 낮 시간인 14시와 17시에는 표층수

에 집중되어지고, 05시부터 11시까지 수심 2 m부터 8 m까지

하강하는 변화를 보 다. 오 등(1998)의 연구에서도 수온성

층이 파괴되는 1995년 9월의 Microcystis sp.의 분포가 밤에는

수심 4 m로 이동하고, 낮 시간에는 0.1 m에 분포한다는 보

고와 부분적으로 일치하 다.

2002년 9월의 엽록소 a와 식물플랑크톤 분포 양상을 보면,

표층부터 수심 10 m까지 식물플랑크톤이 활발히 활동하는

역으로 판단된다. 일반적으로 한여름까지 혼합층에서는

양물질이 고갈된다는 보고와 같이(Kimmel et al. 1990), 식

물플랑크톤 생장에 필수적인 총인과 용존무기인의 경우 수

심 10 m까지의 농도가 그 이하의 심층보다 상 적으로 낮았

다(Fig. 3E, 3F). 철(Fe)과 망간(Mn)은 담수에서 조류 생장

을 조절할 수 인자(Kalff 2002)일 수 있다고 하 다. 본 연구

에서도 철과 망간은 표층부터 수심 10 m까지는 그 이하의

심층보다 낮은 농도임을 확인할 수 있어 식물플랑크톤 활동

과 연관이 있음을 알 수 있었다(Fig. 3G, 3M). 

DO의 경우 수심 10 m부터 13 m에서 급속히 감소하여 수
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Fig. 7. Vertical profiles of chlorophyll a during the time-course
24 hour from September 24 in 2002.

Cl a (µg L–1)



심 14 m부터는 평균 4.0 mg·L–1 이하의 낮은 값을 보인 것

으로 보아, 수심 14 m부터는 호홉 등에 의한 산소소모량이

급격히 증가하 기 때문으로 판단된다. 엽록소 a의 값은 11

시부터 23시 조사까지 수심 13 m까지 감소하다가 그 이하부

터 증가하 는데, 이는 침강되는 식물플랑크톤 때문인 것으

로 사료된다. 오 등(1998)은 수심 20 m에서 조사되는 엽록소

는 성층파괴로 인한 수층의 혼합에 의한 것이라고 해석하

다. 

Fay(1983)는 식물플랑크톤 성장기에 암모니아와 질산염이

표수층에서 점차 감소하고, 이러한 질소의 고갈은 Anabaena

속의 군집 내 구성비가 높아지는 중요한 인자라고 하 다.

그러나 본 연구에서는 Anabaena spp.는 전체 식물플랑크톤 군

집의 45.8%로 군집 내 구성비는 높아졌으나, 총질소는 전

수심에 걸쳐 평균 2.1-2.5 mg N·L–1로 분포하고 있었다. 암

모니아성질소와 질산성질소의 경우도 Anabaena spp.가 5,000

cells ·mL–1 이상 조사된 곳이 있는 수심 8 m 이내의 분포와

그 이하의 분포는 뚜렷한 차이는 없었다. 이는 청호의 총

질소는 남조세균 수화 발생이 가능한 최저 농도 0.3 mg

N·L–1을(Klapper 1991) 6배 이상 상회하는 높은 농도로 식물

플랑크톤에 필요한 질소 양분을 항상 제공하고 있었기 때

문에 Anabaena spp.의 등장은 다른 원인에 의한 것으로 사료

된다. 다만 아질산성질소의 경우는 수심 13 m부터는 표층수

농도보다 1/7-1/14로 감소하 는데 이는 유기물을 분해하는

세균에 의한 것으로 사료된다.
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INTRODUCTION

The North Korean Cold Current (NKCC) flows
southward along the east coast of Korea and it
encounters the East Korean Warm Current (EKWC) in
the middle zone of the East Sea (Japan Sea). The flowing
of NKCC along the coast and offshore has an influence
on the flowing of EKWC. The flow pattern and structure
of water mass along the coast in the East Sea become
very complicated due to the variations of NKCC and
EKWC. In addition, the cold water flowing southward
along the east coast may affect the creating the Korea
Strait Bottom Cold Water (KSBCW) (Yun et al. 2004).
Some studies concerning the oceanographic
characteristics were conducted at the front zone which
was formed in the encountering zone of two different
currents in the East Sea, Korea (Cho et al. 1997; Park and
Choi 1997; Moon et al. 1998). 

Phytoplankton is a primary producer as well as an
important factor which has a pivotal role in global
carbon cycle. It has also an effect on nutrient cycling in
aquatic ecosystem and determining the food web
structure (Fenchel 1988). The study on the characteristic
of phytoplankton community is important to understand
marine ecosystem. Some studies about species
composition, abundance and primary production of
phytoplankton along the coast and offshore in the East
Sea were conducted (Shim and Lee 1983, 1987; Chin and
Hong 1985; Cho 1985; Shim et al. 1985, 1989, 1992; Lee
and Shim 1990; Park et al. 1991; Lee et al. 1998; Kang and
Choi 2001, 2002; Kang et al. 2003; Choi et al. 2004a).
Pigment analysis using HPLC for identifying and
enumerating of phytoplankton in the East Sea and
satellite remote sensing for obtaining the coastal zone
color from wide area of the East Sea were used for
verifying the timing of the seasonal bloom in the East
Sea, recently (Park and Park 1997; Choi et al. 2004b;
Yamada et al. 2004; Yoo and Kim 2004). But most studies
on phytoplankton ecology exception of studies using
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satellite remote sensing were conducted at the middle or
southwestern coastal waters off East Sea. Especially, the
knowledge of phytoplankton community in the
northeastern coastal waters off the Korean Peninsula was
lack. The studies about the fresh water diatom flora and
zooplankton were carried out only in Puckchong-
Namdaechon river and three brackish lakes (Cho 2000a,
2000b, 2000c; Kim and Kang 2003), respectively. There
was no information about the marine phytoplankton
community in this area. The aims of this study are to
introduce the distribution of phytoplankton community
in the coastal waters off Shinpo district where are strong
effected by the NKCC. 

MATERIALS AND METHODS

The study area is located in the vicinity of Shinpo
district (approximately 40°05’N, 128°20’E) where the
nuclear power plant (NPP) has been constructed by
Korean Peninsula Energy Development Organization
(KEDO). The samples were seasonally taken four times
from May 2002 to August 2003 at 10 sample sites within
10km from construction area of NPP (Fig. 1). Sea surface
temperature (SST) and salinity (SSS) were measured
using Horizontal Drew Monitoring System (HDMS, YSI
6000). Samples for qualitative analysis of phytoplankton
were taken using Kitahara-type net (mesh opening: 60
µm) and samples for quantitative analysis of
phytoplankton community were taken using water
sampler in both surface and bottom layers. Samples were
preserved immediately with Lugol’s solution (final
concentration about 4%). Identification and enumeration
of phytoplankton were performed with a Sedgewick-

Rafter chamber under the light microscope (Leitz
Diaplan, X128~1,600) in the laboratory. Water samples
for measuring chlorophyll-a concentration of
phytoplankton were size fractionated with separate
filtration by 20 µm filter. Filtered seawater was kept deep
frozen and analyzed at the laboratory on Turner 10-Au
fluorometer (USA).

RESULTS

Physical characteristics
The tidal variation in the study area is very small and

belongs to a mixed type in which the semi-diurnal and
diurnal components have similar magnitudes. The tidal
range of the major semi-diurnal components is less than
10 cm throughout the all sample sites. The current speed
ranged from 10.5 cm/s–1 in May 2002 to 32.0 cm/s–1 in
August 2003 and the flow of current was as follow. The
southward flow was predominant in February and
August 2003 and the northward flow in May and
October 2002 (KEPCO 2003). The mean SST and SSS for
the period of survey varied from 4.1°C in February 2003
to 22.7°C in August 2003 and from 32.4 psu in August
2003 to 33.9 psu in May 2002, respectively (Fig. 2).

Species composition of phytoplankton
A total of 153 phytoplankton species including 121

diatoms, 28 dinoflagellates, 7 green algae and 7 other
species was identified. During study periods, the marker
of phytoplankton species appeared in on sampling time
ranged from 48 in May 2002 to 76 October 2002 (Table 1).
Diatoms showed most diverse species composition
ranging from 32 to 54. The results showed that the
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Fig. 1. Location map of study sites in the coastal waters off
Shinpo district, North Korea.

Fig. 2. The seasonal variation of sea surface temperature and
sea surface salinity in the coastal waters off Shinpo district,
North Korea (●: temperature, �: salinity). 



number of species in the study area was similar or lower
than that at coastal waters in the East Sea (Table 2). 

Abundance and dominant species of phytoplankon
The mean abundances of phytoplankton are shown in

the Fig. 3. The mean abundances of phytoplankton
varied from 15 to 430 cells mL–1 in the surface layer and
from 11 to 545 cells mL–1 at the bottom layer. The
abundances at the surface layer were higher than in the
bottom layer with the exception that in February 2003. In
May 2002 when the lowest mean value was recorded
during the study period, the abundances ranged from 7
to 39 cells mL–1 in the surface layer and from 6 to 18 cells
mL–1 in the bottom layer. Abundances were high at the
station I0 and A0 where were near to the NPP site. The
abundances varied from 11 to 147 cells mL–1 in the
surface layer and 9 to 21 cells mL–1 in the bottom layer in
October 2002. The highest abundance also observed at
the I0 in case of surface layer but there were not shown

the clear regional variations in the bottom layer. The
abundances varied from 82 to 617 cells mL–1 in the
surface layer and 137 to 1,309 cells mL–1 in the bottom
layer in February 2003 when the highest mean value
recorded. There were shown the clear variations among
the stations. Phytoplankton was more abundant in
coastal stations relative to those in more open ocean. In
addition, in this time, the abundances in the bottom layer
were higher than those in the surface layer. The
abundances in August 2003 varied from 43 to 1,651 cells
mL–1 in the surface layer and 11 to 27 cells mL–1 in the
bottom layer. The abundances in the surface layer were
higher than those at the bottom layer contrary to results
of winter season, but the standing crops were higher at
the near coastal area. The highest value at the surface
layer was especially detected at the station C3 in August
2003. This result may be the influence of freshwater
input from Namdaechon river. 

Most of dominant species were marine diatoms. In
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Table 1. The numbers of phytoplankton species observed in the coastal waters off Shinpo district, North Korea. 

Groups
2002 2003

Total
May Oct. Feb. Aug.

Bacillariophyceae (Diatom) 32 53 49 51 121
Dinophyceae (Dinoflagellate) 14 15 4 14 28
Chlorophyceae (Green algae) 4 4 7
Chrysophyceae 2 2 1 2
Cryptophyceae 1 1
Cyanophyceae 1 1
Euglenophyceae 2 1 1 1 2
Ciliophora 1 1

Total 48 76 56 73 153

Table 2. The total numbers of phytoplankton species observed in the different coastal waters off East Sea, Korea.

Sites Number of species Periods References

Southeastern sea of Korea 185 Sep. 1981 Shim and Lee 1983
Gori 230 1986-1987 Cho 1988 (in Korean)
Wolseong 222 1986-1987
Southwestern water of East Sea 235 1981-1984 Lee and Shim 1990
Gori 160 1987-1989 Yeo and Shim 1990
Southeastern coastal waters of East Sea 133 Sep. 1994 Lee et al. 1998 (in Korean)
Gori 333 1992-1996 Kang and Choi 2001 (in Korean)
Wolseong 364 1992-1996
Uljin 364 1992-1996
Ullundo  136 1999 Jung et al. 2001 (in Korean)
Tokdo Islands 87 1999
Uljin 211 2003-2004 Choi et al. 2004
Chuksan 363 2000-2002 Kang et al. 2005 (in Korean)
Shinpo 153 2002-2003 This study
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Fig. 3. The seasonal variation of abundance of phytoplankton at the surface (A) and bottom layer (B) in the coastal waters off Shinpo
district, North Korea.

Table 3. The dominant species of phytoplankton observed in the coastal waters off Shinpo district, North Korea (Sur: surface layer,
Bot: Bottom layer).

Year Dominant species Standing crops (cells/mL) Dominance rates (%)

May 2002 Sur. Fragilaria capucina v. rumpens 1.0 6.5
Symbiodinium microadriaticum 0.9 6.3
Thalassionema nitzschioides 0.9 6.1
Gymnodinium fungiforme 0.8 5.2
Licmorphora abbreviata 0.8 5.6

Bot. Thalassionema nitzschioides 1.4 12.7
Nitzschia longissima 0.8 7.3
Dactyliosolen fragillisima 0.8 6.8
Licmorphora abbreviata 0.6 5.6

Oct. 2002 Sur. Scenedesmus dimorphus 10.5 34.8
Chaetoceros compressus 3.3 10.9
Thalassionema nitzschioides 2.9 9.5

Bot. Thalassionema nitzschioides 4.2 28.2
Chaetoceros affinis 1.3 9.0
Cymbella leptoceros 1.3 8.5

Feb. 2003 Sur. Chaetoceros socialis 118.1 32.2
Chaetoceros radicans 65.5 17.9
Chaetoceros compressus 41.8 11.4
Chaetoceros debilis 39.0 10.2
Chaetoceros sp. 0.0 9.2

Bot. Chaetoceros debilis 132.1 24.2
Chaetoceros socialis 82.1 15.0
Chaetoceros radicans 77.4 14.2
Chaetoceros compressus 73.8 13.5
Chaetoceros sp. 53.4 9.8

Aug. 2003 Sur. Cryptomonas sp. 388.1 90.3

Bot. Cryptomonas sp. 8.5 40.0
Prorocentrum minimum 1.7 7.9
Chaetoceros sp. 1.5 6.8
Nitzschia longissima 1.1 5.3
List of figures



addition, a limnotic diatom such as Fragilaria capucina v.
rumpens, some dinoflagellates, green alga Scenedesmus
dimorphus and cryptomonad Cryptomonas sp. appeared as
dominant species. In May 2002, marine diatom
Thalassionema nitzschioides, Licmorphora abbreviata and
limnotic diatom Fragilaria capucina v. rumpens were the
most dominant species. Green alga Scenedesmus
dimorphus was the dominant species in the surface layer
in October 2002. But the high dominant rate of this
species was shown only at the A0 where was influenced
by the input of freshwater. Thalassionema nitzschioides and
Chaetoceros affinis were the most dominant species in the
bottom layer in this time. In February 2003, marine
diatoms Chaetoceros socialis and Chaetoceros debilis were
the most dominant species in both surface and bottom
layers. Cryptomonad Cryptomonas sp. was the dominant
species in both layers in August 2003 (Table 3).

Chlorophyll-a concentration of phytoplankton
Mean concentration of total chlorophyll-a varied from

0.22 to 7.87 µg L–1 in the surface layer and from 0.45 to
6.79 µg L–1 in the bottom layer. The highest mean value
was recorded in August 2003 in the surface layer and
February 2003 in the bottom layer, respectively (Fig. 4

and 5). The distribution of chlorophyll-a of
phytoplankton was very similar to that of abundances.
The chlorophyll-a concentration at the stations located
near the coastal area was high relative to those in more
open ocean. The mean chlorophyll-a concentration of
micro-phytoplankton (> 20 µm) ranged from 0.11 to 6.97
µg chl-a L–1 in the surface layer and from 0.12 to 5.83 µg
chl-a L–1 in the bottom layer. The mean contribution of
micro-sized chlorophyll-a to total chlorophyll-a ranged
from 22.8 to 88.6% in the surface layer and from 22.2 to
85.8% in the bottom layer. The contribution of micro-
phytoplankton to total phytoplankton was low in May
and October 2002. On the contrary, it was high in
February and August 2003. In case of nano-
phytoplankton (<20 µm), the mean chlorophyll-a
concentration varied from 0.11 to 1.07 µg chl-a L–1 in the
surface layer and from 0.34 to 0.97 µg chl-a L–1 in the
bottom layer. The contribution of nano-sized chlorophyll-
a to total chlorophyll-a ranged from 11.4 to 77.2% in the
surface layer and from 14.2 to 77.8% in the bottom layer.
The contribution of nano-phytoplankton was high in
May and October 2002, and was low in February and
August 2003. 
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Fig. 4. The distribution of chlorophyll-a concentration of phytoplankton at the surface layer in the coastal waters off Shinpo district,
North Korea (A: May 2002, B: Oct. 2002, C: Feb. 2003, D: Aug. 2003).



DISCUSSION

A total of 144 phytoplankton species including 121
diatoms, 28 dinoflagellates, 7 green algae and 7 other
species was identified in the northeastern coastal waters
off the Korean Peninsula. During the study periods, the
occurrence of phytoplankton species seasonally varied
from 48 to 76. That was similar or lower than the results
of previous studies about the phytoplankton in the
different coastal area of East Sea, Korea (Table 1). The
mean abundances of phytoplankton varied from 15 to
430 cells mL–1 and from 11 to 545 cells mL–1 in the
surface and bottom layer, respectively. Phytoplankton
blooms in spring and fall were not detected in this study.
But the mean abundances of phytoplankton were high in
winter and summer season. It showed that our reseults
were different from general pattern in spring and fall
bloom. The timing and magnitude of spring or fall
blooms of phytoplankton in East Sea were different
among the areas, and there were differences in the
timing and magnitude of phytoplankton blooms year by

year (Yamada et al. 2004). So the spring or fall bloom of
phytoplankton not detected in this study might be due to
such accounts. Kim et al. (2000) showed from sporadic
Coastal Zone Color Scanner (CZCS) data that the spring
bloom in the East Sea began in the southern area in April
and moved to the northern area in May and the fall
bloom which appeared in November and December
appeared first in the southwest region then in the
southeast and northeast regions, finally appearing in the
northwest region in the East Sea. In this study, the
abundances showed clear regional variations.
Phytoplankton was more abundant in coastal stations
relative to those in more open ocean. The stations
recording the high abundances of phytoplankton such as
at the I0, A0 and C3 were strongly influenced by the
input of freshwater. These results showed that the
phytoplankton community in this area was very strong
influenced by the input of terrestrial materials leaching
from the river into coastal area. Most of the dominant
species were marine diatoms. In addition,  some
dinoflagellates as well as limnotic diatoms were
occasionally detected as dominant species in May 2002.
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Fig. 5. The distribution of chlorophyll-a concentration of phytoplankton at the bottom layer in the coastal waters off Shinpo district,
North Korea (A: May 2002, B: Oct. 2002, C: Feb. 2003, D: Aug. 2003)



In August 2003, Cryptomonas sp. was the dominant
species taking 90.3% of total abundance in the surface
layer. Especially, the diatom Chaetoceros socialis and
Chaetoceros debilis which were well known as very
important plankton in the northern cold region or cooler
waters showed the regional characteristics influenced by
NKCC (Tomas 1997). Mean value of total chlorophyll-a
concentration of phytoplankton varied from 0.22 to 7.87
µg chl-a L–1 and from 0.45 to 6.79 µg chl-a L–1 in the
surface and bottom layers, respectively. The contribution
of micro-phytoplankton to total phytoplankton was high
in February and October 2003 and that of nano-
phytoplankton was high in May and October 2002. Some
studies about contribution of phytoplankton in each
sizefraction were conducted in the coastal area of East
Sea. Shim et al. (1991) reported that the contribution of
pico-phytoplankton (< 2 µm) to total phytoplankton was
higher than that of other groups to the total
phytoplankton in the Korea Strait.  Choi et al. (2004a)
suggested that small cell including the prokaryotic algae
as well as pico-phytoplanktonic eukaryotic algae were
extremely great contributor of the biomass of
phytoplankton. The contribution of phytoplankton in
each size-fractionated varied highly with seasons in this
study. The contribution of large cell was high in winter
and summer, while that of small cell was high in spring
and autumn. 
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INTRODUCTION

Griffithsia C. Agardh is an annul, ceramiaceous red
algal genus that has characteristic large cells visible to
naked eye and thousands of nuclei in a single cell at
maturity (Waaland and Cleland 1974). The genus is
distinguished by filamentous thalli with dichotomous to
irregular branches, tetrasporangial fascicles in the
constrictions between axial cells near apex,
spermatangial fascicles in the constrictions between axial
cells or on apical cells, and cystocarps surrounded by
two-celled involucral branches (Baldock 1976; Kim and
Lee 1987; Womersley 1998; Boo and Cho 2001). Although
about 27 species have been reported to occur intertidally
along temperate to tropical coasts (Womersley 1998),
diversity of the genus is still underestimated.

In the northwest Pacific Ocean, eight Griffithsia species
are currently recognized (Itono 1977; Yoshida 1998). Of
these species, G. japonica and G. okiensis are so similar in
their morphology that it is very difficult to identify the
two species in the field. Okamura (1930) first described
G. japonica based on material from Chiba, Pacific coast of

Japan, which is distinguished by filamentous flabellate
thalli with dichotomous branches, tetrasporangial and
spermatangial fascicles lying in the constrictions between
the cells of distal axes near the apex and surrounded by
involucrals arising separately from the cells bearing the
fascicles, and cystocarps terminating on laterals and
surrounded by simple or branched involucres. G. japonica
occurs in Korea, Japan, China, and Australia (Tseng 1941;
Kang 1966; Itono 1977; Miller 1998). G. okiensis Kajimura
was described based on specimens from Oki Island on
the west side of Japan (Kajimura 1982) and is
distinguished by tiny thalli and two carpogonial
branches on a single supporting cell on female thalli.
Prior to the present study, G. okiensis has been
considered to occur in Oki Island, Japan (Yoshida 1998).  

During our study on the marine biodiversity from
Korea, we found an alga in Jeju and Wando, which is
morphologically similar to G. japonica and genetically
different from the species (Yang and Boo 2004). We
extended collection of the alga along the whole coast of
Korea and compared it with G. japonica and G. okiensis.
Here we identify the alga as G. okiensis on the basis of its
vegetative and reproductive morphology and provide
further evidence of its taxonomic validity using
comparative analyses of protein-coding plastid psbA and
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rbcL genes. The rbcL gene has most commonly been used
for red algae at a variety of taxonomic levels (e.g. Yang
and Boo 2004). Recently we found that psbA gene, which
encode photosystem II proteins in plastid, is variable
enough for identifying ceramiaceous red algal species
and have more resolution when combining with other
molecular data such as the rbcL sequences (Seo et al.
2003; Yang and Boo 2004).

MATERIALS AND METHODS

Sampling, Microscopy and Culture
Twenty samples of G. okiensis were collected in the

field and each was separated into three portions:
preserved in 4% formaldehyde-seawater, air-dried and
kept preserved in silica gel, and unialgal culture. For
microscopic observation, thalli were stained with
aqueous 1% aniline blue solution, and mounted in 10%
Karo-syrup mixed with phenol. Drawings were made
with a camera lucida attached to an Olympus
microscope (BX50). Cell-size ranges and means were
based on 30 measurements. Natural seawater from
Gangreung (salinity 33‰) enriched with PES medium
was used for laboratory culture. Cultures were kept at
20°C under white fluorescence light at 30-50 µ · mol · m–2

sec–1. Herbarium specimens and voucher slides are
deposited in the herbaria of Kangnung National
University and Chungnam National University.

Specimens examined 
Korea; KNU243 (Jumoonjin, Gangreung, 5 May 1984),

KNU286 (Impo, Dolsando, 5 Apr. 1985), KNU 295

(Jeongdori, Wando, 31 Jul. 1985), KNU315 (Sungsan, Jeju,
6 Apr. 1986), KNU324 (Pyosun, Jeju, 9 Apr. 1986),
KNU326 (Eoyoung, Jeju, 9 Apr. 1986), KNU357
(Huksando, Jeonam, 18 Jul. 1986), KNU1156 (Daebo,
Guryungpo, 14 Jun. 1997), KNU1360 (Impo, Dolsando, 12
Jul. 2001), KNU1412 (Chaguido, Jeju,16 Apr. 2002)
KNU1482 (Gangjeong, Jeju, 22 Aug. 2002), KNU1812
(Jeongdori, Wando, 18 Feb. 2003), KNU1892 (Tonggumi,
Ulreungdo, 13 May 2003), KNU2197 (Summok,
Ulreungdo, 13 May 2003), KNU 2343 (Anin, Gangreung,
20 Mar. 2004, KNU3012 (Gacheon, Namhaedo, 13 May
2004). KNU3024 (Sachoen, Gangreung, 17 Jul. 2004),
KNU3029 (Jangho, Samcheok, 18 Jul. 2004). Japan;
CNUG166 (Gamo Bay, Oki Island, 6 May 2003), CNUG17
(Gamo Bay, Oki Island, 7 May 2003). 

Analyses of the psbA and rbcL sequences 
The sources of used in the present study and the

GenBank accession numbers of psbA and rbcL sequences
are listed in Table 1. Published psbA and rbcL sequences
were downloaded from GenBank (Yang and Boo 2004). 

Genomic DNA was extracted from approximately 5
mg algal powder ground in liquid nitrogen using a
DNeasy Plant Mini Kit (Qiagen, GmbH, Hilden,
Germany) or Invisorb Spin Plant Mini Kit (Invitek,
GmbH, Berlin-Buch, Germany), according to the
manufacturers’ instructions. PCR was done with specific
primers for each of the plastid genes; psbA was amplified
using primers psbA-F and psbA-R1 and sequenced using
additional primers: psbA-500F, psbA-600R, and psbA-R2
(Yoon et al. 2002). The primers used to amplify (F7 - R753
and F645 - RrbcS start) and sequence (F7, F645, R753, and

92 Algae Vol. 21(1), 2006

Table 1. Species studied in the present study. Locations underlined are type locality of the species. F. female gametophyte; M. male
gametophyte; T. tetrasporophyte; V. vegetative thalli.

Taxa Locality Collection date Voucher
GenBank accession number

psbA rbcL

G. okiensis Korea: Jeju: Chaguido 16 Apr. 2002 (V) G164 AY604851 AY604860
Korea: Jeju: Gangjeong 18 Apr. 2002 (F, M, T, V) G165 AY604852 AY604861
Korea: Jeju: Moonsum 22 Aug. 2002 (T, V) G98 AY2951481 AY2951661
Korea: Gangreung: Anin 20 Mar. 2004 (F, V) G283 AY604850 AY604859
Korea: Geojedo: Haegumgang 29 Jun. 2003 (V) G170 AY604854 AY604862

21 Mar. 2004 (M) G284 AY604855 AY604863
Korea: Namhaedo: Songbang 18 Apr. 2001 (V) G99 - -
Korea: Pohang: Gampo 18 Jul. 2001 (V) G97 AY604853 -
Korea: Ulreungdo: Tonggumi 27 Aug. 2003 (F, V) G185 AY604856 AY604864
Korea: Wando: Jeongdori 18 Feb. 2003 (V) G149 AY2951491 AY2951671
Japan: Oki Island: Kamo Bay 6 May 2003 (F) G166 AY604857 AY604865
Japan: Oki Island: Kamo Bay Cave 7 May 2003 (V) G167 AY604858 AY604866

G. japonica Okamura Japan: Chiba: Choshi 27 Jul. 2002 (V) G100 AY2951471 AY2951651



RrbcS start) rbcL are listed in Freshwater and Rueness
(1994), Lin et al. (2001), and Gavio and Fredericq (2002).
The psbA and rbcL regions from all the samples used
were easily amplified and sequenced. The PCR products
were purified using a High Pure PCR Product
Purification Kit (Roche, Mannheim, Germany) in
accordance with the user’s guide. The sequences of the
forward and reverse strands were determined for all taxa
using an ABI PRISMTM 377 DNA Sequencer (Applied
Biosystems, Foster City, CA, USA). 

The alignment of each gene sequence was based on the
alignment of the inferred amino acid sequence and was
refined by eye. There were no gaps in our alignments of
psbA and rbcL. The final alignment is available from the
corresponding author upon request.

To find the best model of sequence evolution for the
maximum likelihood (ML) analysis using PAUP*
(Swofford, 2002), we used MODELTEST (v3.6, Posada
and Crandall, 1998). The MODELTEST chose the GTR +
G + I model for psbA, rbcL and combined sequence data.
Tree likelihoods were estimated using a heuristic search
with 500 random addition sequence replicates, and tree
bisection-reconection (TBR) branch swapping. To test the
stability of monophyletic groups, bootstrap (BS) analyses
were undertaken with 500 replicates. 

Maximum parsimony (MP) analysis was done using a
heuristic search algorithm with the following settings:
1,000 random addition sequence, TBR branch swapping,
MulTrees, all characters unordered and unweighted, and
branches with a maximum length of zero collapsed to
yield polytomies. Bootstrap analyses were undertaken
with 1,000 replicates.

RESULTS

Habitat and Seasonality 
Thalli commonly occur in the intertidal zone to the

subtidal zone on the south and east coast of Korea. The
species grows as epiphytes on Cladophora and other algae
or epilithic tufts on rock in sheltered and shared rocky
side, especially in clefts of rock or in small caves. They
occur throughout the year in Gangreung, east coast of
Korea. Tetrasporangial and sexual thalli occurred in
spring to summer (March to August).  

Habit and Vegetative Structure 
Thalli are fan-shaped, 0.3-1.5 cm high, rose-pink to

bright red in color, erect and filiform, and  stiff in living
state. Attachment to the substratum is by rhizoidal
filaments from the basal portion. The lower thallus is
regularly dichotomous, complanate, and the upper
thallus is compact and rarely trichotomous. The
holdfasts are digitate, consisting of branched rhizoids.
Axial cells at the mid-frond also produce rhizoids that
terminate in unattached tips. 

Cells of erect axes are cylindrical to slightly cuneate.
The axes are ecorticate throughout and invariably
dichotomously branched. Lateral initials are cut off with
slightly oblique divisions of subapical cells and adaxially
on axial cells, and laterals then divide into two cells (Fig.
1). The laterals are slender at first, but rapidly reach the
same diameters to the main axes (Fig. 1A-B). Branch
initiation in a given axis is second and occurs at regular
intervals per every segment, the branches always ending
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Fig. 1. Morphology of Griffithsia okiensis isolated from Korea. A. Thallus having tetrasporangial fascicles (t) between inflated cells near
the apex of laterals. B. Development of normal vegetative branch from the cell bearing tetrasporangial fascicles. C. Male thallus
bearing spermatangial fascicles (s). D. Female thallus bearing cystocarps (c). Scale bars = 500 µm.



blunt tips that are slightly incurved (Fig. 1A-B).
Adventitious branches occur frequently on basal portion
of thallus but rarely in low to upper potion. Trichoblast
are not produced.

The apical cells are small, 50-90 µm long (mean = 76.2
µm) at first and rapidly grow to be 220-420 µm long
(mean = 361.9 µm) and 120-220 µm broad (mean = 160.4
µm). The second segments from apex, which have two
new apical cells upwardly, are more or less cuneate
having broader distal ends than at the proximal ends,
and are 84-110 µm broad (mean = 102.6 µm) in the
proximal end (BP), 145-210 µm broad (mean = 182.8 µm)
in distal end (BD), and 330-580 µm long (L) (mean =
455.0 µm). The 4th to 5th segments from apex are clearly
cuneate and 97-157 µm in BP (mean = 125.2 µm), 218-280
µm in BD (mean = 243.7 µm), and 480-660 µm in L (mean
= 554.2 µm). The axial cells at the basal part are 170 - 220
µm in BP (mean = 193.3 µm), 390-530 µm in BD (mean =
440.4 µm), and 790-1330 µm in L (mean= 958.8 µm). Thus
the ratio of cell length (L)/breadth (BD) are ca. 2.5 times
in the first intermediate cells, ca. 2.3 times in the 4th to 5th

segments from apex, and ca. 2.2 times in the basal cells.
The cell dimensions are very similar among populations
from Korea. 

Reproductive Structure 
Whorls of tetrasporangial fasicles are clustered in the

constriction between a distally globular cell and an
inflated pyriform axial cell near the apex. The fertile
pyriform subapical axial cells, being 650-900 µm long

and 540-610 µm broad, produce the whorls of numerous
unicellular stalked tetrasporangial mother cells (Figs 1A,
B, 2D). The each of mother cell produces 7-12 non-
synchronously maturing tetrahedrally divided
tetrasporangia on both (sub-) terminally and radially
(Fig. 2D). Mature tetrasporangia are elliptical to
spherical, and are 57-76 µm long and 57-70 µm broad.
The involucral cells are non-stalked and one-celled,
surrounding tetrasporangial fasicles. They are produced
separately and peripherally from the pyriform subapical
cells. The involucres are slightly incurved inwardly and
330-400 µm long. 150-180 µm broad.      

Whorls of spermatangial fasicles are clustered in the
constriction between a distally globular bearing cell and
an inflated pyriform axial cell near the apex. However,
the globular apical cells of spermatangia are usually
caduceus, the spermatangial masses then appearing
terminal on pyriform cells surrounded by involucres
(Fig. 1C). The spermatangial fertile initial from the upper
shoulders of pyriform subapical cell divide 2 times
transversely to form 3-celled fertile axis, then
successively divide di-/polychotomously, and ultimately
bears large numbers of spermatangial parent cells that
each produce one or two spermatangia (Fig. 2A, B). The
spermatangial fascicles are surrounded by 14-18 non-
stacked, and one-celled synchrononic involucres that are
produced separately and peripherally from the pyriform
subapical cells (Fig. 1C). The involucres, after formation
of 3-celled spermatangial fertile initials, are slightly
incurved inwardly.
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Fig. 2. Reproductive structures of Griffithsia okiensis isolated from Korea. A. Young spermatangial fascicles (sf) on shoulder of the
inflated subapical cell with involucres (in). B. Spermatangial fascicles consisted of 5-6 polychotomous branched axis with
spermatia (sp). C. Cystocarp having 8-10 distal gonimolobes (gb) and hypogenous cell (h). D. Tetrasporangial fascicle bearing a
mature tetrasporangium (t) and immature tetrasporangia on a single stack cell (ts). Scale bars = 50 µm.



The female thalli are easily distinguished from male or
tetrasporangial thalli by the unusual tri-/tetrachotomous
branches and a pair of trichoblasts (Fig. 1D, 3A). The

initial of procarp divides two times to form a dwarf and
colorless three-celled fertile axis (hypogenous, subapical,
and apical cell) on the adaxial side of subapical cell (Fig.
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Fig. 3. Development of procarp of Griffithsia okiensis in Korea. A. Female thallus having a procarp on apex of lateral enclosed by 2-4
vegetative laterals. B-H. Synchronous development of procarp and trichoblasts (B-G) and a mature procarp consisting of two
carpogonial branches on a supporting cell (H). a, apical cell of fertile axis. h, hypogenous cell of fertile axis. p, procarp. pa,
primary periaxial cell. 2nd pa, secondary periaxial cell. sa, subapical cell of fertile axis. su, supporting cell. ss, supporting sterile
cell. t, trichoblast. ti, trichoblast initial. tr, trichogyne. 



3B-C). The first division is transverse and the second is
adaxially oblique, thus the apical cell being located on
the adaxial side. The subapical cell successively cuts off
obliquely two periaxial cells; the former is located
abaxially and remains sterile, and the later is located
perpendicularly to the first periaxial cell and becomes a
supporting cell. The supporting cell cuts off terminally a
single sterile cell, the supporting sterile cell, and
abaxially two 4-celled carpogonial branches in the both
sides (Fig. 3D-H). 

The developmental processes of procarp are
synchronized with the development of vegetative
laterals and fertile trichoblasts. A pair of trichoblast
initials arises on the abaxial side to the fertile axis, thus
being positioned between vegetative lateral and fertile
axial cells. The initials soon become two-celled
trichoblasts after cutting off the sterile periaxial cell (Fig.
3C-E). 

The second periaxial cell is produced after the
trichoblasts were three-celled and the second vegetative
lateral arises. At that time the 3-celled dwarf trichoblasts
start the division of branch from basal cell, and the
procarpic fertile axis is located at center between two
laterals (Fig. 3D-E). At this stage the apical cell and first
periaxial cell of fertile axis are almost same sized and are
located oppositely each other on the same plane with
lateral. The apical cell of fertile axis is always located
toward trichoblasts and larger lateral cell. When the
second periaxial cell cuts off terminally a supporting
sterile cell, the trichoblasts are multi-celled and the third
vegetative lateral arise perpendicularly to the two

laterals. The mutli-celled trichoblasts are dwarf at first
and then fully elongated. Most of procarps have the third
vegetative lateral arises at the perpendicular position
(Fig. 3G). The perpendicular lateral in procarp and in
female plant is extraordinary because the third lateral in
tri-chotomous branch always arise from the same plane
with the other branch.

After presumed fertilization, an auxiliary cell
produced perpendicularly from supporting cell,
displaced apically by the continued growth itself (Fig.
4A). During this stage, a pair of connecting cells is
usually cut off from either side of the base of the
carpogoium, and 5-8 one-celled involucral cells
produced newly from the subhypogenous cell. The
auxiliary cell probably is fused with one of the
connecting cell, divides apically and successively 3-4
gonimoblast initials. Successively 3-4 additional
gonimoblast initials are developed from the fusion cell,
which is a mushroom to columnar shaped cell by fusion
of the supporting cell and subapical cell of fertile axis
(Figs. 3C, 4B-C). 

Each gonimoblast initial divides obliquely to
irregularly to produce a mass of gonimolobe cells, which
are roughly equal-sized and enclosed by common
gelatinous sheath. About 8-10 distal gonimolobes consist
of a cystocarp, being 450-550 µm broad and 600-750 µm
long at maturity. Mature carpospores are spherical to
ovoid and 57-82 µm broad and 64-96 µm long. The
cystocarps are surrounded by two kinds of involucres;
one is 2-4 vegetative laterals produced before
fertilization, and the other is 5-8 one-celled involucres
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Fig. 4. Female structure of Griffithsia okiensis in Korea. A. Two carpogonial branches and auxiliary cell on procarp. B. Young
gonimolobe. C. Mature gonimolobe. Abbreviations are same as in Fig. 4. Scale bars, A-B = 20 µm; C = 50 µm.



produced after fertilization. All involucres arise from the
subhypogenous cell (vegetative pyriform cell), not from
the hypogenous cell.

Phylogenetic analyses 
Plastid psbA and rbcL region from eleven populations

of G. okiensis from Korea and Japan and one population
of G. japonica from its type locality of Japan were
determined in present study. In psbA gene (941 bp
aligned), 235 positions (25%) were variable and 197
(19%) were parsimoniously informative (Table 2). There
was a slight AT bias for the psbA gene fragment (60.7%).
The infraspecific divergence in nine populations of
Korean G. okiensis ranged from 0% to 0.21% (Chaguido
and Wando). The sequences of G. okiensis from Korea

and Japan differ by 3-4 nucleotides (0.32-0.43% sequence
divergence) and from G. japonica by 10-11 nucleotides
(1.06-1.17% sequence divergence). 

In the rbcL gene (1379 bp aligned), 458 (33.2%) were
variable, 359 (26%) were informative and with a G + C
content of 36.8%. The rbcL sequences of G. okiensis from
Korea were identical except Anin and Wando, which
differed from others by 2 and 1 nucleotides, respectively.
The rbcL sequences of G. okiensis from Korea and Japan
differed by 6-7 nucleotides (0.44-0.56% sequence
divergence) and from G. japonica by 28-29 nucleotides
(2.03-2.1% sequence divergence). There was a difference
of 24 nucleotides (1.74% sequence divergence) between
G. japonica and G. okiensis from Japan (Table 2).

For the psbA and rbcL regions, the partition
homogeneity test revealed significant congruence (p =
0.125). Based on the partition homogeneity test, sequence
data from the two plastid gene regions were combined
for the phylogenetic analyses. 

All analyses of the psbA + rbcL, psbA, and rbcL
sequences showed the monophyly of G. okiensis, which
was clearly separated from G. japonica (Figs 5 and 6). In
the combined psbA + rbcL ML tree, monophyly of G.
okiensis was strongly supported by bootstrap analyses.
The ML tree for the concatenated dataset showed close
relationships among G. okiensis and G. japonica. The
genus Griffithsia was clearly separated into two clades
(Fig. 6). The monophyly of each clade was supported by
high bootstrap values (100% for ML and 99% for MP). 

The topology of the ML tree for psbA (Fig. 6A) was
similar to that for the concatenated data. However, the
psbA tree was different from those of rbcL and combined
data in having G. okiensis from Korea as a sister to G.
japonica. The G. okiensis and G. japonica clade was well
supported (100% for ML and MP).

The ML tree for rbcL (Fig. 6B) showed that G. okiensis
was monophyletic with high bootstrap values (99% for
ML and 97% for MP). The rbcL ML tree had a similar
topology to the concatenated tree in having close
relationships between G. okiensis from Korean and Japan.

DISCUSSION

Our recent collections of Griffithsia okiensis from Korea
correspond in their habit and vegetative and
reproductive structures to the description of Kajimura
(1982, 1989). Griffithsia okiensis is smaller in thalli height
(0.3-1 cm), diameter of vegetative cells (50-500 µm), and
the ratio of cell length/breadth (2-3 times) than those of
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Fig. 5. Maximum likelihood tree for Griffithsia okiensis and
relatives estimated from the plastid-encoded psbA + rbcL
sequence data [GTR + Γ + I model, - Log likelihood =
10805.261; A ↔ C = 1.0276, A ↔ G = 5.0705, A ↔ T =
5.6461, C ↔ G = 1.3363, C ↔ T = 18.387, G ↔ T = 1; Γ =
2.0476; I = 0.6053; and different nucleotide frequencies (A =
0.2945, C = 0.1735, G = 0.2042, T = 0.3278)]. The bootstrap
values are calculated from 500 bootstrap resamplings with
the ML method using the GTR + Γ + I model and 1,000
bootstrap resamplings with the MP method (ML/MP).



G. japonica (3-6 cm, 575-920 µm, and 2-6 times, respectively).
In addition, G. okiensis has two carpogonial branches
from the supporting cell, while G. japonica has one
carpogonial branch (Itono 1977; Kajimura 1982, 1989).

The procarpic structures are consistent ontogenetically in
most species of the tribe Griffithseae (Baldock 1976; Kim
and Lee 1987; Boo and Cho 2001). There have been
reported three types of procarp: the first type is reported
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Fig. 6. Maximum likelihood trees for Griffithsia okiensis and relatives using GTR + Γ model for (A) psbA sequences [-Log likelihood =
3734.296; A ↔ C = 0.5626, A ↔ G = 5.8843, A ↔ T = 9.804, C ↔ G = 0.6269, C ↔ T = 32.5359, G ↔ T = 1; Γ = 0.175; A = 0.2547, C
= 0.1925, G = 0.2003, T = 0.3524]. (B) rbcL sequences [-Log likelihood = 7106.292; A ↔ C = 1.3513, A ↔ G = 4.7034, A ↔ T =
4.5312, C ↔ G = 1.727, C ↔ T = 14.9034, G ↔ T = 1; Γ = 0.2023; A = 0.3216, C = 0.161, G = 0.2067, T = 0.3107]. The bootstrap
values for each gene are calculated from 500 bootstrap resamplings with either the ML method using the GTR + Γ + I model and
1,000 with MP method (ML/MP).

Table 2. Absolute sequence divergence of psbA (the lower-left matrix) and rbcL (the upper-right matrix) sequences between Griffithsia
okiensis (Korean population), G. japonica, and G. okiensis (Japan Population). Numeral in parentheses is the number of samples.
Type locality of the species is underlined.

Taxa 1 2 3 4 5 6 7 8 9 10 11

1. G. okiensis Moonsum - 0 0 0 0 2 - 1 7 7 29
2. Tonggumi 0 - 0 0 0 2 - 1 7 7 29
3. Haegumgamg (2) 0 0 - 0 0 2 - 1 7 7 29
4. Gangjeong 0 0 0 - 0 2 - 1 7 7 29
5. Chaguido 1 1 1 1 - 2 - 1 7 7 29
6. Anin 1 1 1 1 2 - - 1 7 7 29
7. Gampo 1 1 1 1 2 0 - - - - - 
8. Wando 1 1 1 1 2 0 0 - 6 6 28
9. Kamo Bay 3 3 3 3 4 4 4 4 - - 24
10. Kamo Bay, cave 3 3 3 3 4 4 4 4 0 - 24
11. G. japonica Choshi 10 10 10 10 11 11 11 11 11 11 -



in G. corallinoides, which produces three periaxial cells
from subapical cell of fertile axis and two carpogonial
branches arise from each other of two supporting cells
(Kylin 1916, 1956). The second type is reported in G.
monilis var. cincta and G. okinesis, which produces two
periaxial cells from subapical cell of fertile axis and two
carpogonial branches arise from one supporting cell, as
seen previous studies (Baldock 1976, Kajimura, 1982,
1989). The third type is reported in Ossiella pacifica, which
produces two periaxial cells from subapical cell of fertile
axis and two carpogonial branches arose from one
supporting cell without supporting-sterile cell (Miller
and Abbott 1997). The supporting-sterile cell developed

into another carpogonial branch in Ossiella pacifica.
Additionally, Itono (1977) reported three periaxial cells
in procarps of G. japonica and G. rhizophora (= G.
heteromorpha Kützing, see Abbott 1999). However,
phylogentic importance of these procarpic types was not
supported in previous molecular study by Yang and Boo
(2004). 

It is also interesting to note that G. monilis var. cincta
Baldock has two carpogonial branches on a supporting
cell and spermatangial fascicles enclosed by involucres,
whereas G. monilis var. monilis has one carpogonial
branch and naked spermatangial fascicles without
involucres (Baldock 1976). Molecular analyses are
expected to resolve a taxonomic query between both
species that we issue here.

The morphological difference between G. okiensis and
G. japonica is reflected in the rbcL and psbA sequences:
both species differed by 10-11 nucleotides (1.06-1.17%
divergence) in psbA sequences and by 28-29 nucleotides
(2.03-2.1% divergence) in rbcL sequences. Such levels in
rbcL are mostly higher than or equal to the interspecific
variation in other ceramiaceous algae: 0.7-1.8% between
Ceramium secundatum and C. botrycarpum Griffiths ex
Harvey (Maggs et al. 2002), 1.2-3.8% among C. codicola J.
Agardh, C. interruptum Setchell et Gardner, and C.
sinicola Setchell et Gardner (Cho et al. 2003). This is the
first report on the occurrence of G. okiensis outside Japan,
corroborated by both morphological and molecular data.
Since G. okiensis is very similar to G. japonica in habit,
branching pattern and cystocarps, the thalli have
probably been misidentified under the name of G.
japonica. Detailed observations and molecular analyses of
field-collected material will probably enable a more
realistic evaluation of distribution of G. okiensis to be
made in the northwest Pacific.

It is very interesting to note that G. okiensis from Korea
and Japan differed by 3-4 nucleotides (0.32-0.43%
sequence divergence) in psbA and by 6-7 nucleotides
(0.44-0.56% sequence divergence) in rbcL, despite low
sequence difference (0% to 0.21% in psbA and 1-2
nucleotides in rbcL) within samples from Korea.
However, samples from Korea and Japan were
morphologically undistinguishable. Molecular variation
but morphological similarity between G. okiensis from
Korea and Japan may imply that G. okiensis is in the early
stages of speciation. Both rbcL and psaA data suggest
that the current distribution of G. okiensis may follow
Tsushima currents, which flows up from Korea to Japan
(Fig. 7).  
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Fig. 7. Distribution of Griffithsia okiensis (Korean types = dark
stars; Japanese type = gray star) and G. japonica (white star)
and current systems in Korea and Japan (modification from
Nishimura 1983). CC = Chinese coastal currents, K =
Kuroshio currents, N = Liman current, P = Primorskoi
currents, T = Tsushima (T1=coastal branch, T2 and T3=
offshore branches), YS = Yellow Sea Currents.



Despite many previous reports for the occurrence of G.
japonica in Korea (see review by Lee & Kang 2001), we
found no evidence for the occurrence of the species in
Korea in the present study. The results cast a question on
the occurrence of G. japonica in China, Vietnam (Pham-
Hoang 1969), and Solitary Island in Australia (Miller
1998), as well as Japan (Yoshida 1998). For example, the
Chinese alga under the name of G. japonica (Tseng 1941)
is questioned and looks G. okiensis because of its small
size and its distribution on the South China Sea, which is
near Jeju, Korea. 

Both psbA and rbcL trees reveal the sister relationship
between G. okinesis and G. japonica. This relationship may
be reflected in the Kuroshio currents. The main Kuroshio
current flows from the South China Sea to Pacific Ocean
side of Japan, where G. japonica is distributed.
Meanwhile, the Tsushima current flows from southern
Korea to the western parts of Japan, where G. okiensis
occur. However, the species from Korea and Japan is
under different branches of Tsushima currents (Fig. 7,
Nishimura 1983). 
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INTRODUCTION

Rhodochorton purpureum (Lightfoot) Rosenvinge is a red
alga (Florideophyceae, Acrochaetiales, Acrochaetiaceae)
that occurs in shaded upper intertidal marine habitats of
temperate to cold water regions of the north and south
hemispheres. Various authors have investigated the ecol-
ogy, physiology and reproductive biology of
Rhodochorton purpureum. In the field the tetrasporophytic
phase is known to produce tetrasporangia in short days
of winter (Breeman et al. 1985) and with laboratory cul-
ture it has been well documented that tetrasporangia
form in short days (8-12 hrs of light) and cool tempera-
tures (5-15°C) (Dring and West 1983; Knaggs 1968; Lee
1985; Ohta and Kurogi 1979; Stegenga 1978; West 1969,
1970, 1972). Tetraspores give rise to gametophytes that
are usually smaller than tetrasporophytes and bear well
defined sexual reproductive structures. The male plants
have numerous branches bearing spermatangial clusters
and the females have solitary carpogonia or numerous
clusters of carpogonia on older plants. The fertilised car-
pogonium develops into a gonimoblast from which the
tetrasporophyte develops directly. 

In Korea R. purpureum is recorded on Jeju Island (Lee

1987) but its reproduction had not been investigated. We
wished to determine the optimum culture conditions for
tetrasporogenesis and gametophyte development as well
as to determine if discharged spores and spermatia were
motile using time lapse videomicroscopy.

MATERIALS AND METHODS

The specimens of Rhodochorton purpureum used in this
study were obtained by YPL on 28 September 2001 in the
supralittoral at Seongsanpo (33°N), Jeju Island, Korea
and by Michael Wynne in a very shaded supralittoral
recess at Cattle Point (48°N), San Juan Island, Washing-
ton, USA, on 16 August 2002. Both samples were sent by
airmail enclosed in moist tissue in small plastic bags.
Techniques for isolation and culture are as described in
West and Calumpong (1988) and West (2005). All cul-
tures were maintained in Modified Provasoli’s Medium
(MPM) (West 2005) at 30 psu (practical salinity units).
Cool white fluorescent lighting at 10-30 µmol photons
m–2 s–1 was used for all cultures. For induction of
tetrasporangia the plants were grown in various
daylengths and temperatures. To induce spore release by
mature tetrasporangia, we immersed small tetrasporan-
gial plants (2-4 mm long) from the main culture at 30 psu
into fresh medium at 14, 26 and 30 psu for up to 1 hour.
These salinity differences achieved little increase in spore
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release so we also tried to simulate the effects of low tide
exposure by blotting small tetrasporangial plants on
Whatman No. 1 filter paper for 10 to 30 seconds and then
reimmersing in fresh medium at 10, 26 or 30 psu. To

induce spermatial release we either transferred male
plants with mature spermatangia from culture medium
at 30 psu to fresh medium at 20, 15 and 10 psu or blotted
male plants dry briefly for 10-30 seconds and placed

104 Algae Vol. 21(1), 2006



them to fresh 30 psu medium. The videomicroscopy
methods were given in Pickett-Heaps et. al. (2001). The
4187 samples were sealed under a coverslip with VALAP
(equal weights Vaseline, lanolin, paraffin wax melted
together) and the spore release was recorded at room
temperature (16-22°C) in time lapse on a videodisc
recorder.

OBSERVATIONS

Table 1 indicates the results for daylength and temper-
ature conditions in which the two isolates were cultured.  

The 4241 isolate from San Juan Island, Washington
USA (48°N) was tested in the complete range of condi-
tions available but no tetrasporogenesis occurred.
Growth was satisfactory in all conditions except 12:12
LD, 21 ± 2°C, 20-30 µmol photons m–2 s–1 in which the
tetrasporophyte died. Normal stolons attached to the

glass substrate and formed erect branched shoots at reg-
ular intervals (Fig. 1). 

The 4187 plants from Jeju Island, Korea grew well in
12:12LD at 18 ± 2°C without reproduction but died
12:12LD at 21 ± 2°C (Table 1). Tetrasporogenesis was
induced in two weeks by growing the plants in 11:13LD
and 8:16LD at 14 ± 2°C and 8:16 at 12 ± 1°C and 10 ± 1°C
(Figs 2 & 3). Tetrasporangia and bisporangia were 24-29
µm long and 17-19 µm in diameter, releasing 4 or 2
spores respectively (Figs 4 and 8). Free spores were 12-15
µm in diameter. Spores oozed out of the sporangia and
once released they showed slight amoeboid deformation
for 2-3 minutes, after which the spores simply rounded
up and showed no further movement (such as gliding). 

Table 2 shows the results for salinity and blotting
treatments for spore releases of the 4187 isolate.
Significant spore release occurred in 30 psu in both treat-
ments, compared to 10, 14 and 26 psu. No spore release
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Table 1. Influence of daylength and temperature on sporulation
in Rhodochorton purpureum 4187 in culture.

Isolate Daylength Temperature Sporulation

4187
12:12 LD 21 ± 2°C - (died)
12:12 LD 18 ± 1°C -
11:13 LD 14 ± 1°C +
8:16 LD 13 ± 1°C +
8:16 LD 10 ± 1°C +

4241
12:12 LD 21 ± 2°C - (died)
12:12 LD 12 ± 1°C -
11:13 LD 14 ± 1°C -
8:16 LD 21 ± 2°C -
8:16 LD 13 ± 1°C -
8:16 LD 10 ± 1°C -

Table 2. Observations of Rhodochorton purpureum 4187
tetraspore release in different conditions.

Salinity Treatment Observation

14 psu No spore release
26 psu Some spore release, two spores with 

slight amoeboid motion
30 psu Some spore release, one with slight 

amoeboid motion
Blotting and salinity
Blotted, 10 psu No spore release
Blotted, 26 psu Some spore release (not much), with 

some slight amoeboid motion 
Blotted, 30 psu Some spore release, one tetrad with 

one spore showing amoeboid motion 

Fig. 1. Habit of R. purpureum 4187 tetrasporophyte at 12:12 LD, 18 ± 1°C. Mature tetrasporangia developed in two weeks on the erect
shoots. Scale bar is 100 µm.

Fig. 2. Habit of R. purpureum 4241 tetrasporophyte at 8:16 LD, 13 ± 1°C. No reproduction occurred in conditions tested. (ER, erect
shoots; B, basal system). Scale bar 50 µm. 

Fig. 3. Habit of R. purpureum 4187 male gametophyte at 8:16 LD, 13 ± 1°C. (SP, spermatangial clusters). Scale bar is 150 µm.
Fig. 4. Tetrasporangial and bisporangial formation, empty sporangia with spores and sporelings. (BS, released bispores.) Scale bar is

25 µm. 
Fig. 5. Tetraspore germination two days old 4187 at 8:16 LD, 13 ± 1°C. Scale bar is 10 µm.
Fig. 6. Male gametophyte 4187 at 8:16 LD, 13 ± 1°C. (SP, spermatangia; R, rhizoid; S, spore).  Scale bar is 15 µm.
Fig. 7. Mature male gametophyte with spermatangial cluster (cf Fig. 2). Scale bar is 30 µm.
Fig. 8. Tetrasporangial formation of 4187 at 8:16 LD, 13 ± 1°C. Scale bar is 25 µm.
Fig. 9. Two-week-old female gametophyte of 4187 at 8:16 LD, 13 ± 1°C. Carpogonium with trichogyne (TR), rhizoid (R) arising from a

spore (S). Scale bar is 15 µm. 
Fig. 10. Mature female gametophyte with a carpogonial cluster. Trichogynes (TR) and developing carpogonia. Rhizoid (R) growing

from base of cluster. Scale bar is 25 µm.
Fig. 11. Female gametophyte with tetrasporangia. Scale bar is 20 µm.



was observed in 10 and 14 psu treatments. The blotting
technique appeared to slightly increase the spore release
in both 26 and 30 psu.  

The spores typically had bipolar germination with the
narrow (ca. 5 µm) rhizoid developing first (Fig. 5), fol-
lowed by the erect shoot with a larger diameter (ca. 7
µm) at the opposite pole (Figs 6 and 9). The stolons and
erect branches of male and female plant were slightly
smaller in diameter than those of the tetrasporophyte.
The sporelings became sexually mature in about 2 weeks
under optimal conditions (8:16LD, 12 ± 2°C, 15-20 µmol
photons m–2 s–1). Typical young male plants were about
130 µm in length. The rhizoid was about 60 µm long,
while the erect shoot and spermatangial cluster were
about 50 µm in length (Fig. 6). On old longer male plants
lateral branches with spermatangial clusters developed
on stolons and erect shoots (Fig. 7).

We tested various ways to induce spermatial release to
determine if spermatia were motile. Transferring male
plants with mature spermatangia from culture medium
at 30 psu (salinity) to 20, 15 and 10 psu was unsuccessful.
Blotting and reimmersing male plants was also unsuc-
cessful in stimulating release. The blotting process
caused no visible damage to the plants.

Female plants often were shorter than the males when
first reproductive. When the erect shoot was only one
cell long a carpogonium sometimes developed (Fig. 9)
and a lateral cell formed below that formed a new apical
cell and further carpogonia. The carpogonial base was 8-
9 µm in diameter and 17-24 µm long tapering into the tri-
chogyne that was 3 µm in diameter and up to 200 µm
long. The older carpogonia collapsed and decomposed.
We   observed no post-fertilisation development of car-
posporophytes even though free spermatia occasionally
were seen attached to trichogynes. Larger older female
plants had well defined stolons on which single carpogo-
nia or short clusters bearing numerous carpogonia were
seen on short erect branches (Fig. 10). Often we saw
developing tetrasporangia in the carpogonial clusters
(Fig. 11). These did not appear to be derived from a car-
posporophyte but directly from cells of the female game-
tophyte. No spore discharge was observed from these
tetrasporangia.

DISCUSSION

Four different life history patterns are described for
Rhodochorton purpureum from different locations.  

The first and most common pattern seen is sexual- a

tetrasporophyte producing tetrasporangia and the
tetraspores developing into male and female gameto-
phytes. Fertilised carpogonia form reduced gonimoblasts
that give rise directly into new tetrasporophytes (Knaggs
1968; Lee 1985; Ohta and Kurogi 1979; Stegenga 1978;
West 1969, 1970). One isolate from Chile produced
monoecious gametophytes (West 1970) and one isolate
from Muroran, Japan also had monoecious gameto-
phytes (Ohta and Kurogi 1979). These also resulted in
direct development of the tetrasporophyte from the goni-
moblast.  

The second pattern is asexual- the tetrasporophyte
producing tetrasporangia and tetraspores form new
tetrasporophytes. This occurred in some isolates from
Muroran and Oshoro, Japan (Lee 1985).  

The third pattern is mixed-phase-gametophytes bear-
ing carpogonia and tetrasporangia or spermatangia and
tetrasporangia occurred in isolates from Muroran, Japan
(Lee 1985). Mixed-phase reproduction was also seen in
our isolate from Jeju I. Korea but it was not possible to
determine if the spores from mixed-phase plants were
viable. 

The fourth pattern is no reproduction. Only vegetative
growth occurred in isolates from Nemuro, Japan but this
may have been because the temperatures and photoperi-
ods were not suitable to induce tetrasporogenesis (Lee
1985). That may be the problem with our isolate 4241
that did not reproduce in any conditions tested.
However, another isolate from San Juan Island formed
tetrasporangia at 8:16, 10:14 and 12:12 LD in 10 ± 1°C but
no tetrasporangia were seen at 8:16, 10:14 and 12:12 LD
in 15 ± 1°C (West 1972). Isolates from Amchitka, Alaska
(52°N) and Concepcion, Chile (37°S) sporulated well at
10°C. An isolate from Bodega, California (38°N) sporu-
lated well at 8:16, 10:14 and 12:12 LD in 15 ± 1°C.

Although we didn’t see significant spore release or any
spermatium release in treatments used here we can
report R. purpureum from Jeju Island, Korea has bispores
and tetraspores with slight amoeboid motility. By con-
trast, monospores of Colaconema caespitosum (J. Agardh)
Jackelman, Stegenga & J.J. Bolton (as Audouinella botry-
ocarpa (Harvey) Woelkerling) exhibited very active
amoeboid or rotating movement (Guiry et al. 1987).
Amoeboid motility of monospores was also observed in
Acrochaetium pacificum Kylin [as Audouinella pacifica
(Kylin) Garbary] and Colaconema proskaueri (J.A. West)
P.W. Gabrielson [as Audouinella proskaueri (West)
Garbary] by Pickett-Heaps et al. (2001). 

Bisporangia frequently occur in various red algae
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(Guiry 1990) and West et al. (2001) but their formation
and functions seem to vary greatly in different taxa. The
bispores in R. purpureum from Washington USA (West
1969) evidently germinated and developed into gameto-
phytes but we have not substantiated that in the Korean
isolate. 

It has not been possible to induce spermatium release
in 4187. Consequently no observations were made on
spermatium motility and fertilisation. However, in
Phyllopora membranifolia (Goodenough et Woodward) J.
Agardh, spermatium motility was reported by
Rosenvinge (1927) but no spermatium motility was
observed in videomicroscopy investigations on fertilisa-
tion in Murrayella periclados (C. Agardh) Schmitz  (Wilson
et al. 2003) and Bostrychia moritziana (Sonder ex Kuetzing)
J. Agardh (Wilson et al. 2002).

To continue our investigation it will be necessary to
test other techniques and conditions to enhance spore
and spermatium release and movement. 
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INTRODUCTION

Green algae of the order Caulerpales are multinucleate,
siphonous and exhibit cytoplasmic streaming. Giant-celled
species are well represented. Since these cells are vulnera-
ble to wounding in their marine environment from sand
abrasion, wave action and/or grazing efficient wound
repair is critically important for their survival. The efficien-
cy of this wound repair is indicated by the way giant-
celled architecture has survived essentially unchanged for
at least 400 million years (Menzel 1988).

Wound responses of various siphonous green algal
species in the Caulerpales and Siphonocladales-
Cladophorales complex have been well studied (for
reviews see Menzel 1988). Response phenomena have been
classified into three main types as follows: i) localized con-
traction of the cytoplasm around the wound; ii) formation

of protoplasts from damaged cytoplasm; and iii) formation
of a wound-plug at the wound site.

Protoplast formation and subsequent regeneration into
new plants is well described in Bryopsis (Kim et al. 2001;
Pak et al. 1991), Microdictyon (Kim et al. 2002) and
Chaetomorpha (Klotchkova et al. 2003). Upon wounding,
cytoplasm is extruded from the cell into seawater, frag-
ments, and rapidly transforms into spherical protoplasts
which, although essentially naked, are initially enclosed by
a highly refractive, gelatinous primary envelope while they
synthesise new membranes (plasmalemma and tonoplast)
and cell wall. When the cytoplasm of Bryopsis maxima
Okamura was dissociated into sub-cellular fractions, isolat-
ing the chloroplasts in one fraction, these fractions, when
mixed, reassembled into numerous viable protoplasts
(Kobayashi and Kanaizuka 1985). Thus, completely dis-
rupted cytoplasm can reform into viable cells. Derbesia
(Caulerpales) has not been studied in this context until
now.

Although there are some descriptions of wound
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Wound recovery: Responses to various types of mechanically induced wounding were followed in the giant-celled
Caulerpalean species, Derbesia tenuissima, using time-lapse video-microscopy. Gametophyte vesicle cells. Puncture
wounding: the gametophyte cell seals the puncture in 5 min. This is followed by cycles of ruptures and sealing, ending
with full recovery in 24 hrs. Cut wounding: the protoplast immediately retracts away from the wall and reforms an
intact, deflated protoplast that expands to fill the original cell within 21 hrs. Crush wounding (internal). When retained
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until it attains complete recovery, filling the original cell shape in 12 hrs. Crush wounding (external). Protoplast frag-
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responses in Derbesia [e.g., the ability of Derbesia spp. to
seal small puncture wounds (Ziegler and Kingsbury 1964),
or to form protoplasts after wounding (Klemm 1894;
Rietema 1973; Ziegler and Kingsbury 1964)], this work has
not been followed up. Rietema (1973) studied the long-
term development of Derbesia marina (Lyngbye) Solier
plants derived from protoplasts created from wounded
plants.

Our information on wound responses in other algal
species has been gained from still images, fluorescence
microscopy, transmission electron microscopy (TEM) and
histochemical studies. However, these techniques do not
afford a detailed understanding of the dynamics of wound
responses. Such data can be obtained most readily from
time-lapse video microscopy, as early work on chloroplast
movement in Derbesia tenuissima (Moris et De Notaris) P.
Crouan et H. Crouan has demonstrated (McNaughton and
Goff 1990). Our work here is the first to follow these algal
wound responses with video microscopy in the genus
Derbesia which, as we will show, displays a range of
wound responses.

During the diplohaplontic life cycle of D. tenuissima the
filamentous, diploid sporophyte alternates with the mor-
phologically different vesicular, haploid gametophyte. So
different are the two that the gametophyte was originally
classified as a separate genus, Halicystis, until it was dis-
covered to be the haploid phase (Feldmann 1950;
Kornmann 1938). Male and female gametophytes appear
identical until gametangia develop, the female
gametangium being dark brown to black and the male
being a lighter olive-green. Gametangial formation and
gamete release have been the focus of most research on
Derbesia spp. (Page and Kingsbury 1968; Page and
Sweeney 1968; Wheeler and Page 1974). Page and Sweeney
(1968) investigated the pronounced, regularly recurring
periodicity of gamete formation in D. tenuissima.
Formation of gametangia displays an endogenous rhythm
with a basic period of 4-5 days, which is little affected by
light or temperature variation. D. tenuissima can also form
new sporophytes by parthenogenetic development of the
female gametes (Ziegler and Kingsbury 1964).

Much uncertainty and controversy exist about the exact
life history seen in different isolates of D. tenuissima investi-
gated by different workers. Neumann (1969, 1974) pro-
vides an excellent analysis of the life history. Whether
karyogamy in an Italian strain of D. tenuissima occurs
immediately after plasmogamy (Lee et al. 1998, 2000, 2001)
or whether the nuclei of the sporophyte of a Yugoslavian
strain are apparently haploid until sporangia form when

karyogamy and meiosis occur (Eckhardt et al. 1986,
Schnetter and Eckhardt 2000) is not clear. Eckhardt et al.
(1986) also observed this same feature in D. marina from
Spain and D. novae-zealandiae V. Chapman from Western
Australia. The D. tenuissima culture used by Lee et al. (1998,
2000, 2001) was sexually reproductive and also exhibited a
very low rate of parthenogenesis of the female gametes
giving rise to a succession of haploid sporophytes, haploid
stephanokont zoospores and female gametophytes. The
Colombian D. tenuissima culture used by Schnetter and
Eckhardt (2000) reproduced parthenogenetically and did
not produce male gametophytes. It was thus permanently
female. In their interpretation of the differing results
derived from these two stock cultures, Lee et al. (2000) have
proposed that the sporophyte used in Schnetter and
Eckhardt’s experiments may have been derived from
parthenogenic female gametes, which contained only
female haploid nuclei and only produced female gameto-
phytes. If this is true, it is still to be determined which of
these life cycles is the most typical for the species.

MATERIALS AND METHODS

Cultures
Three strains of Derbesia tenuissima were used. Strain

2773-1 was epiphytic on Laurencia brongnartii J. Agardh col-
lected at White Beach, Batan I, Philippines on 22 April
1987. Strain 3440 was epiphytic on Claviclonium ovatum
(Lamouroux) Kraft et Min-Thein collected by John
Huisman, from Map Reef, Yanchep, West Australia on 15
November 1994. Strain 4303 was supplied by Sang Hee
Lee, originally collected and isolated by Dr. Mitsuo
Chihara from Naples, Italy in August 1990.

Stock unialgal cultures were maintained in Pyrex 100 x
80 mm deep storage dishes, containing modified
Provasoli’s medium (MPM/2, 10 ml enrichment per litre of
natural seawater adjusted to 30 psu salinity with MilliQ
water; West and McBride 1999). Subcultures for experi-
ments were maintained in Pyrex 70 x 50 mm crystallizing
dishes in the same medium. Strain 2773-1 and strain 4303
were kept at 22 ± 2°C under cool-white fluorescent light at
30 ± 5 µmol · m–2· s–1 photon flux density with an 11:13 hrs
L:D cycle. Strain 3440 was kept at 20 ± 1°C under cool-
white fluorescent light at 30 ± 5 µmol · m–2· s–1 photon flux
density with an 12:12 hrs L:D cycle.

Gametophytes were initially isolated from the stock
sporophyte cultures by pipetting young sporelings into a
fresh Pyrex 70 x 50 mm crystallizing dish. To determine the
sex of the gametophytes and also whether the released
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gametes developed parthenogenetically, single gameto-
phytes were further isolated by transferral into either a
Pyrex 70 x 50 mm crystallizing dish, or a single well (10 ml)
of a Falcon 6-well tissue culture plate. Gametophytes were
also obtained by extruding the cytoplasm of a mature,
vesicular gametophyte into seawater to form protoplasts
(Rietema 1973) that developed into new gametophytes.

Wounding
Puncture wounds were created with either a fine Sharps

No. 10 steel needle mounted in wood dowel, or a fine glass
needle. Cut wounds were created with a scalpel or a single
edged razor blade. Crush wounds were created with a
Teflon spatula if the cell was large enough, or between two
glass slides, if not. For observing protoplast formation
external to the cell wall, the cell was ruptured with a suit-
able implement, and the cytoplasm extruded into the sea-
water using forceps. Where possible, the cell was wounded
in the container in which it was to be filmed. If this was not
feasible, the cell was either wounded in a small Petri dish
or on a glass slide, in as little seawater as possible to pre-
vent the cell from moving.

Preparation for microscopy
Samples were mounted for filming into various cham-

bers, depending on their size, the duration of video filming
and the type of microscope used. For large cells and/or
long duration video work on the dissecting microscope,
samples were placed in a 15 x 60 mm plastic Petri dish
filled with medium. A second Petri dish bottom inserted
on top created a chamber without air. This combination
was sealed with Parafilm to prevent evaporation.
Specimens to be followed with a compound microscope
were placed in medium between two coverslips that were
sealed on either side of stainless steel slides with a rectan-
gular (15 x 25 mm) opening. The coverslips were secured
using Valap (1:1:1 mixture of vaseline, lanoline and paraf-
fin wax, melted at about 40°C). If the specimens were small
enough and filming was not long term, they were sealed
directly onto a clean glass slide using a coverslip and
Valap. If more space was required under the top coverslip,
#2 or #3 square coverslips were used as spacers and sealed
onto the glass slide, just underlapping the edges of the top
coverslip.

For filming of cytoplasmic streaming, tip segments of
the filaments were cut with fine microdissection scissors
(Roboz Surgical Instrument Company, Rockville, MD,
USA), transferred to a Petri dish and allowed to recover,
usually overnight. Healed segments were then transferred

to the appropriate chamber for video observation.

Video microscopy
Prepared samples were examined in one of the follow-

ing ways. Low magnification bright-field images were
obtained on a Leica MZ8 dissecting microscope with Leica
CLS150 fibre optic light supply, and imaged via a
Panasonic camera (AW-E600E). Higher magnification
images were obtained using a Leica DMRB or a Zeiss
Universal Microscope with either Nomarski or phase-con-
trast optics, and imaged via a Panasonic F250 colour video
camera. Time-lapse sequences were recorded on a
Panasonic re-writable videodisc recorder VDR- V1000P. In
order to reduce light intensity to the cell being followed, a
shuttering system was sometimes used (Pickett-Heaps and
West 1998). Real-time sequences were recorded on a
Panasonic videocassette recorder AU-650B. For reproduc-
tion, single video frames were exported to a computer
using a Targa Pro 2000 video board and capture software.
Figures were assembled using Corel Draw 10 and Corel
Photopaint 10.

Fluorescence microscopy
To follow cell wall formation, protoplasts were placed

on poly-L-lysine coated coverslips and, at various times
after formation, stained for 5 min with Calcofluor White
(Fluorescent Brightener 28, Sigma-Aldrich, Castle Hill,
NSW, Australia), diluted with sterile seawater to a concen-
tration of 100 µg/ml (Kim et al. 2001). The protoplasts were
then washed and mounted in the culture medium.
Preparations were examined on an Olympus BH-2 fluores-
cent microscope using a UV filter. Images were captured
using a Leica DC 300F digital camera.

RESULTS

Gametophyte wound response
Most wounding experiments were carried out on the

gametophyte because the cells are larger and more robust
than those of the filamentous sporophyte (Fig. 1).

Puncture wounding
When punctured, the gametophyte protoplast (Fig. 2A)

exhibited a very rapid centripetal contraction; turgor pres-
sure was lost and the cytoplasm retracted away from the
wound site. No wound plug material was extruded at the
wound site (Fig. 2B). Within a minute of wounding, the
broken edge of the cytoplasm darkened and became
rounded. Between 1 to 2 min after wounding, the hole in
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Fig. 1. Diplohaplontic life cycle of Derbesia tenuissima. (Note: Figure is composed of images taken from all three strains of D. tenuissima).
Fig. 2. Derbesia tenuissima gametophyte (3440): response to puncture wounding. (A) Intact gametophyte cell. (B) Puncture wound viewed

from side. (C) Centripetal closure begins 1 to 2 min after wounding. (D) Cytoplasm ballooning out through the hole in the cell wall
around 4 min after wounding. (E) Distending cytoplasm ruptures again at the initial wound site (arrow). (F) Fully recovered cell
(approx. 24 hrs later).



the cytoplasm began to constrict centripetally (Fig. 2C).
Within 4 to 5 min, the hole in the cytoplasm was closed
whereupon turgor pressure began to build in the vacuole
again, causing the protoplast to balloon through the hole in
the cell wall (Fig. 2D). When the distension became too
great the protoplast ruptured again (Fig. 2E). These rup-
tures varied in position and were much smaller than in the
initial wound; they were just big enough to release the
pressure and allow the expanded protoplast to collapse
partially. These small ruptures were immediately sealed,
and the cycles of sealing and rupture continued with
diminishing intensity. The interval between the expansions
and contractions was variable, ranging in one recovering
cell from 23 to 341 sec. A time-lapse sequence revealed
small, localised contractions occurring in the cytoplasm
surrounding the constricted wound site, just after the
wound had closed. All cells fully recovered from puncture
wounding (Fig. 2F) after about 24 hrs, and most were able
to form gametangia later.

Cut wounding
When vesicular gametophyte cells were cut open, the

response was also a centripetal contraction. The entire cut
edge of the protoplast constricted, pulling away from the
wall (Fig. 3A). Once the wound had closed (Fig. 3B), the
entire cytoplasmic mass retracted towards the basal end of
the cell (Fig. 3C) before the pressure in the vacuole
increased, causing expansion of the deflated protoplast
(Fig. 3D). The cytoplasm around the wound site became
much darker, presumably due to the migration of chloro-
plasts to the wound area (Fig. 3D). As with the puncture
wounding, a series of pressure fluctuations followed, visi-
ble as expansions and retractions of the protoplast (Fig.
3E). Throughout wound repair, the cytoplasm was actively
streaming and thin cytoplasmic bands of organelles moved
across the field in waves. A new cell wall was eventually
formed over the protoplast and 21 hrs after wounding the
cell appeared to be fully repaired, although somewhat
smaller than the original (Fig. 3F). In time, the repaired cell
developed into a full sized gametophyte.

Crush wounding
When the cell’s cytoplasm was broken apart by crushing

with forceps, numerous fragments of various sizes were
created within the cell wall (Fig. 4A). Quite often the cyto-
plasm in the rhizoidal base was less disrupted than in
other parts of the cell, allowing it to close centripetally, and
form a vacuole. The fragments within the cell wall con-
densed and became rounded. The largest quickly devel-

oped a vacuole and began to expand at 35 to 40 min after
wounding. Eventually the expanding fragments met and
fused to form a single protoplast (Fig. 4B).

By this stage the protoplast had again come into contact
with the cell wall, and as turgor pressure in the vacuole
increased, the protoplast began to re-inflate. The protoplast
burst and retracted every time the pressure became too
great, and the cell deflated a little before the pressure
increased again. These pressure fluctuations created an
impressive spectacle in time-lapse and caused the whole
protoplast to move with a rocking motion. In one experi-
ment this pressure variance occurred 33 times before the
cell was fully re-inflated. As with the puncture wound, the
cycle intervals were variable, for example between 2 and
13 min and most commonly around 5 min. Complete seal-
ing of the cytoplasm in this cell took 3 hrs, and complete
recovery occurred in 12 hrs (Fig. 4C). Cytoplasmic stream-
ing was restored before the cell was fully re-inflated.

Protoplast formation after extrusion into seawater
When the cytoplasm was extruded from the wall into

seawater, it fragmented into small pieces (Fig. 5A). Within
2 to 10 min, depending on their size, the fragments con-
tracted and became spherical (Fig. 5B-C). The larger frag-
ments took longer to become spherical than the smaller
ones. The cytoplasm underwent extensive reorganisation
by folding and rolling, causing the protoplast to rotate.
Once rotation had stopped, contractions ran around the
edge of the protoplast, usually alternating in opposite
directions. In one protoplast, contractions lasted from 40 to
96 sec. A primary envelope, which was a highly refractive
sheath, developed around the protoplasts (Fig 5D). High
magnification revealed vesicles moving within this enve-
lope. These vesicles increased in size towards the outer
edge of the envelope (Fig. 5E-F).

Protoplast cell wall formation
A time-course staining experiment was conducted with

protoplasts formed by extruding cytoplasm into seawater
containing Calcofluor White (Fig. 6A). The images show
that deposition of cell wall material at the edge of the pri-
mary envelope did not begin until 2-3 hrs after formation
(Fig. 6B-C). The cell wall material became smoother and
thicker over time (Fig. 6D-E) and by 20 hrs the protoplasts
were well covered by a new cell wall (Fig. 6F).

Protoplast development inside the original gametophyte
cell wall

When the cytoplasm was extruded from the gameto-
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phyte and some fragments were left inside the wall, these
also readily formed protoplasts (Fig. 7A), which usually
expanded more rapidly than external protoplasts.
Expanding internal protoplasts did not develop a thick pri-
mary envelope like external protoplasts, but tended to
elongate elliptically before rapidly expanding radially.
They readily fused with others nearby (Fig. 7B), creating

larger protoplasts which continued to expand and fuse
until they reached the cell wall. Expansion occurred more
readily in protoplasts that remained in the rhizoidal base,
or were trapped within a fold of the cell wall and some-
what protected from the external environment. 

Two protoplasts retained close to the cut in the cell wall
and therefore the external environment, started out behav-
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Fig. 3. Derbesia tenuissima gametophyte (2773-1): response to cut wounding. (A) Cut gametangial lobe with edge of cytoplasm beginning
to constrict centripetally and pull away from cell wall. (B) Wound in cytoplasm has closed. (C) Cytoplasm has retracted and con-
densed. (D) Expansion of protoplasm. The cytoplasm around the wound site is very dense. (E) Retraction as protoplast ruptures. (F)
Recovered cell 21 hrs later.

Fig. 4. Derbesia tenuissima gametophyte (2773-1): response to crush wounding. (A) Crushed cell with fragmented cytoplasm, shortly after
wounding. (B) Expanding fragments have fused and formed a single protoplast. (C) Recovered cell, 12 hrs after wounding.



ing like internal protoplasts, but soon stopped expanding
and instead condensed again and developed a thick prima-
ry envelope, like the external protoplasts. Two protoplasts
of the same initial diameter of 70 µm, one internal (Fig. 7C)

and the other external (Fig. 7D), were filmed over the same
time period. The internal protoplast expanded rapidly, and
had doubled in size to 150 µm diameter within 120 min
(Fig. 7E). It then fused with a larger expanding protoplast
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Fig. 5. Derbesia tenuissima gametophyte (2773-1): protoplast formation. (A) Irregular fragment of cytoplasm, extruded into seawater. (B)
Cytoplasm condenses and rounds up. (C) A spherical protoplast, 10 min after extrusion. (D) A primary envelope containing vesicles
appears around the protoplasts. (E) & (F) Vesicles increase in size towards the outer edge of the envelope.

Fig. 6. Derbesia tenuissima (4303): protoplasts at various developmental stages stained with Calcofluor White. (A) 1hr & (B) 2 hrs: a faint
wall deposit on one side of the protoplast. (C) 3 hrs: uneven deposition of cell wall material. (D) 4 hrs & (E) 6 hrs: cell wall material
becomes thicker and more evenly distributed. Red chloroplast autofluorescence is visible. (F) 20 hrs: protoplast is well covered by a
new cell wall. The wall thickness and the Calcofluor fluorescence obscure the chloroplast autofluorescence.
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at around 140 min after formation. The controlled pattern
of expansion was also seen in other expanding, internal
protoplasts, where the protoplast had a clear girth and
dense cytoplasm at each pole. In contrast, the external pro-
toplast did not expand over the same time period, but
instead developed a thick primary envelope (Fig. 7F).

Development of protoplasts formed by extrusion
Each crushed vesicular cell produced over one hundred

protoplasts that developed into new gametophytes.
Protoplasts derived from the one cell and kept in the same
culture dish did not always develop the same morphology.
After 13 days some remained spherical (Fig. 7G), some
became clavate (not shown) and some became elongated
(Fig. 7H). Protoplasts only 13 days old were capable of pro-
ducing gametangia in synchrony with the endogenous
rhythm of gametangial formation exhibited by the mature
undamaged gametophytes (Fig. 7G). However, they were
unable to release the gametes, possibly due to their small
size, and instead the gametangial mass detached from the
cytoplasm and sank to the bottom of the vacuole, as some-
times occurred in the larger normal gametophyte cells. The
gender of the gametophytes resulting from protoplasts
strictly depended on the gender of the parent cell i.e. pro-
toplasts derived from a female cell developed into female
gametophytes while those from a male cell developed into
male gametophytes.

Sporophyte filament wound response
Whilst following the wound responses in the sporophyte

proved more difficult than in the gametophyte, some inter-
esting observations were made. When sporophyte fila-
ments were crushed between two slides, the cytoplasm
within the filaments fragmented into numerous condensed
segments. These segments filled the width of the filaments,
with collapsed sections of cell wall between them (Fig. 8A).
Initially the segments condensed further, and the bent and
twisted filaments began to straighten themselves. After
about one hour the protoplasts started expanding, causing
the filaments to further straighten and the collapsed sec-
tions of cell wall to re-inflate (Fig. 8B). In sections where
the cell wall had not collapsed, cytoplasmic strands often
stretched between the protoplasts as they approached each
other (Fig. 8C). The protoplasts expanded along the length

of the filament until they met and fused to re-form a con-
tinuous cytoplasm (Figs 8D-F). There appeared to be no
apparent order to the movement of the chloroplasts within
the segments prior to fusion, but shortly afterwards, nor-
mal chloroplast movement along the filament was fully
restored. When a sporophyte filament was cut, the cyto-
plasm immediately retracted and sealed itself. A material
with similar optical qualities to that of the primary enve-
lope surrounding protoplasts appeared at the cut end, on
the outside of the cytoplasm, and, like the primary enve-
lope of protoplasts, developed round bodies that looked
like vesicles (Fig. 8G). Once the cytoplasm had healed the
filaments grew out through the cut end (Fig. 8H), and
developed into a new vegetative shoot tip. Septations/
plugs were formed in some of the crushed filaments (Fig.
8I).

Reproduction: gametophyte and sporophyte
In the normal life cycle of Derbesia tenuissima, gamete

and spore release coincidentally invoked responses similar
to wound responses. The mature gametophytes of 2773-1,
whether in an isolation dish or within a colony, produced
gametangia concurrently every 4-5 days, as is characteristic
of this species (Page and Kingsbury 1968; Page and
Sweeney 1968). The female gametangium was dark brown
and the male gametangium was a pale, olive green (Fig. 1).
In this strain, almost all the gametophytes were female.
Only two male gametophytes were observed amongst 60
single-celled isolates from zoosporelings, a female to male
ratio of 30:1. The gametangia first appeared in the cell’s
dark period, at least 24 hrs prior to release. Each
gametangium had one or more release pores. During the
12 hrs prior to release, the cytoplasm in the gametangium
became distinctly wrinkled (Fig. 9A). Gametes were gener-
ally released at the onset of the photoperiod, around 7:00
a.m., although we observed many gametophytes that had
released earlier. Other workers reported that release was
triggered by light (Page and Kingsbury 1968; Page and
Sweeney 1968; Lee et al. 2002, 2003). Gametes were dis-
charged explosively, in 1/6th of a second (Fig. 9B). To catch
this moment (Fig. 9B) required long periods of video taken
in real time. Gamete discharge left a large clear area in the
cytoplasm under the pore (Fig. 9C), which was rapidly
closed, thus re-forming the continuous cytoplasm of the
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Fig. 7. Derbesia tenuissima gametophyte (2773-1): protoplast development. (A) A crushed gametophyte showing protoplasts forming both
inside the cell wall and in the seawater surrounding the cell. (B) Expanding protoplasts fuse when they contact each other (arrows).
(C) Protoplast inside cell wall (internal), 5 min after formation. (D) Protoplast in seawater (external), 5 min after formation. (E)
Internal protoplast, 120 min after formation. (F) External protoplast, 120 min after formation. (G) A spherical 13 day-old protoplast
with gametangium. (H) An elongate 13 day-old protoplast.



gametophyte cell (Fig. 9D). A distinct post-release scar
remained in the cytoplasm for at least 2 hrs after discharge
(Fig. 9E).

In the sporophyte, the developing sporangia were isolat-
ed from the main filament in a two-part septation process

involving events similar to a wound response. During the
initial stages of sporangial development, the cytoplasm
was continuous between the sporangium and the filament
(Fig. 10A). In the early hours of the morning the cytoplasm
was cleaved in two at the point where the sporangium
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Fig. 8. Derbesia tenuissima sporophyte (2773-1): response to wounding. (A) A crushed filament containing condensed protoplasts, separat-
ed by collapsed cell wall. (B) The protoplasts expand and fuse, straightening the filament in the process. (C) Cytoplasmic strand join-
ing two protoplasts as they expand towards each other. (D-F) Shortly after the protoplasts fuse and the filaments straighten, cytoplas-
mic streaming is restored. (G) A cut filament showing the sealed cytoplasm and the refractive “plug” material. (H) A healed filament
beginning to grow out of the cut end. (I) Septations sometimes formed in a recovered crushed filament.

Fig. 9. Derbesia tenuissima gametophyte (2773-1): gamete ejection. (A) Mature female gametangium just minutes before release. (B) The
gametes are ejected within 1/6th of a second (filmed in real time). (C) A large void is left in the gametangial space post-release. (D)
Organelles migrate back into the void to re-form the continuous cytoplasm. (E) A post-release scar remains at the gametangial site for
about 2 hrs after discharge.

Fig. 10. Derbesia tenuissima sporophyte (2773-1): sporangial development and spore release. (A) Cytoplasm is continuous between devel-
oping sporangium and filament. (B) Cytoplasm is violently cleaved, as the first incomplete septation is formed (arrow). (C)
Cytoplasm in filament balloons into sporangial space through a hole in plug. (D) Sporangial protoplast and filament fuse and cyto-
plasmic streaming into the sporangium is restored. (E) Cytoplasm is cleaved again, and a second septation formed with refractive
material building up inside the filament section at the base of the plug (arrow). (F) Zoospores released at 07:00 a.m. (G) The septation
process was filmed a second time. (H) Lateral branch growing out through the base of a recently released sporangium. Scale bar =
100 µm.
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joins the filament. When viewed in time-lapse, this action
appears as a violent jerking of the filament with enough
momentum to shift the sample downwards in the field of
view. This initial separation of the cytoplasm was rapidly
followed by the formation of a plug at the base of the spo-
rangium (Fig. 10B). While the rounded segment of sporan-
gial cytoplasm retracted towards the dome of the spo-
rangium, the cytoplasm of the filament ballooned into the
empty sporangial space through a small aperture remain-
ing in the plug (Fig. 10C). This incomplete initial septation
occurred both times the process was observed. The fila-
ment protoplast and the sporangial protoplast then fused,
and organelles began streaming in and out of the spo-
rangium again (Fig. 10D). It is this fusion of protoplasts
that bears similarity to protoplast fusion in wounded cells.
Final cleavage of the protoplast occurred when a second
septation was formed, completely separating the spo-
rangium from the filament (Fig. 10E). At this stage refrac-
tive material, optically similar to the primary envelope of
the gametophyte protoplasts and the material also seen
within wounded sporophyte filaments, appeared below
the septation site. This refractive material gradually disap-
peared and cytoplasmic streaming was restored in the
main filament. Just prior to their discharge (Fig. 10F), the
mass of zoospores within the sporangium retracted. A sep-
arate sequence filmed in real-time showed the zoospores
within the sporangium displaying the first tentative move-
ment of their stephanokont flagella just before discharge.
The flagella rapidly became more active until the top of the
sporangium burst, and the zoospores actively swam out. A
second sporangial septation was filmed, and although the
septation plug remained intact, thus protecting the main
filament during spore release, it appeared to form a weak
region in the cell wall which enabled the growth of a later-
al vegetative branch out through the base of the empty
sporangium (Figs 10G-H).

Observations of chloroplast movement
The lenticular chloroplasts of Derbesia tenuissima (2773-1)

generally had only one pyrenoid. Time-lapse video
microscopy revealed an interesting pattern of chloroplast
movement in the sporophytic filaments. The cytoplasm in
the tip of a filament contained chloroplasts, which oscillat-
ed backward and forward. A single chloroplast oscillated
in the same section of cytoplasm for over 9 hrs before it
moved out of field. The shortest distance it moved was 10
µm, whilst the longest was 67 µm. The speed varied
between 0.83 µm · sec–1, and 6 µm · sec–1 with a mean of
2.78 µm · sec–1. Chloroplast movement throughout the fila-

ment of Derbesia fitted the description of that in Bryopsis,
consisting of “simultaneous stops, reversals, gatherings
towards a common centre and subsequent dispersals” (Menzel
and Schliwa 1986a, b). When chloroplast movement was
recorded en masse it appeared to surge in waves along the
filament. Although time-lapse sequencing of chloroplast
movement in the gametophyte vesicles was not extensive,
a short recording suggested a pattern of chloroplast move-
ment similar to that in the sporophyte. This type of move-
ment would generate the unusual striations seen moving
through the cytoplasm of the gametophyte when recorded
at low magnification.

DISCUSSION

Time-lapse video microscopy of Derbesia has revealed a
wide range of dynamic wound responses, including cen-
tripetal contraction and protoplast formation. This tech-
nique also revealed striking rhythmic streaming in the
Derbesia cytoplasm, and chloroplast oscillations in the fila-
ment tips; phenomena that were not observed in the time-
lapse study of McNaughton and Goff (1990) on chloroplast
movement in Derbesia. Video microscopy also enabled us
to capture both gamete and spore release and the cellular
changes leading up to these reproductive events.

Wound healing by centripetal contraction
The remarkable ability of Derbesia to recuperate so rapid-

ly following traumatic injury was quite unexpected, and
there can be little doubt as to its importance for the long-
term survival of the species. The centripetal contraction of
the protoplast following puncture wounding was unex-
pectedly rapid (10 min) in Derbesia when compared with
the Siphonocladalean species Ventricaria ventricosa (J. Ag)
Olsen et West (Nawata et al. 1993) and Valonia utricularis
(Roth) C. Agardh (Satoh et al. 2000), where this same
response can take up to 60 min. This rapid response serves
to seal small wounds and maintain cellular integrity.

Caulerpalean cells exhibit cytoplasmic streaming driven
by the actin cytoskeleton (Menzel 1987; Menzel and Elsner-
Menzel 1989, Menzel and Schliwa 1986a, b). Although
actin is present in Siphonocladalean cells (Satoh et al. 2000),
they do not exhibit such cyclosis. It may be the inherent
motility of the Caulerpalean cytoskeleton when compared
to that of the Siphonocladalean that enables the more rapid
contraction responses in Derbesia. Dramatic alteration of
the cytoskeleton must occur to drive the cytoplasmic motil-
ity that results from wounding, for example the reorgani-
sation of the actin cytoskeleton at a wound’s edge in the
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Siphonocladalean genus Valonia as revealed by the striking
immunofluorescence images obtained by Satoh et al.
(2000). Similar experiments conducted on Derbesia gameto-
phyte cells would be worthwhile. Anti-cytoskeletal drugs
(cytochalasins to inhibit actin, oryzalin to inhibit micro-
tubules and/or BDM to inhibit myosin) could also be
utilised to determine which cytoskeletal systems are
involved in wound recovery.

Protoplast formation
The alternate wound response to centripetal contraction

is protoplast formation, which in Derbesia cells is employed
in response to more extensive disruption to the cytoplasm.
The formation of protoplasts is clearly an important mech-
anism for ensuring some, if not most, of the cytoplasm is
preserved so as to be able to generate viable new plants.
The effectiveness of protoplast formation (and thus
wounding itself) as a means of vegetative propagation is
clearly evident and is an important survival strategy.

Transformation of fractured cytoplasm into viable proto-
plasts in seawater is a remarkable phenomenon.
Immediately after extrusion, the cytoplasm is disrupted
into numerous fragments, which are no longer protected
by a cell wall. To prevent the inclusion of foreign bodies,
the forming protoplasts must possess some mechanism for
organelle recognition (Kim et al. 2002, 2006; Pak et al. 1991).
In some siphonous green species, lectin-carbohydrate com-
plementary systems could facilitate organelle recognition
and aggregation during protoplast formation. A lectin,
named ‘bryohealin’, which has an affinity for N-acetyl-D-
glucosamine and N-acetyl-D-galactosamine has been iso-
lated from the vacuolar sap of Bryopsis plumosa (Hudson)
Agardh (Kim et al. 2006). FITC-labelled lectins identified
carbohydrates with N-acetyl-D-glucosamine and N-acetyl-
D-galactosamine sugar moieties on the chloroplast mem-
branes (Kim et al. 2006). Similar carbohydrates have been
identified on chloroplasts of Microdictyon umbilicatum
(Velley) Zanardini (Kim et al. 2002), although a compatible
lectin has not yet been identified in this species. Fusion
events are common in the wound responses of Derbesia.
Fragmented segments of cytoplasm in both the sporophyte
and gametophyte are capable of fusing to re-form motile
cytoplasm and expanding protoplasts also fuse when they
meet. Recognition of self is important in these events and,
as has been proposed for the recognition and aggregation
of protoplast organelles, lectin-carbohydrate systems could
facilitate this recognition. Derbesia tenuissima, which readily
forms protoplasts, could be useful for further investiga-
tions into these recognition systems.

Time-lapse video microscopy revealed unexpected activ-
ity in protoplasts as they recovered after being extruded
into seawater. The contractions at the beginning of their
recovery appear indicative of the activity of an actin
cytoskeleton, but further studies using fluorescence
microscopy and inhibitive drugs are necessary to confirm
this possibility. The images of dynamic vesicles in the pri-
mary envelope constitute the first report of this that we are
aware of. These vesicles appear consistent with TEM
images of vesicles in the primary envelope of B. maxima
(Pak et al. 1991). Their origin, composition and role are
unknown; however they could be involved in exocytosis of
cell membrane or cell wall material.

Formation of a new cell wall is essential for the viability
of protoplasts. The cell wall of a Derbesia gametophyte is
composed mostly of xylan, with some cellulose (Hoek et al.
1995). Our experiments using Calcofluor White showed
the gradual deposition of cell wall material, beginning
around 3 hrs after wounding. Calcofluor White is not spe-
cific, and stains a range of polysaccharides, including β-D-
glucans, xyloglucan and substituted celluloses (Wood
1980), even chitin (Ruzin 1999) and some synthetic fibres
(Waaland R., 2003, personal communication). Therefore,
the basic composition of the developing protoplast cell
wall cannot be determined from this test alone.

Different morphologies displayed by the young Derbesia
protoplasts in this study (Figs 7G-H) are consistent with
earlier observations of Rietema (1973) which showed that
protoplasts derived from cytoplasm in the rhizoidal base
of a gametophyte cell developed an elongate shape, where-
as those derived from cytoplasm in the vesicular top
became spherical. This observation suggests that the differ-
ent shaped protoplasts in our study were derived from dif-
ferent regions of the original cell. We found that only the
spherical young protoplasts developed gametangia (Fig.
7G). If it is true that they derived from the vesicular cyto-
plasm, while the elongated ones came from the base, this
indicates a degree of cytoplasmic determination within
these single giant cells. The difference in behaviour
between Derbesia protoplasts formed internally and exter-
nally is also of interest. Whether the presence of the game-
tophyte cell wall creates a chemical or mechanical differ-
ence that induces the different responses is unknown.
Simple experiments could determine which of these two
possibilities is true.

With regard to protoplast formation the Caulerpalean
Derbesia gametophyte behaves quite differently to some
morphologically similar Siphonocladalean species, such as
Ventricaria ventricosa (Nawata et al. 1993; Shihira-Ishikawa
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1987) and Boergesenia forbesii (Harvey) J. Feldman. When a
Boergesenia or Ventricaria cell is cut open, the cytoplasm
slowly breaks apart to form numerous protoplasts.
However, when a Derbesia gametophyte is cut in half, the
hemispheres of cytoplasm remain intact while the broken
edge of the cytoplasm contracts centripetally like a draw-
string bag. This difference in immediate wound responses
does not appear to have a phylogenetic basis since the
Derbesia type of response does occur in some
Siphonocladalean species, such as Ernodesmis verticillata
(Kützing) Børgesen and Valoniopsis sp. (Martin E., 2003,
unpublished data). However, the difference in the
response of D. tenuissima and Ventricaria ventricosa may be
a manifestation of the underlying differences in cytoplas-
mic structure between the two (McNaughton and Goff
1990; Shihira-Ishikawa 1992; Wheeler and Page 1974).
Another key difference in cellular behaviour between these
two morphologically similar species is the asexual repro-
duction via ‘segregative cell division’, exhibited by
Ventricaria, and lacking in Derbesia. During segregative cell
division, common in most Siphonocladalean species, the
cytoplasm of intact cells fragments to form protoplasts in
the course of normal development (i.e. not the result of
wounding) (Bøergesen 1913, Enomoto and Okuda 1981,
Fritsch 1945, Okuda et al. 1997), resulting in the distinct
reticulation, also characteristic of the Ventricaria wound
response. The resulting spherical protoplasts later develop
into new vegetative plants. Species that undergo this seg-
regative cell division (i.e. Ventricaria) usually exhibit proto-
plast formation as their main response to being cut open.
However, in Derbesia and Bryopsis, both species that lack
segregative cell division, protoplasts are readily formed
only when the cytoplasm is mechanically broken up and
exposed to seawater. Segregative cell division may have
evolved from a wound healing adaptation (Graham and
Wilcox 2000). A relationship between life cycle processes
and wound healing is supported also by the time-lapse
observations of sporangial development, displaying vio-
lent cleaving and re-fusion of the cytoplasm that is so simi-
lar to the responses of protoplasts in crushed Derbesia cells.

Plug formation
No visible plug is extruded from the wound upon dam-

aging the Derbesia gametophyte, although other
Caulerpalean species such as Caulerpa spp. and Bryopsis
spp. extrude a conspicuous, gelatinous wound plug imme-
diately on wounding (Burr and West 1971; Dreher et al.
1978; Dreher et al. 1982). However, plug material can be
found in Derbesia at the base of the sporangia, in the

gametangial release pore and as a result of mechanical
injury to the sporophyte filaments (Menzel, 1979, 1980; Lee
et al. 2003). In the sporangial septation sequences we
obtained, a dense layer of highly refractive material with
similar optical qualities to the primary envelope of the pro-
toplast appears briefly between the plug and the filament.
The two part septation process we observed in the forma-
tion of two plug layers at the sporangial base is like that
seen by Menzel (1980). We also observed wound plug-sep-
tations commonly in the wound repair of sporophyte fila-
ments and these are similar to those observed by Menzel
(1980) in D. tenuissima. This material, like the primary
envelope, may be involved in either repair of the damaged
cell membrane, or synthesis of new cell wall at the plug
site. Pak et al. (1991) noted that the primary envelope of
Bryopsis protoplasts looked similar to the extruded wound
plugs when viewed by TEM.

Life history observations
Although this project was not intended to be a compre-

hensive study of the life history of D. tenuissima, we were
able to make some other observations when growing the
cells for the wound response experiments. The rhythmic
synchronicity of the gametangium formation, the ability
for the female gametes to develop parthenogenetically and
the higher incidence of female gametophytes to male con-
curs with earlier observations of the D. tenuissima strain
from the Mediterranean (Page and Kingsbury 1968; Page
and Sweeney 1968; Ziegler and Kingsbury 1964). With a
ratio of 30:1, the Philippines strain used in this study had
an even higher incidence of female gametophytes to male
than the two females to one male ratio found in the
Mediterranean strain used by Ziegler and Kingsbury
(1964). Despite the above similarities, a key difference
observed in the Philippines strain (2773-1) is that under
these culture conditions many gametes were released from
the gametangia prior to the onset of the light period. This
may negate the hypothesis proposed by Wheeler and Page
(1974), that the release pore was broken down by light acti-
vated enzymes to the point where the internal turgor pres-
sure burst the pore open, causing release.

The life histories of this Philippine strain, the strain used
by Lee et al. (1998, 2000, 2001, 2002) and the strains used by
Eckhadt et al. (1986) and Schnetter and Eckhardt (2000), are
different. Lee’s strain produces both male and female
gametes, while the female gametes have very low frequen-
cy of parthenogenesis in which haploid sporophytes arise
(Lee et al. 1998, 2000). The Colombia strain of Schnetter
reproduces parthenogenetically and does not produce
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male gametophytes, the Yugoslavian isolate reproduces
sexually and has both male and female gametophytes. The
isolates used in our current study add more information
about the matter but do not resolve which is the most ‘typi-
cal’ life history for D. tenuissima. It is quite likely that life
histories, genetics, physiological processes and many other
aspects of reproductive biology vary among the many
populations of D. tenuissima occurring around the world. It
is also likely that molecular investigations will reveal many
cryptic species within a D. tenuissima complex.

Conclusion
The dynamic events captured by video microscopy are

valuable in showing the range and complexity of behav-
iour associated with D. tenuissima wound responses. These
responses hint at the involvement of cytoskeletal compo-
nents such as actin, and suggest further avenues for
research. Data from immunofluorescence microscopy,
TEM and histochemical analysis should allow a better
understanding of these responses, and the time-lapse
sequences obtained allow for more specific interpretation
of these data.
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INTRODUCTION

In many temperate and tropic fresh waters, a few
cyanobacterial genera, including Microcystis, Anabaena,
Oscillatoria, Aphanizomenon, Phormidium, often dominate
and induce water blooms resulting in detrimental
changes in the water quality in addition to acquiring
some undesirable impacts to water utilization, such as,
clogging the sand filters, production of distinctive taste
and odor compounds, and health hazard problems
(Wicks and Thiel 1990; Carmichael and Saffermann 1992;
Park et al. 2000). Therefore there has been a high demand
for bloom-forming cyanobacterial strains by both the
academic and industrial worlds. However, unlike the
culture collection of bacteria, fungi, organisms which
have been actively studied for a long time, the isolation,
cultivation, and preservation of bloom-forming
cyanobacteria are technically much more complex. 

Various methods have been used to preserve algae,
including serial transfer, freeze-drying, and cryopreser-
vation (Andersen 1996; Day et al. 1997). However by far,
the most widely used method for maintenance of algal
strains, especially bloom-forming cyanobacteria is by ser-
ial transfer (Hosaka 1994; Andersen 1996). Serial transfer
of cyanobacterial strains requires no expensive equip-

ment and is generally very satisfactory for the mainte-
nance of a small number of noncritical cultures. But it is a
labor-intensive, time-consuming process with a possibili-
ty of contamination and genetic drift (Apt and Behrens
1999). Cryopreservation is a process that involves freez-
ing and storage of cells at a very low temperature. It is
generally regarded as the single best method for the
long-term preservation of organisms and their properties
(Heckly 1978; Ashwood-Smith and Farrant 1980;
Andersen 1996; Apt and Behrens 1999; Gorman and
Adley 2004). Although some degrees of success with cry-
opreservation techniques have been reported with sever-
al different algal groups including green algae, red algae,
euglenophytes, diatoms, and cyanobacteria (Morris 1978;
Simione and Brown 1991; Watanabe et al. 1992; Hosaka
1994; Canavate and Lubian 1997; Day et al. 1997), many
strains are apparently freeze-recalcitrant (Day et al. 1998). 

In this study, long-term preservation of bloom-form-
ing cyanobacteria was evaluated using cryopreservation
and freeze-drying of nine strains belonging to four gen-
era and seven species.

MATERIALS AND METHODS

Cyanobacterial strains
Nine strains of bloom-forming cyanobacteria belong-

ing to four genera and seven species were used for the
long-term preservation (Table 1). These strains had been
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isolated from the Korean lakes and rivers. All strains
have been maintained at the NIER (National Institute of
Environmental Research of Korea) Culture Collection by
serial transfer after isolation and in uni-algal states.
Among six strains of Microcystis genus, five strains
(Microcystis aeruginosa NIER-10010, Microcystis viridis
NIER-10020, Microcystis ichthyoblabe NIER-10021, M.
ichthyoblabe NIER-10023, Microcystis novacekii NIER-
10029) form distinctive colonies in liquid media.

Sample preparation for cryopreservation
Cyanobacterial strains were cultured in 200 ml CB liq-

uid media (Watanabe and Nozaki 1994) at 23°C, 2000
lux, 16hrs. light/8 hrs. dark condition, harvested in the
late logarithmic phase of growth, and then concentrated
to 103-104 cells/ml by settling. 

To evaluate the effect of the cryoprotectant, samples
were prepared in two conditions, with or without cry-
oprotectant. Dimethyl sulfoxide (DMSO) was used as a
cryoprotectant in this study. DMSO was added at 5%
concentration level. Filamentous cyanobacterial strains
(Anabaena macrospora NIER-10016, Oscillatoria sancta
NIER-10027, Aphanizomenon flos-aquae NIER-10028) were
cryopreserved only without cryoprotectant.

Each milliliter of concentrated cell suspension was
transferred into each of 1.8 milliliter cryogenic tube
(Nunc cryotubes), placed into the bottom of mechanical
freezer (Revco Ultima II ULT 2186 9D) set at -60°C direct-
ly, and stored until the recovery test was carried out.
One milliliter of the untreated cell suspension was imme-
diately inoculated into a new CB medium to confirm the
viability of pre-cultures as a control.

Sample preparation for freeze-drying
One milliliter of concentrated cell suspension was

transferred into 2 milliliter glass ampules and placed into
the -60°C mechanical freezer. Frozen suspension was

immediately transferred to the freeze-dryer (Labconco
Freezone 77590) and at the end of the drying process,
glass ampules were sealed with a double-flame air/gas
torch and preserved in the -60°C mechanical freezer. 

Recovery test
Five tubes or ampules of each strain were revived

immediately after freezing and freeze-drying to examine
the post-thaw viability after each treatment. The rest of
the frozen and freeze-dried samples were revived every
month for more than two years. Five tubes or ampules of
each strain were revived at each term. Frozen samples
were thawed rapidly by placing the tubes in a water bath
set at 40°C (Watanabe et al. 1984) until the ice had melt-
ed. The thawed suspension was then transferred directly
into the test tube containing 10 milliliter of fresh CB liq-
uid media and cultured under the same condition of pre-
culture. For the freeze-dried sample, an aliquot of fresh
CB liquid media was added into the ampule and a rehy-
drated pellet was transferred into the tube containing
fresh medium. The growth state of each tube had been
observed everyday after inoculation for more than one
month. Viability of frozen or freeze-dried sample was
evaluated as follows: “+” if it showed full growth after
inoculation as seen in the control culture, and “±“ if it
revived but did not reach its full growth compared with
the control culture, and “–” if it did not show any signs
of growth for a month or longer.

RESULTS

The viability and the lag phase periods of test strains
just after freezing and freeze-drying treatment are shown
in Table 2. Among the test strains, only Aph. flos-aquae
NIER-10028 did not revive after freezing and freeze-dry-
ing treatment while the rests of strains revived partially
or completely. Most of the strains showed a higher post-
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Table 1. List of test cyanobacterial strains

Scientific name Collection date State in liquid medium

Microcystis aeruginosa NIER-10010 Jun. 1993 Colony form
Microcystis aeruginosa NIER-10024 Sep. 1996 Suspended form
Microcystis ichthyoblabe NIER-10021 Sep. 1996. Colony form
Microcystis ichthyoblabe NIER-10023 Sep. 1996 Colony form
Microcystis viridis NIER-10020 Sep. 1996 Colony form
Microcystis novacekii NIER-10029 Sep. 1995 Colony form
Anabaena macrospora NIER-10016 Sep. 1995 Straight trichome
Oscillatoria sancta NIER-10027 Oct. 1996 Straight trichome
Aphanizomenon flos-aquae NIER-10028 Oct. 1996 Trichomes in bundle form



thaw viability after freezing compared to freeze-drying.  
All strains which were frozen without cryoprotectant

showed a higher post-thaw viability compared to freez-

ing with cryoprotectant. All samples of M. ichthyoblabe
NIER-10021, M. aeruginosa NIER-10024 and M. novacekii
NIER-10029 showed full growth when compared with
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Table 2. The post-thaw viability and the period of lag phase of test strains just after freeze-drying and freezing treatment (NT: not
tested, +: full growth after inoculation as seen in the control culture, ±: revived but did not reach its full growth compared with
the control culture, – (recovery): no sign of growth for a month or longer)

NIER No.
Freeze-drying Cryopreservation (without DMSO) Cryopreservation (with DMSO)

Viability (%) Lag phase (day) Viability (%) Lag phase (day) Viability (%) Lag phase (day)

10010 +++±±(80) 19-24 +++++(100) 15-21 +++±±(80) 20-22
10024 ––––– (0) - +++++(100) 17-22 +++++(100) 13-15
10021 ±±––– (20) 19-29 +++++(100) 8-15 +++++(100) 13-22
10023 +–––– (20) 30 +++++(100) 11-14 ++++–(80) 13-18
10020 ––––– (0) - +++++(100) 5-7 ++++±(90) 19-25
10029 ––––– (0) - +++++(100) 5-7 +++++(100) 17-19
10016 ––––– (0) - +++±±(80) 17-25 NT NT
10027 +++–– (60) 19-22 +++++(100) 4-6 NT NT
10028 ––––– - ––––– - NT NT

Table 3. The post-thaw viability of test strains according to the preservation time for one year preservation (NT: not tested, FD:
freeze-drying, C (-) : cryopreservation with DMSO, C (+): Cryopreservation without DMSO, +: full growth after inoculation as
seen in the control culture, ±: revived but did not reach its full growth compared with the control culture, –: no sign of growth
for a month or longer)

Strain Month
Viability (% recovery)

1 3 5 7 9 12

NIER- FD +±±±–(50) +++±±(80) +±±±±(60) ++±––(50) +++±–(70) ++++±(90)
10010 C(-D) +++±±(80) +++±±(80) +++++(100) ++++±(90) +++++(100) ++++±(90)

C(+D) +±±±±(60) +±±±±(60) ±±±±–(40) ±±±±±(50) ±±±±±(50) ++±±–(60)

NIER- FD NT +–––– (20) ++––– (40) NT ––––– (0) +±±––(40)
10020 C(-D) +++++(100) +++++(100) +++++(100) ++++–(80) +++++(100) +++++(100)

C(+D) ++±±–(60) ±±–––(20) –––––(0) ––––– (0) ––––– (0) ––––– (0)

NIER- FD ++++–(80) ++––– (40) ++––– (40) +++++(100) +++++(100) NT
10021 C(-D) +++++(100) +++++(100) NT ++++–(80) +++++(100) +++++(100)

C(+D) +++++ +++–– (60) NT +++++(100) +++++(100) +++++(100)

NIER- FD ––––– (0) ––––– (0) ––––– (0) ++––– (40) ––––– (0) ––––– (0)
10023 C(-D) +++++(100) +++++(100) +++++(100) +++++(100) +++++(100) +++++(100)

C(+D) +++++(100) ++++–(80) +++–– (60) ++±±–(60) +–––– (20) +–––– (20)

NIER- FD ––––– (0) ––––– (0) ––––– (0) ––––– (0) ––––– (0) ––––– (0)
10024 C(-D) ++++±(90) ++++–(80) +++++(100) NT ++++–(80) +++±–(70)

C(+D) +++++(100) ++±±±(70) ++++±(90) NT ++++–(80) +++++(100)

NIER- FD ––––– (0) ––––– (0) ––––– (0) ––––– (0) ––––– (0) NT
10029 C(-D) +++++(100) +++++(100) +++++(100) +++++(100) ++++–(80) +++++(100)

C(+D) +++++(100) +++––(60) +++++(100) ++++±(90) +±±±–(50) +±±±–(50)

NIER- FD ––––– (0) ––––– (0) ––––– (0) ––––– (0) ––––– (0) ––––– (0)
10016 C ++++– +++++(100) +++–– (60) ++++±(90) ++±–– (50) +++±–(70)

NIER- FD +++++(100) +++++(100) +++––(60 +++++(100) +++++(100) ++––– (40)
10027 C +++++(100) +++++(100) +++++(100) +++++(100) +++++(100) +++++(100)

NIER- FD ––––– (0) ––––– (0) ––––– (0) ––––– (0) ––––– (0) ––––– (0)
10028 C ––––– (0) ––––– (0) ––––– (0) ––––– (0) ––––– (0) ––––– (0)



controls which were cultured by serial transfer, regard-
less of addition of cryoprotectant. Whereas samples
which cryopreserved with cryoprotectant needed a
longer lag phase.

There were significant differences in the period of lag
phase, known as the period of growth initiation, after
inoculation depending on the preservation methods. By
the serial transfer, all the test strains started to grow
without a lag phase and showed a maximum growth
within 10 days. However, as shown in Table 2, most of
frozen or freeze-dried samples started to grow after 4 to
30 days of the lag phase. This result implies that strains
need a lag phase to recover from cell damages by the
preservation process. In addition, the strain which
showed the shorter lag phase, showed the higher post-
thaw viability, implying that the extent of cell damage
could affect the length of the lag phase period.

The viability level after one-year preservation is shown
in Table 3. The post-thaw viability varied depending on
the preservation methods and strains. M. aeruginosa
NIER-10010, M. viridis NIER-10020, M. ichthyoblabe NIER-
10021, M. ichthyoblabe NIER-10023, M. novacekii NIER-
10029, A. macrospora NIER-10016, Oscil. sancta NIER-
10027 revived completely after one year of cryopreserva-
tion without cryoprotectant. Only M. aeruginosa NIER-
10010 revived after one year of freeze-drying. There were
no significant differences in the viability level depending
on the preservation period.

There was a gradual decline in the viability depending
on the cryopreservation period in several strains which
were cryopreserved with cryoprotectant. M. ichthyoblabe
NIER-10023, which was cryopreserved with cryoprotec-
tant, revived completely after two months, but viability
level started to decline after three months and finally
only 20% of viability was shown after one year preserva-
tion.  

Several strains were revived after 2.5-year of long-term
cryopreservation (Table 4). M. viridis NIER-10020, M.
ichthyoblabe NIER-10023, M. novacekii NIER-10029, Oscil.
sancta NIER-10026, which were cryopreserved without
cryoprotectant, revived completely.

The change of microscopic morphology was observed
during the recovery process. When the cryopreserved M.
aeruginosa NIER-10010 forming firm colonies were inocu-
lated into the culture media after thawing, green colonies
were observed with the naked eye in the water surface
but distinct cell shape was not observed microscopically
just after the inoculation (Fig. 1A). Green colonies
changed into white colonies after a few days of culture

and precipitated on the bottom of the test tube during
the lag phase (Fig. 1, B). New green spots were revealed
within white colonies as culturing days went by (Fig. 1,
C) and finally small cell clusters changed to large new
colonies (Fig. 1, D). This result implies that post-thaw
viability might be the result of the growth of several sur-
viving cells among dead cells at the inoculation time and
not by the viability of all cells during the long lag phase.

DISCUSSIONS

From the results, bloom-forming cyanobacterial strains
seemed to be more sensitive to freeze-drying than cryop-
reservation. Freeze-drying is generally considered a bet-
ter technique than serial transfer, and the equipment
required is minimal. But freeze-drying is unreliable,
often giving survival rates of less than 5% (McGrath et al.
1978). It was reported that in general, akinete and hetero-
cyst showed a higher level of viability from a long-term
preservation than the vegetative cells (Watanabe et al.
1984). However, the present study showed different
results, that is, Oscillatoria sp. and Microcystis spp. which
exist only as vegetative cells showed higher post-thaw
viability than Aph. flos-aquae NIER-10028 and A.
macrospora NIER-10016 which have akinetes within tri-
chomes, particularly following freeze-drying. 

Several parameters are generally considered very
important in cryopreservation, including the choice of
the cryoprotectant, cryoprotectant concentration, freez-
ing rate, physiological status of the culture and thawing
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Table 4. The post-thaw viability of test strains after 2.5-year cry-
opreservation (NT: not tested, +: full growth after inocu-
lation as seen in the control culture, ±: revived but did
not reach its full growth compared with the control cul-
ture, –: no sign of growth for a month or longer)

Scientific name Condition viability
(% recovery)

Microcystis aeruginosa with DMSO +++±–±(70)
NIER-10010

Microycstis viridis without DMSO +++++±(100)
NIER-10020

Microcystis ichthyoblabe with DMSO –––––±( 0 )
NIER-10023 without DMSO +++++±(100)

Microcystis aeruginosa with DMSO +––––±(20)
NIER-10024 without DMSO ++–––±(40)

Microcystis novacekii without DMSO +++++±(100)
NIER-10029

Oscillatoria sancta without DMSO +++++±(100)
NIER-10027



procedure (Apt and Behrens 1999). Freezing a suspen-
sion of living cells resulted in several events that can be
detrimental to the viability of these cells (Mazur 1977). A
primary mode of lethal cell injury is the formation of
intracellular ice (Day et al. 1998). Chemical compounds
called cryoprotectant are added to the suspension of cells
to help minimize the damage experienced during freez-
ing. A wide variety of cryoprotectants have been tried,
including DMSO, glycerol, methanol, polyvinylpyrroli-
done, proline, propylene glycol, ethylene glycol, sorbitol,
glucose, sucrose, dextran and betaine (Canavate and
Lubian 1995; Andersen 1996; Kono et al. 1997). Glycerol,
DMSO and methanol are the most widely used cryopro-
tectants and each has been shown to give good success
rates (Beaty and Parker 1990; Canavate and Lubian
1995).

Skim milk, bovine serum albumin(BSA), and glycerol,
which are often used as cryoprotectant for bacterial
preservation, are not effective for cyanobacteria.

Likewise, DMSO was known as the most effective cry-
oprotectant for algae (Simione and Brown 1991).
However DMSO did not act so much as a cryoprotectant
but as an inhibitor in this study. Watanabe et al. (1984)
reported that a cryoprotectant was effective on improv-
ing the viability of coccoidal cyanobacteria. But then it
was found to be ineffective at all and even inhibited the
growth of filamentous cyanobacteria. But the cryoprotec-
tant was not effective on the cryopreservation of coc-
coidal cyanobacteria, Microcystis strains in this study.
Cryoprotectant toxicity may be one factor that is respon-
sible for the cell damage on freezing and thawing, as the
cells remain exposed to cryoprotectant during much of
the freezing and thawing processes (Day et al. 1998).

To examine the changes of cell characteristics by cry-
opreservation, the patterns of the growth in liquid media
after preservation treatment (i.e. buoyancy of cells and
the colony shape), which are major classification keys of
Microcystis species, were compared with control cultures.
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A B

C D

Fig. 1. Microphotographs of Microcystis aeruginosa NIER-10010 during the post-thaw revival process after cryopreservation; (A) green
colonies at inoculation time, (B) white colonies during the lag phase (arrows point to the revived cells), (C) revived cells within
white colonies, (D) mature new colonies.



During the latter stage of culture, the revived strains
exhibited the same shapes of colonies and the same pat-
terns of the growth in liquid media as seen in control cul-
tures, suggesting little effects of cryopreservation on
colony characteristics. 

In order to minimize cold shock, controlled cooling
rate in which 1°C per minute from room temperature to
-40°C, then plunging into liquid nitrogen is generally
preferred (Tsuru 1973; Canavate and Lubian 1995; Day et
al. 1997). However, in this study, all the test strains,
except Aph. flos-aquae NIER-10028, after being frozen
using a rapid uncontrolled cooling method by a mechan-
ical freezer set at -60°C, yielded for sufficiently successful
levels of post-thaw viability. There were no significant
differences in the level of post-thaw viability depending
on the period of preservation. Complete viability was
shown after 2.5 years of cryopreservation without cry-
oprotectant in most strains.

Many laboratories have isolated the cyanobacterial
strains for the related studies and lost most of them after
the studies were finished because of several factors like
lack of proper preservation method, manpower and
equipments such as a controlled cooling apparatus and
liquid nitrogen chamber. This has resulted to a wasted
effort of isolation and loss of research materials.

In this study, the typical bloom-forming cyanobacteria,
Microcystis, Anabaena, Oscillatoria strains, which have
been known to be difficult to apply with the long-term
preservation, exhibited high post-thaw viability after
more than two years cryopreservation. This result sug-
gests that cryopreservation may be an easy and timesav-
ing long-term preservation method for bloom-forming
cyanobacteria not only in the algal culture collections but
also in common laboratories.
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서 론

Spirulina(Arthrospira)는 사상형의 단세포성 남세균

(cyanobacteria, blue-green algae)으로 아프리카, 아시아, 남

아메리카, 유럽 등에 분포하며(Fox 1996), 열 , 아열 지역

의 알칼리성 환경에서 잘 증식하는 특징을 갖고 있다

(Castenholz 1989). Spirulina는 60-70%의 단백질, 풍부한 비

타민(vitamin B12, β-carotene)을 함유하고, 불포화지방산인

GLA(gamma-linolenic acid)를 다량 함유하여 혈액순환 및 면

역강화제로서 유용하며(Walach et al. 1987), 피코시아닌

(phycocyanin), 마이소크산토필(myxoxanthophyl), 제아산

틴(zeaxanthin) 등의 색소는 항산화물질, 식품첨가물 등으로

이용되고 있다. 최근에는 애완동물용 및 수산양식용 사료의

첨가제, 건강보조식품 등 다양한 분야에서 이용되고 있으며,

세포벽은 셀룰로스(cellulose)가 없으므로 산업적으로도 매우

유용한 것으로 알려지고 있다(Kay 1991; Vonshak 1997;

Vonshak and Tomaselli 2000). 

Spirulina의 상업적 량생산은 1970년 말부터 본격적으

로 이루어지기 시작하 다. 멕시코의 Sosa Texcoco Co.에서

최초의 옥외 량배양이 시작되었고(Durand-Chastel 1980;

Ciferri 1983), 그로부터 멕시코(Spirulina Mexicana SA), 태국

(Siam Algae Co., Ltd.), 일본(Nippon Spirulina Co., Ltd.), 이

스라엘(Koor Foods Co., Ltd.), 미국(Earthrise Farms,

Cyanotech Corporation), 만(Nan Pao Resins Chemical Co.,

Ltd., Blue Continent Co., Ltd., Far East Microalgae Co., Ltd.,

Tung Hai Chlorella Co., Ltd.), 인도(Parry Agro Industries

Ltd.), 중국(Yunnan Spirin Co., Ltd., Hainan DIC Microalgae
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Spirulina platensis의 옥외배양 최적화 및 오염생물 구제
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Optimization of Outdoor Cultivation of Spirulina platensis and Control of
Contaminant Organisms
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Outdoor cultivation of cyanobacterium Spirulina platensis was carried out for 40 days in a batch mode. A half
concentration of the SOT based on the underground water was used as culture medium. Working volume was 5.7
tons with 0.2 m depth. During cultivation, mean water temperature, DO and light intensity were all in proper
conditions for the S. platensis growth. The adjustment of pH to over 10 with Na2CO3 and addition of the 1.5%
natural salt were very effective to delete contaminant organisms, Chlamydomonas moewusii and Chlorella minutissima
occurred one after the other in the culture. The mean productivity of the biomass based on the dry cell weight from
14 to 25 days, after the contaminants were deleted, was 7.8 g · m–2 · d–1, which was relatively high productivity in
that a half concentration of the SOT was used for the culture. Underground water used in the culture minimized
contaminants invasion and addition of the 1.5% natural salt was effective to delete contaminants as well as acted as
mineral supplement in outdoor cultivation of S. platensis. Harvesting using the floating activity of S. platensis was
effective from mass floating in day time after overnight without agitation and illumination. 
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Co., Ltd.) 등 여러 지역에서 성공적인 량생산이 이루어지

면서 현재는 년간 3,000 tons을 상회하고 있다(Shimamatsu

2004). Spirulina의 옥외 량배양은 본 조류가 bicarbonate 또

는 carbonate가 풍부한 알칼리성의 수환경과 높은 수온(30-

35°C) 조건에서 잘 증식하므로 주로 열 나 아열 지역에서

이루어져왔다(Busson 1971). 옥외 량배양을 위한 시설은

원형(circular)이나 수로식 못(raceway pond)이 전통적으로

이용되어 왔고, 미국의 Earthrise Farms에서는 15개의 독립된

수로식 못(15,000 m3)을 시설하고 하천수를 이용하여 성공

적인 량배양을 수행하고 있다(Vonshak 1997). 국내에서는

실내 배양기를 이용하여 배양조건에 따른 Spirulina의 증식

및 지방산 조성 등의 연구가 보고된 바 있으나(Joo et al. 1998,

2000) 옥외 량배양에 한 보고는 전무한 실정이다. 

따라서 본 연구에서는 규모의 옥외 량배양조를 시설

하고 이를 이용한 Spirulina의 량배양을 통하여 환경 조건

을 모니터링하 고, 오염생물의 제거, 생산성, 수확 및 옥외

량배양의 최적 조건에 관한 연구를 수행하 다. 특히, 본

연구는 지하수를 배양에 사용하여 외부로부터 유입되는 오

염생물을 최소화하고 풍부한 함량의 미네랄 성분을 활용하

여 생산성의 향상을 이루고자 하 다. 

재료와 방법

옥외 량배양조

옥외 배양은 비닐하우스 시설 내부에 투명 아크릴을 이용

하여 길이 10 m, 폭 3 m, 높이 0.4 m(최 10 tons)의 수로

식(raceway type)으로 제작하여 설치하 다(충남 공주시 장

기면 제천리 소재). 량 배양조의 한쪽 끝에 급수 시설을

하여 배양수의 공급을 용이하게 하 다. 량 배양조의 내부

에는 길이 7 m, 폭 0.3 m, 높이 0.4 m(최 0.8 tons)의 수로

식 배양조를 시설하여 접종물 배양을 위한 배양조로 이용하

다. 배양수의 순환(circulation)을 위하여 량 배양조의 한

쪽 수로에 수차(paddle wheel)를 설치하 고 반 쪽 수로에

는 광합성 효율을 증가시키기 위하여 원통형 air stone(L 80

mm, Φ 30 mm)을 5열로 4개씩 설치하여 폭기하 다.

사용 균주

본 연구에 사용한 Spirulina platensis NIES 46(이하 Spirulina)

균주는 일본 국립환경연구소로부터 분양받았다. 본 균주는

실험실 실온(25-30°C)에서 증류수에SOT 배지 조성(Table 1)

(Zarouk 1966)으로 하여 계 배양하 고, 이를 200-L 광생물

반응기로 량배양하여 옥외 배양을 위한 접종물(seed)로 사

용하 다.

전배양(preculture)

실내 배양된 Spirulina는 옥외 배양조 내부의 접종물 배양

조에서 15일간 전배양하 다. 배지는 지하수를 SOT 배지 조

성(Zarouk 1966)으로 하여 0.6 tons 규모로 배양하 다. 배양

조건은 air stone에 의한 폭기 외에는 자연 조건으로 하 다.

배양된 Spirulina는 접종물 배양조의 밑부분에 지하수를 공급

하면서 반 편 상부로부터 배양된 조체가 량 배양조로 유

입되도록 하 다. 

수질 및 생물량(biomass) 측정

배양수의 수온, pH, 용존산소는 YSI meters(630/100 and

95/100 FT, YSI Inc., Yellow Spring, OH)를, 광도는 조도계

(LI-100 DataLogger, LI-Cor, Inc.)를 이용하여 매일 오후 1시

에 동일한 장소에서 측정하 다. 배양 조체의 생물량

(biomass)은 GF/C(Whatman) 여과지를 이용하여 20 ml의

배양수를 여과하고 40 ml의 증류수로 남아있는 염을 녹인 후

103-105°C에서 1시간 동안 건조하여 무게를 측정하 다

(g ·L–1). 생산성(productivity, g·m–2·d–1)은 조체의 생물량

을 면적(area, m2)으로 환산하여 계산하 다.

오염생물의 동정

배양 과정 동안 발생한 오염생물을 동정하기 위하여 18S

rDNA의 염기서열 분석을 수행하 다. 현장에 출현한 오염

생물은 SOT 고체배지에 도말하여 순수 분리하 다. 순수 분

리된 균주로부터 G-spinTM IIpFor plant Genomic DNA

Extraction Kit(Intron Biotech., Korea)를 사용하여 genomic

DNA를 분리∙정제하 다. 18S rDNA의 증폭을 위한 primer

는 SR-6(Volvox carteri, 891-910: GTC AGA GGT GAA ATT
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Table 1. Recipe of SOT medium (Zarouk 1966)

Substance Content (mg · 100 ml–1)

NaHCO3 1,680
K2HPO4 50
NaNO3 250
K2SO4 100
NaCl 100
MgSO4∙7H2O 20
CaCl2∙2H2O 4
FeSO4∙7H2O 1
Na2EDTA 8
A5 solution 0.1 ml

A5 solution (100 ml–1)
H3BO3 286
MnSO4∙7H2O 250 
ZnSO4∙7H2O 22.2
CuSO4∙5H2O 7.9
Na2MoO4∙2H2O 2.1



CTT GG)와 SR-9(Volvox carteri, 1286-1267: AAC TAA GAA

CGG CAT GCA C)을 사용하 다(Nakayama et al. 1996). 18S

rDNA 증폭은 Thermal cycler(GeneAmp PCR system 2700,

Perkin Elmer, USA)를 사용하여 수행하 다. PCR 반응조건

은 전 변성 과정으로 94°C에서 4분간 수행하 고, 94°C에서

30초, 55°C에서 30초, 72°C에서 45초씩 30회 반복하고 마지

막에는 72°C에서 7분간 최종 반응시켰다. PCR 산물은

agarose gel로 전기 동(elctrophoresis)하고, Gel extraction

kit(Intron, Korea)를 이용하여 정제한 후, 3730XL Capillary

DNA Sequencer (ABI, U.S.A.)를 이용하여 증폭된 염기의 서

열을 확정하 다. 확정된 염기서열은 BLAST search를 이용

하여 GenBank와 EMBL database에서 가장 유사한 18S

rDNA 염기서열을 갖는 종을 선택하 다. 

배양과 수확

배양은 지하수에 1/2 SOT 배지 조성(Zarouk 1966)으로 하

여 5.7 tons(수심 0.2 m)의 규모로 2005년 6월 23일부터 40일

간 배양하 다. 배양된 접종물은 본 배양수의 략 1/10의

수량으로 하 다. 수차는 0.5 m·s–1의 속도로 10분 간격을

두고 3시간씩 가동하 고, 폭기는 연속 가동하 다. 증발에

의한 배양수의 감소는 지하수로 보충하 다. 수차와 air

stone을 이용한 폭기 이외에는 자연 조건하에서 배양하 다.

배양수는 매일 실험실에서 현미경으로 관찰하여 오염생물의

출현 및 조체의 상태를 확인하 다. 배양된 조체는 하루 밤

동안 수차의 가동을 중지시켜서 S. platensis의 부상하는 특징

을 이용하여 수확하 다. 표층으로 부상된 조체의 덩어리를

수집하여 플랑크톤 네트(20 µm, Ø)로 농축한 후 진공 동결

건조하 다. 

결과와 고찰

수온, 광도, pH, 용존산소

배양 기간 동안의 수온은 23.6°C에서 34.2°C의 범위로 측

정되지 않은 날을 제외한 평균 수온은 30.4°C로 높게 나타났

다(Fig. 1). 이는 비닐하우스 시설 내부에서 배양하여 기온에

비하여 10°C 정도 높게 나타난 결과 다. S. platensis의 최적

증식 수온의 범위가 30-38°C 범위로 알려져 있으므로

(Vonshak 1997) 배양 기간 동안의 수온은 S. platensis의 최적

증식 온도 범위로 나타났다. 비닐하우스 시설을 이용할 경우

10°C 이상의 평년기온을 보이는 5월부터 10월까지는 특별한

가온 시설 없이 S. platensis의 옥외 배양이 가능할 것으로 판

단된다. 광도의 경우, 116 µmol·photons·m–2·s–1(배양 18일

째)에서 2,340 µmol·photons·m–2·s–1(배양 19일째)의 범위

로 평균 1,282 µmol·photons·m–2·s–1 다(Fig. 1). Vonshak

and Guy(1992)는 광저해에 의한 광합성 활성의 감소로 옥외

량배양의 생산성은 감소함을 보 고, Vonshak et al.(1996)

은 Spirulina 3균주를 상으로 산소 발생률을 이용하여 광저

해의 정도를 조사한 결과, 1,500 µmol·photons·m–2·s–1에서

는 20-21%, 2,000 µmol ·photons ·m–2· s–1에서는 39-44%,

3,500 µmol·photons ·m–2·s–1에서는 50% 이상의 광저해를

보고하 다. 높은 광도로부터의 광저해는 적절한 광도로 조

정되면서 회복되므로(Ohad et al. 1984; Samuelsson et al.

1987; Vonshak and Richmond 1988; Vonshak et al. 1988), 본

량 배양에서 두드러진 광저해는 발생하지 않았을 것으로

판단된다. 본 량 배양에서는 광도가 1,500 µmol·photons·

m–2·s–1을 넘었을 경우에는 유속을 1.0 m·s–1로 증가시켜 세

포가 높은 광에 연속적으로 노출되는 시간을 줄이고자 하

다. 그러나 높은 일사량이 지속될 경우에는 급격한 수온의

상승과 38°C 이상의 수온 조건은 생산성의 저해요인으로 작

용하므로 비닐하우스 시설 내에 환풍시설을 통하여 지나친

수온의 상승을 방지하여야 한다. 

Fig. 2에서와 같이 pH는 배양 초기에는 8.9 으나 오염생

물의 혼입 및 증식을 방지하고자 탄산나트륨을 첨가하여 점

차 증가시켜서 10 이상으로 조정하 다(배양 21일째). 그 이

후에는 pH는 큰 변동없이 10.1에서 10.3의 범위를 유지하

다. 용존산소는 배양 초기에 11 mg·L–1까지 증가하 으나

그 이후에는 7.5에서 8.5의 범위로 안정적이었다(Fig. 2). 용

존산소 농도는 낮동안 배양 생물의 활발한 광합성에 의해 높

은 농도를 보이는 것이 일반적인 현상으로 광합성 저해요인

으로 작용한다. 그러나 본 배양에서는 수차와 air stone에 의

한 원활한 배양수의 순환과 교반에 의해 안정적인 농도를 유

지할 수 있었다.

오염생물의 동정과 구제

S. platensis의 옥외 배양시 직면하는 주요한 문제 중 하나는

오염생물의 출현이다. S. platensis의 노지 배양 시 녹조류인
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Fig. 1. Changes of water temperature and irradiance during
outdoor mass cultivation of Spirulina platensis.



Chlorella는 표적인 오염생물로 알려져 있다(Vonshak and

Richmond 1988). Chlorella의 구제를 위해서는 높은 알칼리성

조건에서 잘 증식하는 S. platensis의 특징을 이용하여 pH를

높이는 방법을 이용하는 것이 일반적이다(Vonshak et al.

1983). 본 배양에서 출현한 오염생물의 동정은 18S rDNA 염

기서열을 이용하 다. 배양 3일째부터 오염생물의 출현이 확

인 되어, 동정한 결과 Chlamydomonas moewusii와 99%의 유사

성을 가지고 있었으며, 10일째에 출현한 오염생물은 Chlorella

minutissima와 99%의 유사성을 가진 것으로 동정되었다. 두

균주의 18S rDNA 염기서열의 NCBI 등재 번호는 DQ345293

(Chlamydomonas moewusii)과 DQ345294(Chlorella minutissima)

이다. 

배양 과정 동안 오염생물의 출현시기는 Table 2에 나타내

었다. C. moewusii는 배양 3일째부터 출현하기 시작하여 4일

째부터 량 증식이 관찰되었다. 배양 5일째부터 7일까지의

급격한 건중량의 증가는 오염생물인 C. moewusii의 량 증식

에 기인하 다(Fig. 3). 따라서 배양 5일째에 담수산 C.

moewusii의 구제를 위하여 천일염을 0.5%가 되도록 첨가하

고 탄산나트륨을 첨가하여 pH를 9.3까지 증가시켰다. 그 결

과 6일째부터 배양수에 량의 거품이 형성되면서 사멸한 녹

조는 배양조의 벽면에 띠를 형성하면서 부착하 다. C.

moewusii의 사멸에 따라 배양 9일째의 건중량은 0.18 g·L–1로

감소하 다. 배양 10일째에는 다른 오염생물인 녹조류 Chlo.

minutissima의 증식이 확인되어 천일염 1%을 추가로 첨가하

다. 그 결과 Chlo. minutissima는 수조의 벽면에 량으로 부

착하면서 사멸하 다. 수조에 형성된 거품과 벽면에 부착한

오염생물을 제거하면서 배양 13일째부터 거품의 발생은 관

찰되지 않았고 오염생물의 출현도 확인되지 않았다. 그러나

사멸된 녹조의 덩어리들이 저면에 부분적으로 침적하는 현

상도 확인되어, 체를 이용하여 제거하 다. 본 연구에서는

오염생물의 혼입을 최소화하기 위하여 비닐하우스 시설 내

에서 배양하 으나 녹조류인 C. moewusii와 Chlo. minutissima

가 연속적으로 출현하 고, 이들을 구제하기 위하여 인위적

인 pH의 증가 및 천일염의 첨가는 매우 효과적이었다. 

배양

오염생물을 구제한 후부터는 정상적인 배양이 이루어지면

서 배양 13일째에 소량 수확하여 조체의 건중량은 27.3

g·ton–1이었다(Fig. 3, Harvest I). 배양 17일째에는 전일에 비

하여 건중량이 감소하 는데 이는 수조의 벽면과 저면에 부

착되어 있는 오염생물을 제거했기 때문이었다. 건중량은 다

시 증가하기 시작하여 배양 25일째에는 건중량은 0.75 g·L–1
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Table 2. Contaminant organism and productivity of S. platensis at each phase during mass cultivation

Phase Contaminant organism
Productivity (g · m–2 · d–1) Culture period

Mean Maximum (day)

I - 4.7 11.3 0-3
II Chlorella moewusii - 4 - 9
III Chlamydomonas minutissima - 10 - 13
IV - 7.8 16.6 14 - 25
V - 6.8 20.4 26 - 40



로 증가하여 량 수확하 고(Fig. 3, Harvest II), 수확 후 17

일간 더 배양하여 40일째 0.71 g·L–1로 증식하 고 이를 전

량 수확하 다(Fig. 3, Harvest III). 배양 기간 동안의 조체의

생산성(productivity, g·m–2·d–1)은 Table 2에서와 같이, 오염

생물이 제거되고 안정적인 배양이 이루어진 14일부터 수확

하기 전인 25일까지는 최고 16.6 g·m–2·d–1 고 평균 7.8

g·m–2·d–1 다. 량 수확이 이루어진 배양 25일째 이후부터

배양 최종일까지의 생산성은 최고 20.4 g·m–2·d–1 고 평균

6.8 g·m–2·d–1 다. 배양 기간이 길어지면서 생산성은 감소

하 고, 배양수의 색은 청남색 계열에서 녹색 계열로 바뀌면

서 양성분의 소진 및 성분간 불균형에 기인한 것으로, 배

양의 초기에 발생한 오염생물의 량 증식에 의하여 탄소,

질소 및 인 성분의 상당한 량이 소비된 것이 생산성 저하의

원인인 것으로 판단된다. 그러나 S. platensis의 적절한 배양

기간은 주요 양성분(macroelement)의 소비 정도를 기준으

로 하지만, 유광층에서 잔존하는 시간의 감소 정도에 의하여

생물량 기준으로 조체의 건조 중량이 0.4-0.5 g·L–1에 이르

을 때가 수확의 적기로 제안되고 있다(Vonshak 1997).

배양에서 사용한 천일염은 담수산 오염생물의 구제뿐만

아니라 배양수에 풍부한 미네랄 성분을 공급함으로써 생산

성의 향상에 기여한 것으로 판단된다. 또한 천일염은 NaCl,

CaCl2, MgSO4, K2SO4 등의 무기염을 다량 함유하므로, SOT

배지 조성(Zarouk 1966)에 사용되는 NaCl, CaCl2·2H2O,

MgSO4·7H2O, K2SO4 등의 성분을 신하여 사용한다면 경

비절감 및 생산성의 향상을 유도할 수 있을 것이다. 오염생

물은 생산된 조체의 품질의 저하의 주요 원인이므로, 미연에

혼입을 방지하기 위하여, 전배양 시 조체의 상태, 오염생물

의 혼입과 증식의 정도를 고려하여 pH를 10 이상으로 조절

하는 것이 바람직할 것이다. 

S. platensis의 옥외 배양에서 배양수의 선택은 생산성에

향을 미치는 가장 중요한 요인 중 하나이다. 멕시코의 Sosa

Texcoco에서는 sodium bicarbonate(Na2HCO3)를 생산하는

호수에서 Spirulina가 량으로 증식하여 이를 옥외 량배양

에 응용하 다. 이와 같이 carbonate(CO3) 또는 bicarbonate

(HCO3)가 풍부한 배양수를 사용하는 것이 가장 효과적이지

만, 이는 매우 제한되므로 Spirulina의 옥외 량배양은 주로

하천수나 호소수를 이용하는 것이 일반적이다. 그러나 이러

한 배양수는 다양한 오염생물을 포함하고 있으므로 생물량

의 순도는 비교적 낮고, 다양한 양성분을 포함하고 있는

해수 또는 기수에 적정량의 bicarbonate를 첨가하여 생산단

가를 낮추는 시도가 이루어지고 있으나(Tredici et al. 1986;

Olguín et al. 2003), 오염생물의 혼입은 생물량의 순도 저하의

주요 원인이 되고 있다. 반면 지하수는 수온은 비교적 낮지

만 혼입된 오염생물이 적고 일정한 함량의 무기염류를 포함

하여 S. platensis의 배양수로서 가능할 것이다. 이러한 지하수

의 특징을 이용하여 본 연구에서는 S. platensis의 옥외 배양을

위하여 지하수를 사용하 다. 지하수를 사용함으로써 혼입

되는 오염생물을 최소화하고 풍부하고 일정한 함량의 미네

랄 성분은 생산성 향상에 기여한 것으로 판단된다. 특히, 낮

동안의 강한 일사량으로 인한 배양수의 수온 상승에 따른 증

발을 지하수(< 10°C)로 보충함으로써 Spirulina의 배양에 적

절한 수온의 조절을 가능하게 하 다. 다만, 지하수에 포함

되어 있는 많은 양의 칼슘이온이나 마그네슘이온은 양성

분이나 염의 첨가 시 침전물을 형성하여 조체의 생산성을 떨

어뜨리는 원인으로 작용한다. 실험실에서 예비실험 한 결과,

본 연구에 사용한 지하수에 SOT 배지 성분(Zarouk 1966)을

첨가하여도 염의 침전은 형성되지 않았고, 여기에 천일염을

첨가했을 때에는 1.5%까지 안정한 것으로 나타났다. 따라서

지하수에 SOT 배지 조성(Zarouk 1966)으로 한 후, 적정량의

천일염을 첨가한다면 Spirulina의 생산성 향상에 크게 기여할

것이다. 그러나 본 배양에서는 지하수로부터 유래된 C.

moewusii와 Chlo. minutissima가 연속으로 출현하여, 보다 높은

순도의 S. platensis를 생산하기 위하여 전배양 단계에서 pH의

인위적 상승이 요구되고 배양수로 사용하기 전에 자외선 살

균이나 여과와 같은 과정이 필요한 것으로 판단된다.  

배양에 있어서 배양수의 수심은 광합성 효율의 측면에서

생산성에 향을 미치는 주요한 요소로 작용한다. 수심이 깊

으면 빛 에너지의 이용률이 낮고, 얕으면 광저해가 발생할

가능성이 높게 되므로 적절한 수심의 조절이 요구된다.

Olguín et al.(2003)은 S. platensis의 년간 배양에서 수심에 따

른 생산성은 여름기간에는 0.2 m에서 가장 높았고, 가을에는

0.25 m에서 가장 높은 결과를 보고하 다. 따라서 본 연구에

서의 수심 0.2 m는 S. platensis의 량 배양에 적절했던 것으

로 판단되나, 배양의 최적화를 위하여 0.15 m, 0.25 m 등의

수심에서의 생산성에 한 연구가 수행되어야 할 것이다. 

수확과 생산성

일부 남세균은 수괴에서 환경적∙생리적 필요에 따라 적

절한 위치로 이동하기 위하여 세포 내의 기공(gas vesicle)을

이용한다(Walsby 1994). S. platensis는 암조건에서는 침강하고

명조건에서는 부상한다. 이러한 부상특성을 이용하여, S.

platensis를 수확하기 위하여 수차와 폭기 없이 야간 정치하

다. 이때에는 암조건으로 모든 조체가 침강하여 층(1-1.5

cm)을 형성하 고, 이 덩어리들은 명조건에서 서서히 부상

하여 배양된 조체의 99% 이상이 배양수 표면으로 부상하

다. 이를 수집하여 용이하게 수확할 수 있었다. 또한 적절한

농도의 염(NaCl)의 첨가가 S. platensis의 부상 특성을 증가시

킴으로써(Kim et al. 2005), 본 연구에서는 오염생물의 구제를

위하여 첨가한 1.5%의 천일염이 보다 효과적인 수확을 가능

하게 한 것으로 판단된다. 그러나 일시에 침강하여 덩어리를
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형성한 조체는 장시간 방치할 경우 부패의 가능성이 있으므

로 오전 중에 수확함이 바람직하다.

배양 기간 동안 3회에 걸쳐 수확한 량은 건중량으로 총

1,026 g·ton–1이었고 이를 기준으로 한 생산성(productivity)

은 5.4 g·m–2·d–1 다. 그러나 일일 측정한 건중량(in situ dry

weight)을 기준으로 했을 때는 보다 높게 나타났다. 가장 높

은 일일 건중량은 0.75 g·L–1(배양 25일째) 고(Fig. 3), 이

를 기준으로 한 생산성은 6.5 g·m–2·d–1로 다소 낮은 값을

보 지만 량 배양 동안 오염생물의 발생과 지하수에 첨

가한 배지 성분을 SOT 배지 조성(Zarouk 1966)의 절반으로

한 점 등을 고려하면 높은 값으로 볼 수 있을 것이다. 

본 연구에서는 S. platensis의 옥외 배양을 위하여 량 배양

조와 접종물 배양조를 새롭게 고안하 고 이를 비닐하우스

시설에 설치하여 배양을 수행하 다. 배양수는 지하수에

SOT(Zarouk 1966)의 절반의 양성분을 첨가하여 40일간 배

양하 고, 배양기간 동안 가장 높은 증식(건중량)에 도달했

을 때의 일일 건중량은 0.75 g·L–1(in situ productivity, 6.5

g·m–2·d–1) 고 총 1,026 g·ton–1을 수확하여 성공적인 옥외

량배양으로 판단된다. 배양 과정 중에 출현한 오염생물을

구제하기 위한 pH의 조절과 염의 첨가는 매우 효과적이었

고, Spirulina의 부상활성을 이용한 수확법은 간편하고 효율

적이었다. 본 옥외 량배양의 시도는 향후 S. platensis와 같

은 유용 미세조류의 량 배양에 필요한 기초적인 정보를 제

공할 것으로 기 된다. 
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INTRODUCTION

Diatoms are indisputably the major component of
many food webs, estimating their seasonal abundance,
fluctuations and growth rate have been, and will be, an
important component of marine science studies. Aquatic
environments are subject to high temporal variability,
with frequent reorganization of relative abundance and
species composition of phytoplankton, as a result of
interaction between physical, chemical and biological
variables (Reynolds et al. 2000). Like all other marine
organisms, diatom eco-physiology is influenced by water
temperature, salinity, light intensity and nutrient concen-
trations (Tomas 1996; Thomas and Sommerfeld 1998;

Thessen et al. 2005). Temperature is an important factor
controlling the algal growth in natural environments
(Lund 1949; Talling 1955) and growth response to tem-
perature may be essential in regulating the predomi-
nance of phytoplankton species (Harris 1986). It is well
known that salinity is an important abiotic factor affect-
ing phytoplankton growth. Wide ranges of salinity and
temperature may explain frequent appearance of phyto-
plankton throughout the year in the ocean (Hoshiai et al.
2003). 

Jeju is a volcanic island of Korea which belongs to the
subtropical region where the benthic diatoms are used as
a live feed for shellfish in commercial hatcheries. The
coastal water temperature and salinity of this island fluc-
tuated widely and Grammatophora marina is being often
found in a high abundance in this coastal water through-
out the year (Affan and Lee 2004). However, microalgae
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are paid more attention as nutraceutical and health food
in markets. Much effort has been expended on the search
for new compounds of therapeutic potential, demon-
strated in microalgae of all classes, possessing antibacter-
ial, antifungal and anticancer. Extract of Chlorella sp. and
Spirulina sp. are being proposed to be used with noodles,
bread, green tea, beer and candy (Liang et al. 2004). 

Exogenous chemicals and endogenous metabolic
processes in the human body or in the food system pro-
duce extremely dangerous reactive oxygen species (ROS)
which have ability to react with a large variety of easily
oxidisable cellular components (Fridovich 1995).
Antioxidants can be involved with the oxidation process
by scavenging free radicals, chelating catalytic metals
and by acting as oxygen scavengers (Shahidi and
Wanasundara 1992; Buyukokuroglu et al. 2001).
Commercial antioxidant supplements such as BHA,
BHT, α-tocopherol, propyl gallate (PG) and tert-butylhy-
droquinone (TBHQ) are using in order to reduce oxida-
tive damages in the human body (Sherwin 1990; Gulcin
et al. 2002). However, these materials have been suspect-
ed of being responsible for some side effects such as liver
damage and carcinogenesis. Among the natural antioxi-
dants, polyphenols in the human diet have been reported
to contribute in decreasing of cardiovascular diseases
and exerting a beneficial health effect (Muller et al. 1995;
Hotta et al. 2002). High antioxidant action of c-phyco-
cyanin from blue green algae Arthospira maxima was
detected and this natural product is able to scavenge
alkoxyl and hydroxyl radicals (Romay et al. 1998). The
objectives of the present study were isolation, growth
characteristics study, mass culture, and investigation of
the bio-chemical composition and antioxidant properties
(80% methanolic extract and enzymatic extracts) of the
benthic diatom Grammatophora marina.

MATERIALS AND METHODS

Phytoplankton isolation
Benthic diatoms attached on papans (undulated plastic

sheet) were collected from the abalone culture hatchery
from NFRDI (National Fisheries Research and
Development Institute) in Jeju. The attached diatoms
were removed from the papan and diluted with the same
seawater. The sample was again diluted and one mL was
transferred to a S-R counting chamber. Single cell of the
benthic diatoms was picked up from the counting cham-
ber by using micropipette under an inverted microscope
(Olympus IX71). The single cell was transferred into

multi-well for subculture. Subculture of the isolated
species was done with autoclaved seawater which was
filtered through 0.45 mm millipore and enriched with
F/2 nutrients media (Aquacenter Ltd. USA), trace metals
and metasilicate anhydrous crystals (Na2SiO3). The isola-
tion process was carried out until getting the mono-
strain of the Grammatophora marina. For the identification
of the cultured benthic diatom, samples were observed
under the phase-contrast microscope (Zeiss Axioplan) at
a magnification of X 400, and the identification was done
as described by Shim 1994. 

The mono-strain Grammatophora marina was again
streaked on agar plate that was prepared with 2% agar
(w/v) and 0.04% F/2 (v/v) media and autoclaved sea-
water. Mono-strain Grammatophora marina colony was
transferred from the agar plate into the 250 mL flask
which contained 100 mL of F/2 enriched culture media
and antibiotics. Seven different doses of antibiotics solu-
tion (penicillin 100-250 units/mL, streptomycin 100-250
µg/mL and neomycin 200-500 µg/mL) at 25 units-peni-
cillin/mL, 25 µg-streptomycin/mL and 50 µg-neomycin/
mL doses were used (SIGMA P 4083). About 10 mL cul-
tured Grammatophora marina sample was transferred
from the antibiotic mixed media to a 250 mL flask having
100 mL media for the culture of this species and the cul-
tured sample was again streaked on the bacto-agar
media for the observation of the presence of bacteria.
Finally axenic strain of Grammatophora marina was
obtained for advanced study.

Growth characteristics study
To know the best growth conditions of Grammatophora

marina the culture was done in terms of three parame-
ters; water temperature, salinity and nutrient concentra-
tions. Each parameter was controlled by temperature of
15, 20 and 25°C; salinity of 25, 30 and 35 psu; and nutri-
ent concentrations of 50, 100 and 200%, and it was divid-
ed as low, medium and high temperature, salinity and
nutrient concentrations, respectively. General dose of
F/2 media (adding of 1 mL of A media with 7.75 liter
water and 1 mL of B media with 7.75 liter water, trace
element solution 13 µL/L and metasilicate anhydrous
crystal 13 mg/L) was considered as 100% nutrient con-
centrations. The artificial seawater was enriched with
F/2 media nutrients (Aquacenter Ltd. USA) which was
used for the growth characteristics study and for mass
culture of Grammatophora marina. Observation of the
growth characteristics of this species was continued dur-
ing the period of two weeks culture with fluorescent
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light under the irradiance of 180 µE m–2 s–1 at 12:12 L:D
photo cycle. Cell densities were approximately 20 cells
mL–1 at the inoculation time in all experiment.

For the estimation of standing crop, one mL sample
was collected from the each experimental cultured flask
at every two days interval and fixed with Logul’s iodine
solution. These fixed samples were diluted and cells
were directly counted by using a S-R counting chamber
under the observation of inverted microscope at X 400.
Growth rate is calculated as doubling time (td) and spe-
cific growth rate (µ). Increasing of cell density per unit
time was used for specific growth rate (µ) calculation of
this study based on Pirt (1975).

In (X1/X0)
µ (day–1) = 

t1 – t0

Where the X0 and X1 are the quantitative expression of
the cell density at the beginning time (t0) to the end time
(t1) between the selected time intervals during the incu-
bation. For each sample, duplicate counting was done
and the mean value was plotted for growth curve. 

Mass culture of phytoplankton
The mass culture of this species was done with the

same F/2 media in a 10-litter bottle and in a glass tank
with the papan which was used for the abalone culture
in the shellfish hatchery at the maximum growth condi-
tion. Grammatophora marina cells were separated from the
media by centrifuging 10 minutes at 560 g (Hanil 17R)
and the precipitated cells were transferred in the petri
dish. The sample content petri dish was kept in the deep
freeze for 24 hours at -70°C and freeze-drying was done
at temperature -50°C with 5 m Torr.

Bio-chemical composition of freeze- dried Grammato-
phora marina

Total protein, lipid and carbohydrate were measured
by following the methods of BCA protein assay kit 23227
(Pierce USA), Taylor (1995), and Bligh and Dyer (1959),
respectively.

Preparation of 80% methanolic extract
Freeze dried Grammatophora marina sample was

ground in to a fine powder. Powdered sample (5 g) was
immersed in 80% methanol (1000 mL) and placed in a
shaking incubator for 24 h at 25°C. The macerated mix-
ture was filtered and methanol extract was collected and
concentrated. All antioxidant activities of Grammatophora

marina extracts were compared with commercial antioxi-
dants (BHT and α- tocopherol) dissolved in methanol.

Materials of enzymatic extracts
Viscozyme L, Celluclast 1.5 L FG, AMG 300 L,

Termamyl 120 L, Ultraflow L, Protamex, Kojizyme 500
MG, Neutrase 0.8 L, Flavourzyme 500 MG and Alcalase
2.4L FG were used from Novo Co. (Novozyme Nordisk,
Bagsvaerd Denmark). 1,1-Diphenyl-2-picrylhydrazyl
(DPPH), dimethyl sulfoxide (DMSO), butylated hydrox-
ytoluene (BHT), xanthine, xanthine oxidase from butter
milk, nitro blue tetrazolium salt (NBT), butylated
hydroxyanisole (BHA), α-tocopherol and Folin-Ciocalteu
reagent were used from Sigma Co. (USA). 2,2-Azino-bis
(3-ethylbenzthiazolin)-6-sulfonic acid (ABTS) and peroxi-
dase were purchased from Fluka Co. All the other chemi-
cals used were analytical grade supplied by Fluka or
Sigma Co.

Preparation of enzymatic extracts
Freeze dried Grammatophora marina was ground into a

fine powder and 1 g was mixed with 100 mL of distilled
water. The optimum pH of the each reaction mixtures
were adjusted with 1M HCl/NaOH. Optimum pH and
temperature conditions for the respective enzymes used
were similar to those reported by Heo et al.(2003). In this
test, five carbohydrate degrading enzymes (Viscozyme,
Celluclast, AMG, Termamyl and Ultraflow) and five pro-
teases (Protamex, Kojizyme, Neutrase, Flavourzyme and
Alcalase) were used. Enzymes were added at the dosage
(enzyme/ substrate ratio) of 1% and the mixtures were
kept in the shaking incubators at optimal conditions for
24 h. Resultant mixtures were filtered and the enzymes
activity of hydrolysates was inactivated by heating at
100°C for 10 min. Thereafter, the pH of the each
hydrolysate was adjusted to pH 7 with 1M HCl/NaOH.

Determination of antioxidant activities
DPPH radical scavenging assay: Free radical scaveng-

ing activity of the different fractions of Grammatophora
marina was determined as follows according to the modi-
fied method of Brand-Williams (1995). 

Superoxide anion scavenging assay: according to the
method described by Nagai et al. (2003). 

Hydrogen peroxide scavenging assay: according to
the method of Muller et al. (1995). 

Hydroxyl radical scavenging assay: according to
Chung et al. 1997.

Nitric oxide radical inhibition assay: Nitric oxide rad-
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ical inhibition was determined according to the method
reported by Garrat (1964).

Metal chelating assay: according to the method by
Decker and Welch (1990).

RESULTS

Axenic strains
For getting the bacteria free strain, various doses of

antibiotics were used and absolutely bacteria free mono-
strain was found above a dose of 200 units-penicillin/
mL, 200 µg-Streptomycin/mL and 400 µg-Neomycin/
mL solution, while the concentration of antibiotics above
250 units-penicillin/mL, 250 µg-streptomycin/mL and
500 µg-neomycin/mL solution were found to be lethal
for Grammatophora marina (Fig. 1).

Growth characteristics
Growth characteristic experiments were done to find

out the best growth condition for mass culture.
Grammatophora marina was found to grow well in all
experiments during the culture period. At the tempera-
ture of 15°C with several salinities and various nutrient
concentrations; the maximum specific growth rate was
observed to vary from 0.77 to 1.09 d–1 with the average of
0.94 d–1 (Fig. 2A), and the maximum (4.44 × 105 cells
mL–1) standing crop was found at the maximum specific
growth rate of 1.00 d–1 on 12th day after inoculation of
the sample in a media which contained salinity of 30 psu

and 100% nutrient concentrations (Fig. 2A and 3A).
At the water temperature of 20°C, the maximum spe-

cific growth rate was found to be varied from 0.93 to 1.24
d–1 with the average of 1.08 d–1 among several salinities
and nutrient concentrations (Fig. 2B), and the best specif-
ic growth rate (1.24 d–1) and highest standing crop (4.01
× 105 cells mL–1) were found on 10th day after inoculation
of the samples into the media which contained salinities
of 30 psu and 100% nutrient concentrations, respectively
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Fig. 1. Reduction of bacterial colonies with increasing of the
antibiotics concentrations and Dose 1; Penicillin 100 units/
mL, Streptomycin 100 µg/mL and Neomycin 200 µg/mL,
and each dose increased by 25 units of Penicillin, 25 µg of
Streptomycin and 150 µg of Neomycin per mL, respectively.
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Fig. 2. Specific growth rate (µ) of Grammatophora marina at tem-
perature of 15, 20 and 25°C with nutrient concentrations of
50%, 100% and 200% and with the salinity of 25, 30 and 35
psu. Culture conditions A1 (25 psu and 50% nutrient con-
centrations), A2 (25 psu and 100% nutrient concentrations),
A3 (25 psu and 200% nutrient concentrations), A4 (30 psu
and 50% nutrient concentrations), A5 (30 psu and 100%
nutrient concentrations), A6 (30 psu and 200% nutrient
concentrations), A7 (35 psu and 50% nutrient concentra-
tions), A8 (35 psu and 100% nutrient concentrations) and
A9 (35 psu and 200% nutrient concentrations) are at 15°C
water temperature, and conditions of B at 20°C and C at
25°C are same regarding salinity and nutrient concentra-
tions.



(Fig. 3B).
The best specific growth rate (1.68 d–1) was found at

the temperature of 25°C with salinity of 35 psu and nutri-
ent concentration of 200% on 6th day during the culture
period among the all culture conditions (Fig. 2C).
Maximum biomass was also observed 4.9 × 105 cells
mL–1 in the same condition (Fig. 3C). In the bottle culture
the highest cell abundance was 6.65 × 105 cells mL–1 on

12th day of culture period. In the culture tanks this
species was found to grow well on the papans with
strong attachment by producing thick mats. The cell den-
sity varied from 6.25 to 7.86 × 105 cells/surf.cm2 of the
papans. The cell abundance was found to be higher near
the surface area than the bottom of the papans. 

Biochemical composition
For obtaining the nutritional status of this species, bio-

chemical composition such as protein, lipid and carbohy-
drate was measured and their values were 4.96%, 15.82%
and 5.65% of one gram of dry weight sample, respective-
ly. The remaining percentage comprised of ashes and
waters.

Antioxidant activities
The antioxidant activities of 80% methanolic extract of

this species were 46.7%, 23.7%, 23.8%, 35.2% and 20.2%
on DPPH radical, superoxide anion scavenging, hydro-
gen peroxide scavenging, hydroxyl radical and nitric
oxide radical scavenging, respectively (Table 1).
Percentage metal chelating activity of the same species
was 81.2% (Table 1). For the extraction of more antiox-
idative compounds, Grammatophora marina was enzymat-
ically hydrolyzed by carbohydrases and proteases and
potential antioxidant activities were evaluated.
Enzymatic extracts of Alcalase, Ultraflow and Nutrase
showed higher activities (86.5%, 57.2% and 53.1%,
respectively) on DPPH radical scavenging, and Kojizyme
and Viscozyme showed 45.3% and 41.4% on superoxide
anion scavenging. In addition Protomex (24.8%) was
effective on hydrogen peroxide scavenging and Neutrase
revealed 30.8% on hydroxyl radical scavenging. Further,
on nitric oxide scavenging Celluclast (33.2%) and
Viscozyme (32.1%) exhibited higher activities and
Alcalase showed 61.5% on metal chelating (Table 2).
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Fig. 3. Growth curves of Grammatophora marina at different
salinities and nutrient concentrations (culture conditions
are same as in Fig. 2).

Table 1. Comparison of antioxidants activities of Grammatophora marina crude extract by 80% MeOH and commercial antioxidants

Antioxidants DPPH· activity Superoxide anion H2O2 Scavenging Hydroxyl NO· scavenging Metal chelating 
% scavenging activity % activity % radical activity % activity % activity %

Extract 46.7 ± 1.50 23.7 ± 0.89 23.8 ± 0.85 35.2 ± 1.3 20.2 ± 0.2 81.2 ± 1.32
α-Tocopherol 69.6 ± 1.07 32.60 ± 1.65 73.90 ± 1.90 79.5 ± 2.2 43.4 ± 1.7 9.78 ± 0.96
BHT (Butylated 71.75 ± 1.34 64.15 ± 1.80 67.25 ± 2.11 76.6 ± 2.8 56.3 ± 19 10.77 ± 1.93
hydroxytoluene)

Sample concentration is 2 mg/mL and M ± SE of determinations was made in triplicate



DISCUSSION

Axenic species 
Bacteria were found to grow more with this species in

the culture media and it was decomposing the phyto-
plankton cell and it was suspected that bacteria might
play a role for the determination of antioxidants by pro-
viding its own cells compounds. For obtaining the axenic
species antibiotics were used and the doses of antibiotics
was lower than the dosages (Gentamycin 0.05 mg/L,
Penicillin-G 16 mg/mL and Streptomycin 0.8 mg/mL)
used by Kotaki et al. (2000) who used antibiotics for the
axenic culture of domoic acid producing Nitzschia sp.
The dosages of antibiotics may be dependent on the bac-
terial load or the presence of bacterial species. 

Growth characteristics
Grammatophora marina was found to grow well in all

the experimental conditions with wide range of tempera-
ture and salinity. The growth pattern of this species
seems to be eurythermal and euryhaline with eutrophic
habitat as the best specific growth was found to be
occurred in a condition with medium temperature, high-
er salinity and maximum nutrient concentrations.
Grammatophora marina was abundant in the Jeju coast at
moderate temperature and salinity with available nutri-
ent concentrations (Affan and Lee 2004). Furthermore,
mass culture in a bottle is better than in a tank culture, as
the bottle culture can protect bacterial contamination eas-
ily.

Bio-chemical compositions
In this species the lipid content was found to be higher

than protein and carbohydrate. The percent carbohy-
drate of Grammatophora marina was similar with the
Skeletonema coastatum (4.9%), and the lipid content
(15.82%) was nearly similar with Nitzschia closterium,
Cylindrotheca fusiformis and Skeletonema coastatum (18 to
20%) and the protein content (4.96%) of this species was
very low compared with Nitzschia closterium ,
Cylindrotheca fusiformis (16 to 38%) (Brown and Jeffreyi
1995). Grammatophora marina was found as a fast growing
benthic diatom with strong attachment to the substrate.
It also makes nice mats on the substrate during growth.
This single species mats on papans can be used as a live
feed for abalone in the shellfish aquaculture as good
energy source because of high lipid value. 

Antioxidant activities
Plants have numerous antioxidant defense systems

and because of that they are not susceptible to damage
by ROS. Recently the interest about the antioxidants
from the natural resources like plant has been increasing
because of their reducing power on ROS, since they pro-
duce polyphenolics, and nitrogen containing com-
pounds, phytosterols, carotenoids and chlorophyll deriv-
atives. In the present study, antioxidant potentiality was
determined by using different kinds of antioxidant
assays from the 80% methanolic extract and different
enzymatic extracts of Grammatophora marina. DPPH free
radical scavenging assay is widely used to evaluate
antioxidant activities. DPPH is a stable free radical and
accepts an electron or hydrogen radical to become a sta-
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Table 2. Comparison of antioxidant activities of enzymatic extract of Grammatophora marina with commercial antioxidants

Grammatophora marina DPPH· Superoxide anion H2O2 Scavenging Hydroxyl radical NO· scavenging Metal chelating 
Enzymatic extract activity % scavenging activity % activity % activity % activity % activity %

Viscozyme 47.3 ± 1.8 41.4 ± 1.2 14.1 ± 0.8 24.7 ± 0.9 32 ± 1.1 42 ± 1.1
Celluclast 41.2  ± 1.7 25.6 ± 0.8 15.5 ± 0.7 10.6 ± 0.2 33 ± 1.1 40 ± 1.2
AMG 52.9 ± 1.8 39.1 ± 1.1 17.6 ± 1.1 14.1 ± 0.3 29 ± 0.8 39 ± 1.1
Termamyl 44.3 ± 1.1 33.2 ± 1.2 17.3 ± 0.9 10.5 ± 0.3 28 ± 0.9 41 ± 1.2
Ultraflow 57.2 ± 1.9 39.3 ± 1.3 14.6 ± 0.7 19.1 ± 0.7 29 ± 0.9 32 ± 1.2
Protamex 48.2 ± 1.1 34.7 ± 1.1 24.8 ± 1.2 20.6 ± 0.9 23 ± 0.7 45 ± 1.6
Alcalase 86.5 ± 2.2 40.3 ± 1.5 16.2 ± 0.7 24.3 ± 1.1 22 ± 0.6 61 ± 2.2
Flavourzyme 43.7 ± 0.9 30.3 ± 1.3 19.8 ± 0.9 17.9 ± 1.1 12 ± 0.2 41 ± 1.8
Neutrase 53.1 ± 1.8 26.7 ± 1.1 20.8 ± 1.1 30.8 ± 1.3 28 ± 0.8 21 ± 1.2
Kojizyme 52.7 ± 1.7 45.3 ± 1.6 17.2 ± 0.6 27.9 ± 1.2 29 ± 0.7 38 ± 1.1
α-Tocopherol 69.6 ± 1.07 32.60 ± 1.65 73.90 ± 1.90 79.5  ± 2.2 43.4 ± 1.7 9.78 ± 0.96
BHT (Butylated 71.75 ± 1.34 64.15 ± 1.80 67.25 ± 2.11 76.6 ± 2.8 56.3 ± 19 10.77 ± 1.93
hydroxytoluene)

Sample concentration is 2 mg/mL and M ± SE of determinations was made in triplicate



ble diamagnetic molecule (Soares et al. 1997). In cells, free
radicals are continuously produced either as by-products
of metabolism or deliberately as in phagocytes
(Cheeseman and Slater 1993). In this study 80%
methanolic extract and Alcalase extract of Grammatophora
marina showed high activities when compared to com-
mercial antioxidants (α-Tocopherol and BHT). Effects of
superoxide anion can be exaggerated as it produces
other kinds of cell damaging free radicals and oxidizing
agents (Liu and Ng 2000). It is a precursor to active free
radicals that have potential of reacting with biological
macromolecules and thereby inducing tissue damage
(Halliwell and Gutterridge 1989). The superoxide anion
scavenging effects of enzymatic extracts of Kojizyme,
Viscozyme, and Alcalase are even higher than that of α-
Tocopherol. Thus it can be suggested that the enzymatic
extracts may exert a better function in superoxide radical
scavenging. Hydroxyl radical is the most reactive oxygen
species among all ROS because of its strong affinity for
reaction with various biomolecules. It can abstract the
hydrogen atoms from phospholipid membranes and can
do peroxidic reactions with lipids (Kitada et al. 1979).
Nitric oxide is a gaseous free radical which has impor-
tant functions for the physiological and pathological con-
ditions, like renal injuries. The hydroxyl radical and
nitric oxide scavenging ability of both 80% methanol
extract and enzymatic extracts is found to be very little
compared to commercial antioxidants. Ferrozine can
make complexes with ferrous ions and ferrous ion can
initiate lipid peroxidation by the Fenton reaction as well
as accelerating peroxidation by decomposing lipid
hydroperoxides into peroxyl and alkoxyl radicals
(Halliwell 1991). The obtaining results about the metal
chelating activity of 80% metahnolic extract suggests that
this species has the high ability for the iron binding than
enzymatic extracts.

With 80% methanol both hydrophilic and hydrophobic
bioactive compounds that contain antioxidant properties
may extract a relatively poor yield and for getting a high-
er yield of antioxidant compounds enzymatic extracts
were also done. According to aforementioned results
except in a few cases enzymatic extracts have shown rel-
atively higher activities than the extracts of 80%
methanol as algae contains great amount of highly vis-
cous polysaccharides in large extents (Mabeau and
Kloareg 1987). Both insoluble and soluble fiber together
with the other cell wall material acts as a physical barrier
for the extraction of desired bioactive materials.
Enzymatic hydrolysis of cells has informed significant

yields of desired compounds and convenient industrial
approaches in extraction and purification (Chiang et al.
1999; Nagai and Suzuki 2000). In addition, enzymatic
extracts possess innovative advantages and characters
over conventional extraction procedures. Breakdown of
barriers can enhance the extraction of desired bioactive
materials in the tissues and cells. Also, the breakdown/
releasing of high molecular weight polysaccharides and
proteins themselves can contribute to enhance the
antioxidative activities (Ramos and Xiong 2002).

Cultures of diatoms for biotechnological interest are
still at the early stage of development, except for the
aquaculture (commercial exploitation). Development
will depend on the utilization sectors and with less
restriction in cultivation, like low cost and sustainable
technique. In conclusion, the percentage of antioxidant
activity on DPPH and the metal chelating activity were
found to be higher from the 80% methanolic extract.
Further, after hydrolyzed with carbohydrases and pro-
teases activities of DPPH, superoxide anion and nitric
oxide was increased. Therefore, further studies are very
important for the isolation and purification concerning
biochemical compounds that responsible for the antioxi-
dants activity of this species.
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INTRODUCTION

Free radicals can be generated in biological systems in
the form of reactive oxygen species (ROS), such as
superoxide anion radicals (O2–), hydroxyl radicals (HO·),
hydrogen peroxide (H2O2), and singlet oxygen (1O2).
These ROS are an entire class of highly reactive
molecules derived from the normal metabolism of
oxygen or from exogenous factors and agent (Chung et
al. 2006). Oxidative damage of DNA, protein, lipid, and
other molecules caused by ROS is associated with a
number of pathological processes, including
atherosclerosis, arthritis, diabetes, cataractogenesis,
muscular dystrophy, pulmonary dysfunction, ischemia-
reperfusion tissue damage, and neurological disorders
such as Alzheimer’s disease (Frlich and Riederer 1995). 

Antioxidants are used to preserve food quality mainly
by prevention of oxidative deterioration of constituent of
lipids. There is an increasing interest in natural
antioxidants because of the safety and toxicity problems
of synthetic antioxidants, such as butylated
hydroxylanisol (BHA) and butylated hydroxytoluene
(BHT), which are commonly used in lipid-containing
food (Amarowicz et al. 2000). Natural antioxidants can
protect the human body from reactive oxygen species
and free radicals, and retard the progress of many

chronic diseases as well as lipid oxidative rancidity in
food (Kinsella et al. 1993). Therefore, the studies on
natural antioxidant are attracted by investigators and
consumers for use in foods or medicinal materials to
replace synthetic antioxidant.

Marine algae have been consumed in Asia since
ancient times, which are rich in vitamins, minerals,
dietary fiber, protein, and various functional
polysaccharides (Kuda et al. 2005). Moreover, seaweeds
are considered to be a rich source of antioxidant. Hence,
many types of seaweeds have been examined to identify
new and effective antioxidant compounds, as well as to
elucidate the mechanisms of cell proliferation and
apoptosis (Siriwardhana et al. 2004; Athukorala et al.
2005; Heo et al. 2005a, b, c; Park et al. 2005). Recently, the
active antioxidant compounds were identified as
fucoxanthin, phlorotannins, and other polyphenolic
compounds (Yan et al. 1996; Yan et al. 1999; Yoshie et al.
2002).

The aim of present study is to investigate the in vitro
antioxidant activities of different extracts from red algae
present in Jeju Island in order to evaluate their potential
as functional food materials and natural antioxidative
resources for food and medicinal industry. Also we want
to find out an effective methodology for extraction of
different antioxidative compounds by MeOH and H2O in
low and high temperatures (i.e. 20 and 70°C, respectively).
This study is a part for construction of a seaweed extract
bank in Jeju Island for various biological activities, with
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the aim of identifying new seaweed species and novel
molecules with potentially useful therapeutic activities.
Total antioxidant potential has been examined using
hydroxyl radical, superoxide anion, hydrogen peroxide
and DPPH free radical scavenging assays.

MATERIALS AND METHODS

Red algal materials and extraction
Red algae were collected along Jeju Island coast of

Korea from February 2004 to March 2005. From the 26
red algal species, salt, epiphytes and sand were removed
using tap water. Finally the algae were carefully rinsed
with freshwater and stored in a medical refrigerator at -
20°C. The frozen samples were lyophilized and
homogenized with a grinder before extraction. The
powdered samples were then extracted with 80% MeOH
for 24 h under continuous shake at 20°C and 70°C, and
then with freshwater at the same condition. Four
different extracts named 20ME (methanolic extract at
20°C), 70ME (methanolic extract at 70°C), 20AE (aqueous
extract at 20°C) and 70AE (aqueous extract at 70°C),
respectively. The extracts were then concentrated under
a vacuum in a rotate-vapor at 40°C. The solid mass
obtained was then dissolved in water and the
concentration of all the extracts was adjusted to 2
mg · ml–1.

Hydroxyl radical scavenging activity
Hydroxyl radical scavenging activity was determined

by a slightly modified method of the 2-deoxyribose
oxidation method (Chung et al. 1997). Hydroxyl radical
was generated from H2O2 by Fenton reaction in the
presence of FeSO4 · 7H2O. A reaction mixture containing
each 0.2 ml of 10 mM FeSO4 · 7H2O, 10 mM EDTA and 10
mM 2-deoxyribose was mixed with 0.2 ml of the extract
solution and 0.1 M phosphate buffer (pH 7.4) was added
into the reaction mixture until the total volume reached
to 1.8 ml. Then 0.2 ml of 10 mM H2O2 was finally added
to the reaction mixture and incubated at 37°C for 4 h.
After incubation, each 1 ml of 2.8% TCA (trichloroacetic
acid) and 1.0% TBA (thiobarbituric acid) were added.
Then, the mixture was placed in a boiling water bath for
10 min. The absorbance was measured at 532 nm.

Superoxide anion scavenging activity
Superoxide anion scavenging activity was determined

using SOD Assay Kit-WST (Dojindo, Japan). Briefly, a 20
µl of sample solution was added into each well and

blank 2, and 20 µl of ddH2O was added into blank 1 and
blank 3 wells. Water-soluble tetrazolium salts (WST)
working solution was completely mixed with reaction
mixture. Dilution buffer was added to each sample and
blank 1. The reaction mixture was incubated at 37°C for
20 min and absorbance was measured at 450 nm by
ELISA reader. The inhibition rate was calculated as
[(Ablank 1 - Ablank 2)-(Asample - Ablank 2)] / (Ablank 1 - Ablank 3)
× 100.

Hydrogen peroxide scavenging activity
Hydrogen peroxide scavenging activity was

determined by the method of Muller (1985). A hundred
micro liter of 0.1 M phosphate buffer (pH 5.0) and the
sample solution were mixed in a 96 micro well plate. A
20 µl of hydrogen peroxide was added to the mixture,
and then incubated at 37°C for 5 min. After the
incubation, 30 µl of 1.25 mM ABTS and 30 µl of
peroxidase (1 unit · ml–1) were added to the mixture, and
then incubated at 37°C for 10 min. The absorbance was
read with an ELISA reader at 405 nm.

DPPH free radical scavenging activity
Free radical scavenging activity of the algal extracts

was determined by using a stable free radical, DPPH,
according to a slightly modified method of Blois (1958).
DPPH solution was prepared at the concentration of 4 ×
10–4 M in dimethyl sulfoxide (DMSO). During the assay,
a 100 µl algal extract and 100 µl of freshly prepared
DPPH solution were completely mixed. The reaction
mixture was incubated in the room temperature for 1 h.
After one hour, the absorbance was recorded at 517 nm
by ELISA reader (ELX tek Instrument Inc.). The
percentage inhibition was calculated as [1 – (Ai – Aj)/Ac]
× 100; Ai is the absorbance of extract mixed with DPPH
solution, Aj is the absorbance of same extract mixed with
100 µl DMSO, Ac is the absorbance of control with
particular solvent (without seaweed extract).

Determination of total phenolic compound
Phenolic contents were determined using a protocol

similar to Chandler and Dodds (1983) described by
Shetty et al. (1995). Each 1 ml of the algal extract, 1 ml of
95% EtOH, 5 ml of distilled water, and 0.5 ml of 50%
Folin-Ciocalteu reagent (Sigma Chemical, St. Louis, MO)
were mixed. The mixtures were allowed to react for 5
min, and then 1 ml of 5% Na2CO3 was added, and placed
in the dark for 1 h. Absorbance was measured at 725 nm
and gallic acid standard curve was obtained for the
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calibration of phenolic content.

RESULTS AND DISCUSSION

Hydroxyl radical scavenging activity
Hydroxyl radical is a highly reactive species attacking

almost all biological molecules. It is formed from
hydrogen peroxide in a reaction catalyzed by metal ions
(Cu2+ or Fe2+) known as the Fenton reaction (Nordberg
and Arner 2001). Hydroxyl radical scavenging activity of
red algal extracts was measured as the percentage of
inhibition of hydroxyl radicals generated in the Fenton
reaction mixture and the results was shown in Table 1.
Gracilaria verrucosa 70AE indicated the highest
scavenging activity (96.85%) on hydroxyl radical, and G.
textorii 20ME, G. verrucosa 20AE, Ahnfeltiopsis flabelliformis
70AE also showed similar scavenging effects (around
95%) to G. verrucosa 70AE. In addition, Sinkoraena
lancifolia (20AE and 70AE), Grateloupia elliptica (20AE and

70AE), G. textorii 20AE, A. flabelliformis 20AE, Chondria
crassicaulis (20AE and 70AE), G. filicina 70AE, and
Laurencia okamurae 70AE also exhibited higher
scavenging activities above 83%. Moreover, respective
extracts (methanolic and aqueous extracts) on different
conditions (20 and 70°C) of G. textorii, G. verrucosa, A.
flabelliformis, and C. crassicaulis recorded more than 60%
scavenging activities. Hydroxyl radicals are known to be
capable of abstracting hydrogen atoms from membranes
and they bring about peroxidic reactions of lipids
(Kitada et al. 1979). Therefore, the strong hydroxyl
radical scavenging activity in aqueous extract of red
algae indicates that some aqueous extract could be used
as an application of antioxidant source.

Superoxide anion scavenging activity
Superoxide and hydroxyl radical are the two most

effective representative free radicals. In cellular oxidation
reactions, superoxide radical is normally formed first
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Table 1. Hydroxyl radical scavenging activity of methanolic and aqueous extracts from red algae in Jeju Island

Scientific name
Hydroxyl radical scavenging activity (%)

20ME1) 70ME2) 20AE3) 70AE4)

Porphyra tenera 45.03 ± 0.015) 34.29 ± 0.90 51.31 ± 0.02 52.88 ± 0.20
Scinaia okamurae 27.23 ± 0.60 26.70 ± 0.01 27.49 ± 0.06 38.48 ± 0.01
Bonnemaisonia hamifera 21.62 ± 0.65 31.58 ± 0.55 32.63 ± 0.01 49.46 ± 0.05
Gelidium amansii 55.41 ± 0.02 57.57 ± 0.03 25.14 ± 0.00 30.27 ± 0.09
Pterocladiella capillacea 23.56 ± 0.06 20.16 ± 0.07 29.06 ± 0.40 36.91 ± 4.10
Lithophyllum okamurae 23.82 ± 0.02 16.23 ± 0.00 47.12 ± 0.02 38.22 ± 0.01
Carpopeltis affinis 67.13 ± 0.33 58.74 ± 6.66 71.33 ± 4.15 75.52 ± 0.55
Prionitis cornea 39.73 ± 1.50 48.65 ± 3.21 53.24 ± 1.00 51.08 ± 1.00
Grateloupia filicina 6.99 ± 0.50 21.68 ± 3.00 75.87 ± 0.10 86.71 ± 2.00
Sinkoraena lancifolia 8.74 ± 0.01 48.60 ± 2.00 87.76 ± 2.11 83.22 ± 0.55
Halymenia dilatata 13.35 ± 0.11 3.93 ± 0.05 34.03 ± 1.00 38.48 ± 0.06
Grateloupia elliptica 54.20 ± 1.10 49.30 ± 1.00 87.76 ± 0.05 87.06 ± 0.20
Grateloupia lanceolate 74.13 ± 0.01 60.14 ± 3.00 76.22 ± 2.00 3.15 ± 0.01
Gloiopeltis furcata 12.83 ± 0.01 15.45 ± 0.05 38.74 ± 0.10 46.86 ± 1.00
Schizymenia dubyi 20.94 ± 1.00 15.97 ± 1.50 42.15 ± 0.01 45.29 ± 0.02
Phacelocarpus sp. 42.97 ± 0.50 48.42 ± 1.00 19.46 ± 0.05 45.68 ± 0.55
Gracilaria textorii 96.15 ± 0.30 76.22 ± 5.33 88.46 ± 2.00 74.83 ± 1.00
Gracilaria verrucosa 76.57 ± 0.05 78.32 ± 3.22 94.06 ± 5.00 96.85 ± 5.33
Ahnfeltiopsis flabelliformis 63.64 ± 5.12 76.22 ± 0.02 87.76 ± 2.56 95.10 ± 1.12
Chondrus crispus 27.23 ± 0.01 23.82 ± 0.55 39.27 ± 0.60 59.16 ± 0.01
Lomentaria catenata 19.11 ± 0.01 20.94 ± 0.01 39.79 ± 0.06 21.47 ± 0.02
Martensia denticulata 8.12 ± 0.02 6.02 ± 0.00 48.42 ± 1.00 35.08 ± 0.01
Chondria crassicaulis 67.48 ± 0.76 68.88 ± 2.00 88.46 ± 2.32 86.36 ± 2.22
Laurencia okamurae 61.19 ± 0.05 56.99 ± 1.00 79.02 ± 1.00 85.31 ± 2.00
Chondrophycus undulatus 53.24 ± 0.30 41.35 ± 0.33 54.05 ± 0.14 55.14 ± 0.02
Polysiphonia japonica 12.97 ± 0.10 30.00 ± 0.02 52.63 ± 3.00 62.97 ± 3.00

1)20ME: methanolic extract at 20°C, 2)70ME: methanolic extract at 70°C, 3)20AE: aqueous extract at 20°C, 4)70AE: aqueous extract at
70°C, 5)Mean  ± SE of determinations was made in triplicate experiments.



and its effects can be magnified because it produces
other kinds of cell damaging free radicals and oxidizing
agents (Lui and Ng 1999). Table 2 exhibited the
scavenging effect of superoxide anion on various algal
extracts. Gracilaria textorii 20AE showed the highest
scavenging activity (88.01%) while G. textorii 20ME
showed the second highest activity (87.50%) on
superoxide anion. Of the G. textorii, the low temperature
(20°C) extracts recorded higher scavenging activities
compared to the high temperature (70°C). Moreover,
Grateloupia lanceolate 20ME, Ahnfeltiopsis flabelliformis
20ME, Martensia denticulate 20ME, Bonnemaisonia hamifera
70ME, Carpopeltis affinis 70ME, and Prionitis cornea 70AE
also showed relatively higher superoxide anion
scavenging activities (over 83%). Studies concerning
superoxide anion scavenging activity of algae have been
increasing due to the harmful reactivity of superoxide
anion. Qi et al. (2005) recorded a good superoxide anion
scavenging activity in a polysaccharide extracted from

Ulva pertusa, and Kuda et al. (2005) found significant
superoxide anion scavenging activities in four algal
water extracts. Superoxide radical is not only formed in
the body but also in the early products of protein
glycation, such as the Schiff base and Amadori
compound which may be the key structural components
involved in the generation of superoxide radical (Ukeda
et al. 2002). Therefore this good superoxide anion
scavenging activity of some red algal extracts may be
important both in medicinal and functional food fields.

Hydrogen peroxide scavenging activity
Hydrogen peroxide can be formed in vivo by an

antioxidant enzyme such as superoxide dismutase. It can
cross membranes and may slowly oxidize a number of
compounds. The ability of red algae to scavenge
hydrogen peroxide is shown in Table 3. Grateloupia
filicina 20AE showed the highest scavenging on
hydrogen peroxide (85.35%) while the other aqueous
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Table 2. Superoxide anion scavenging activity of methanolic and aqueous extracts from red algae in Jeju Island

Scientific name
Superoxide anion scavenging activity (%)

20ME1) 70ME2) 20AE3) 70AE4)

Porphyra tenera 62.50 ± 0.015) 35.89 ± 6.12 12.50 ± 2.00 25.69 ± 2.30
Scinaia okamurae 25.22 ± 3.22 37.50 ± 1.22 20.00 ± 5.00 12.50 ± 6.33
Bonnemaisonia hamifera 75.13 ± 9.22 87.48 ± 6.33 45.00 ± 5.12 25.33 ± 7.25
Gelidium amansii 42.50 ± 3.20 62.58 ± 3.77 50.33 ± 4.55 55.77 ± 0.99
Pterocladiella capillacea 12.50 ± 3.33 25.83 ± 1.11 25.06 ± 3.33 44.12 ± 1.66
Lithophyllum okamurae 75.00 ± 4.12 20.33 ± 0.59 37.50 ± 5.78 25.00 ± 0.99
Carpopeltis affinis 25.00 ± 0.10 84.56 ± 1.05 50.80 ± 0.03 10.50 ± 0.40
Prionitis cornea 25.69 ± 3.00 29.66 ± 0.32 66.67 ± 6.05 83.33 ± 5.55
Grateloupia filicina 5.00 ± 3.00 37.50 ± 5.10 51.04 ± 5.00 25.04 ± 3.22
Sinkoraena lancifolia 12.50 ± 0.50 47.50 ± 1.20 37.50 ± 3.12 24.08 ± 0.55
Halymenia dilatata 75.39 ± 3.66 50.75 ± 6.62 35.00 ± 3.22 25.39 ± 1.11
Grateloupia elliptica 25.00 ± 0.05 12.50 ± 0.01 25.25 ± 0.20 12.50 ± 0.75
Grateloupia lanceolate 87.30 ± 3.33 61.48 ± 6.12 19.55 ± 6.77 75.00 ± 6.12
Gloiopeltis furcata 15.00 ± 3.33 35.67 ± 8.77 12.50 ± 3.33 38.99 ± 3.99
Schizymenia dubyi 15.00 ± 1.22 75.09 ± 2.25 12.50 ± 2.22 25.40 ± 3.33
Phacelocarpus sp. 25.35 ± 5.45 37.50 ± 0.22 26.67 ± 0.06 50.10 ± 3.33
Gracilaria textorii 87.50 ± 6.61 25.00 ± 1.11 88.01 ± 6.33 37.50 ± 0.55
Gracilaria verrucosa 62.50 ± 0.55 62.50 ± 6.01 75.88 ± 5.12 25.00 ± 3.10
Ahnfeltiopsis flabelliformis 85.70 ± 6.11 75.70 ± 1.12 5.00 ± 0.55 25.00 ± 1.12
Chondrus crispus 37.50 ± 6.35 50.00 ± 3.66 25.33 ± 4.21 40.22 ± 1.11
Lomentaria catenata 51.06 ± 6.99 25.48 ± 5.44 75.00 ± 9.11 51.09 ± 5.98
Martensia denticulata 86.58 ± 3.33 22.50 ± 1.11 62.34 ± 9.12 25.07 ± 5.55
Chondria crassicaulis 10.00 ± 0.55 63.57 ± 3.12 25.00 ± 0.21 50.00 ± 3.22
Laurencia okamurae 50.06 ± 0.55 62.50 ± 9.11 42.50 ± 1.12 37.50 ± 1.12
Chondrophycus undulatus 50.22 ± 5.00 41.00 ± 1.00 66.67 ± 3.22 16.67 ± 0.01
Polysiphonia japonica 13.00 ± 3.00 15.00 ± 2.00 18.02 ± 5.33 23.99 ± 4.11

1)20ME: methanolic extract at 20°C, 2)70ME: methanolic extract at 70°C, 3)20AE: aqueous extract at 20°C, 4)70AE: aqueous extract at
70°C, 5)Mean  ± SE of determinations was made in triplicate experiments.



extracts exhibited relatively lower activities. Of the
methanolic extracts, Martensia denticulate 70ME and
Carpopeltis affinis 70ME showed relatively higher
scavenging activity (73.80 and 68.81%, respectively).
Hydrogen peroxide itself is not very reactive; however it
can sometimes be toxic to cell because it may give rise to
hydroxyl radical in the cells. Addition of hydrogen
peroxide into living cells can lead to metal ion-
dependent hydroxyl radicals mediated oxidative DNA
damage. In our previous study (Heo et al. 2005a, b, c),
water-soluble enzymatic extracts from Sargassum horneri
have high scavenging activity on hydrogen peroxide and
inhibitory effect on DNA damage. Siriwardhana et al.
(2003) and Karawita et al. (2005) also recorded aqueous
and organic extracts of Hizikia fusiformis exhibited higher
hydrogen peroxide scavenging effects.

DPPH free radical scavenging activity
DPPH is a free radical generating compound and has

been widely used to evaluate the free radical scavenging
ability of various antioxidative compounds (Hatano et al.
1989). The effect of antioxidant on DPPH radical
scavenging was thought to be due to their hydrogen
donating ability (Ilhami et al. 2004). The reduction
capability of DPPH radical was determined by the
decrease induced by antioxidative compounds and those
results are shown in Table 4. Among them, Polysiphonia
japonica 20ME showed the highest scavenging activity
(94.92%) and P. japonica 70ME also exhibited similar
scavenging activity (93.86%) on DPPH free radical.
Moreover, Ahnfeltiopsis flabelliformis 20ME and
Lithophyllum okamurae 70ME also showed higher DPPH
free radical scavenging activities (88.07 and 75.75%,
respectively). Of the tested samples, methanolic extracts
recorded a little higher than that of aqueous extracts (less
than 50%). Many reports have recently described the
ability to scavenge DPPH free radical on seaweeds.
Athukorala et al. (2003) and Heo et al. (2005a, b, c) also
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Table 3. Hydrogen peroxide scavenging activity of methanolic and aqueous extracts from red algae in Jeju Island

Scientific name
Hydrogen peroxide scavenging activity (%)

20ME1) 70ME2) 20AE3) 70AE4)

Porphyra tenera 7.40 ± 0.035) 12.29 ± 0.04 2.31 ± 0.07 3.72 ± 0.08
Scinaia okamurae 1.72 ± 0.21 9.48 ± 0.00 2.03 ± 0.09 5.10 ± 0.06
Bonnemaisonia hamifera 7.75 ± 0.16 4.50 ± 0.03 5.40 ± 0.11 10.14 ± 0.02
Gelidium amansii 1.55 ± 0.10 3.97 ± 0.12 4.00 ± 0.16 6.66 ± 0.01
Pterocladiella capillacea 5.64 ± 0.03 15.23 ± 0.02 12.91 ± 0.29 3.88 ± 0.01
Lithophyllum okamurae 5.19 ± 0.04 14.40 ± 0.03 15.05 ± 0.17 0.15 ± 0.04
Carpopeltis affinis 26.29 ± 0.05 68.81 ± 3.11 18.09 ± 0.02 0.17 ± 0.01
Prionitis cornea 32.29 ± 0.05 18.82 ± 0.49 6.60 ± 0.18 7.97 ± 0.09
Grateloupia filicina 12.39 ± 0.02 16.54 ± 0.02 85.35 ± 0.33 0.80 ± 0.00
Sinkoraena lancifolia 18.78 ± 3.33 21.38 ± 2.00 6.20 ± 0.05 1.65 ± 0.01
Halymenia dilatata 10.92 ± 0.00 7.48 ± 0.01 1.28 ± 0.04 7.96 ± 0.01
Grateloupia elliptica 19.77 ± 0.05 15.80 ± 0.01 5.01 ± 0.20 1.42 ± 0.75
Grateloupia lanceolate 15.91 ± 0.02 15.08 ± 0.33 48.35 ± 1.66 2.13 ± 3.33
Gloiopeltis furcata 9.64 ± 0.04 8.06 ± 0.01 7.36 ± 0.31 1.95 ± 0.02
Schizymenia dubyi 18.69 ± 0.07 10.48 ± 0.01 6.76 ± 0.20 9.35 ± 0.21
Phacelocarpus sp. 0.69 ± 0.04 25.21 ± 0.01 0.94 ± 0.00 24.09 ± 0.19
Gracilaria textorii 5.03 ± 0.03 11.14 ± 0.02 8.21 ± 0.03 1.37 ± 0.03
Gracilaria verrucosa 12.39 ± 0.05 14.04 ± 0.11 2.40 ± 0.01 3.02 ± 0.01
Ahnfeltiopsis flabelliformis 55.44 ± 1.11 14.04 ± 0.02 2.40 ± 0.00 3.02 ± 0.04
Chondrus crispus 3.80 ± 0.04 6.97 ± 0.06 5.72 ± 0.18 0.28 ± 0.01
Lomentaria catenata 6.71 ± 0.05 17.95 ± 0.01 43.71 ± 0.05 34.72 ± 0.03
Martensia denticulata 59.54 ± 0.01 73.80 ± 0.02 43.71 ± 0.66 34.72 ± 1.12
Chondria crassicaulis 17.96 ± 3.00 3.87 ± 0.11 0.41 ± 0.00 1.35 ± 0.03
Laurencia okamurae 2.68 ± 1.22 6.73 ± 2.11 11.36 ± 0.41 0.59 ± 0.00
Chondrophycus undulatus 6.53 ± 0.05 16.55 ± 0.10 9.92 ± 0.35 1.62 ± 0.00
Polysiphonia japonica 13.72 ± 0.17 2.98 ± 0.09 7.46 ± 0.02 0.17 ± 0.02

1)20ME: methanolic extract at 20°C, 2)70ME: methanolic extract at 70°C, 3)20AE: aqueous extract at 20°C, 4)70AE: aqueous extract at
70°C, 5)Mean  ± SE of determinations was made in triplicate experiments.



reported that each seaweed organic and aqueous extract
have positive effect in DPPH free radical scavenging. 

Determination of total phenolic compounds
Phenolic compounds are very important constituents

because of their scavenging ability due to their hydroxyl
groups. Many researchers reported that phenolic
compounds were associated with DPPH fee radical
scavenging activity. This study also reported the total
phenolic contents for comparing with DPPH free radical
scavenging activity. As shown in Table 5, only
Polysiphonia japonica (20ME and 70ME) showed a positive
correlation between DPPH free radical scavenging
activity and polyphenolic contents, which values are
176.90 and 133.60 mg/g, respectively. A number of
researches have point out that seaweed polyphenols are
associated with antioxidant activity and play an
important role in stabilizing lipid peroxidation (Yen et al.
1993). Phenols are particularly effective antioxidants for

polyunsaturated fatty acid; in fact they easily transfer a
hydrogen atom to lipid peroxyl radicals and form the
aryloxyl, which being incapable of acting as a chain
carrier, couples with another radical thus quenching the
radical process (Ruberto et al. 2001).

In conclusion, the methanolic and aqueous extracts of
the examined red algae contain antioxidative
compounds that can strongly scavenge ROS such as
hydroxyl radical, superoxide anion, hydrogen peroxide,
and DPPH free radical. These results indicate that the
metanolic and aqueous extracts can be used as easily
accessible source of natural antioxidants and as a
possible food supplement or in pharmaceutical industry.
However, the responsible compounds related to the
antioxidant activity of the algal extracts are not yet
cleared. Therefore, it is suggested that further works
should be performed on the isolation and identification
of the antioxidant component in seaweeds.
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Table 4. DPPH free radical scavenging activity of methanolic and aqueous extracts from red algae in Jeju Island

Scientific name
DPPH free radical scavenging activity (%)

20ME1) 70ME2) 20AE3) 70AE4)

Porphyra tenera 40.58 ± 0.735) 40.93 ± 0.73 18.85 ± 0.98 27.02 ± 0.90
Scinaia okamurae 17.75 ± 1.01 22.03 ± 0.96 33.64 ± 0.80 26.14 ± 0.89
Bonnemaisonia hamifera 26.00 ± 0.90 57.98 ± 0.31 31.18 ± 0.84 14.29 ± 1.05
Gelidium amansii 33.63 ± 0.81 49.98 ± 0.65 25.56 ± 0.91 22.58 ± 0.95
Pterocladiella capillacea 24.14 ± 0.93 44.67 ± 0.68 20.44 ± 0.97 18.30 ± 0.99
Lithophyllum okamurae 24.12 ± 0.93 75.75 ± 0.31 32.51 ± 0.81 23.07 ± 0.93
Carpopeltis affinis 15.28 ± 1.17 22.47 ± 1.07 28.62 ± 1.04 5.53 ± 1.33
Prionitis cornea 46.39 ± 0.69 13.06 ± 1.06 39.35 ± 0.74 20.90 ± 0.97
Grateloupia filicina 20.60 ± 1.09 31.24 ± 0.95 13.95 ± 1.22 12.31 ± 1.24
Sinkoraena lancifolia 29.52 ± 0.97 38.71 ± 0.84 12.82 ± 1.24 10.34 ± 1.26
Halymenia dilatata 29.00 ± 0.87 57.73 ± 0.52 21.42 ± 0.95 24.79 ± 0.91
Grateloupia elliptica 24.56 ± 1.04 20.29 ± 1.10 9.61 ± 1.21 3.71 ± 1.36
Grateloupia lanceolate 37.94 ± 0.86 45.96 ± 0.75 15.40 ± 1.19 29.48 ± 1.04
Gloiopeltis furcata 29.85 ± 0.86 57.16 ± 0.53 20.77 ± 0.96 33.59 ± 0.80
Schizymenia dubyi 45.61 ± 0.67 31.45 ± 0.84 29.92 ± 0.86 29.54 ± 0.85
Phacelocarpus sp. 51.54 ± 0.59 42.15 ± 0.42 14.93 ± 1.05 27.92 ± 0.88
Gracilaria textorii 18.01 ± 1.13 22.51 ± 1.08 10.55 ± 1.26 13.29 ± 1.22
Gracilaria verrucosa 29.65 ± 0.97 36.75 ± 0.84 6.98 ± 1.31 11.18 ± 1.26
Ahnfeltiopsis flabelliformis 88.07 ± 0.17 19.97 ± 1.10 5.53 ± 1.33 9.01 ± 1.28
Chondrus crispus 16.35 ± 1.03 30.25 ± 0.86 19.12 ± 0.97 17.54 ± 0.99
Lomentaria catenata 22.17 ± 0.96 49.15 ± 0.65 47.99 ± 0.63 16.24 ± 1.01
Martensia denticulata 18.11 ± 1.01 50.42 ± 0.64 44.51 ± 0.67 15.67 ± 1.02
Chondria crassicaulis 44.97 ± 0.76 48.85 ± 0.71 18.80 ± 1.15 22.39 ± 1.10
Laurencia okamurae 12.67 ± 1.20 12.33 ± 1.22 11.22 ± 1.25 26.61 ± 1.07
Chondrophycus undulatus 31.48 ± 0.84 48.80 ± 0.63 24.99 ± 0.92 21.40 ± 0.96
Polysiphonia japonica 94.92 ± 0.06 93.86 ± 0.08 30.37 ± 0.85 37.41 ± 0.77

1)20ME: methanolic extract at 20°C, 2)70ME: methanolic extract at 70°C, 3)20AE: aqueous extract at 20°C, 4)70AE: aqueous extract at
70°C, 5)Mean  ± SE of determinations was made in triplicate experiments.
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Table 5. Total phenolic contents of methanolic and aqueous extracts from red algae in Jeju Island
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20ME1) 70ME2) 20AE3) 70AE4)

Porphyra tenera 26.78 ± 3.215) 34.61 ± 1.31 10.14 ± 0.33 9.21 ± 0.12
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Gelidium amansii 24.06 ± 0.09 24.67 ± 1.00 7.28 ± 1.02 7.00 ± 1.00
Pterocladiella capillacea 23.97 ± 1.97 37.89 ± 1.06 13.80 ± 1.11 8.36 ± 0.12
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Carpopeltis affinis 31.80 ± 0.01 38.08 ± 0.01 18.39 ± 0.03 14.36 ± 0.05
Prionitis cornea 10.42 ± 0.05 4.75 ± 0.03 8.08 ± 0.06 8.50 ± 1.02
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Gloiopeltis furcata 61.18 ± 1.02 51.11 ± 1.06 13.14 ± 0.66 8.92 ± 0.11
Schizymenia dubyi 13.10 ± 0.03 29.92 ± 1.11 8.83 ± 0.05 7.28 ± 0.05
Phacelocarpus sp. 17.74 ± 0.45 11.88 ± 0.06 4.85 ± 0.05 19.28 ± 1.00
Gracilaria textorii 17.03 ± 0.01 71.63 ± 0.90 13.00 ± 0.05 7.05 ± 0.01
Gracilaria verrucosa 21.63 ± 0.12 23.31 ± 1.21 8.46 ± 1.01 10.24 ± 1.11
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Chondrophycus undulatus 7.14 ± 0.05 26.27 ± 1.11 11.60 ± 0.32 7.61 ± 0.88
Polysiphonia japonica 176.90 ± 1.11 133.60 ± 1.11 10.85 ± 0.98 8.27 ± 0.66

1)20ME: methanolic extract at 20°C, 2)70ME: methanolic extract at 70°C, 3)20AE: aqueous extract at 20°C, 4)70AE: aqueous extract at
70°C, 5)Mean  ± SE of determinations was made in triplicate experiments.
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INTRODUCTION

Undaria pinnatifida (Harvey) Suringar is an annual
brown alga that is composed of haptera, stipes, blades
and sporophylls. The sporophyte generally grows to 1.5-
2 m, sometimes up to 3 m, within a year and shows het-
eromorphic alternation of generation. The microscopic
gametophyte is dioecious. U. pinnatifida produces vari-
ous polysaccharides including fucoidan.

Fucoidan is a group of marine sulfated polysaccha-
rides containing large proportions of L-fucose and sul-
fate, together with minor amounts of other sugars like
xylose, galactose, mannose and glucuronic acid (Fig. 1).
These polysaccharides are known to display various bio-
logical activities such as anti-inflammatory (Angstwurm
et al. 1995; Maruyama et al. 2005), antiviral (Preeprame et
al. 2001; Lee et al. 2004), and antioxidant activity
(Ruperez et al. 2002). Fucoidans also prevent Helicobacter
pylori infection and reduce the risk of associated gastric
cancer (Shibata et al. 2003). For these reasons, production
and applications of fucoidans as therapeutic agents have

been increasingly important topics of intensive research-
es.

Undaria pinnatifida is cultivated widely in Korea, China
and Japan where it is a commercially important food
(Guiry and Blunden 1991). In Korea, U. pinnatifida culti-
vation and marketing in 2005 recorded about 286,611
metric tons (wet) and 44,000,000 US$ (44,326,784,000
won). There are two different forms of U. pinnatifida that
are commercially cultivated in Korea, i.e. U. pinnatifida f.
typica (southern form) and U. pinnatifida f. distans (north-
ern form) (Okamura 1936, Kang 1968). Compared to the
southern form, the northern form has a longer stipe with
sporophylls arising from the lower region with a deeply
divided blade (Lee and Sohn 1993; Ohno and Matsuoka
1993). A new form of U. pinnatifida originated from
Samcheok on the east coast of Korea is recently cultivat-
ed in Korea (Samcheok form). 

In this study, we isolated and compared the amount of
fucoidans from three forms (southern, northern, and
Samcheok forms) of U. pinnatifida that are cultivated in
Korea, and also compared the monosaccharide composi-
tions in the isolated fucoidans. 
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MATERIALS AND METHODS

Seaweed materials
Three different forms of Undaria pinnatifida were col-

lected from an aquaculture area in Gijang near Busan, on
the southeastern cost of Korea, on January 20 2005:
southern form (U. pinnatifida f. typica), northern form (U.
pinnatifida f. distans), and Samcheok form. The former
two species have been domestically cultivated, and the
latter had been naturally grown in Samcheok and was
cultivated from 2004 winter for the first time. 

Extraction of fucoidans
Extraction of fucoidan was performed as described by

Kim et al. (2004). Edible portions of wet Undaria were
taken out, freeze-dried and then cut into appropriate
sizes (~ 3 × 3 cm). One hundred g of the sample were
suspended in 1 L of 0.1 N HCl and allowed to stand for
24 h at room temperature. After filtration through Scotch
Bright pad, the filtrates obtained were neutralized with
NaOH and re-filtered to remove insoluble debris. The
retentate (about 20 g) was, on the other hand, subjected
to re-extraction for 2 h at 70°C with 5 vol. of 0.2 N HCl.
The filtrates were pooled together and concentrated at
60°C to 1 L by vacuum evaporation. To this, 3 volume of
95% ethanol was added under the gentle stirring and
allowed to stand for 2 h at ambient temperature. After
centrifugation at 8,000 x g for 15 min at 4°C, the precipi-
tates were completely dissolved in appropriate volume
of distilled water (dH2O) by adjusting the pH to 2 with
HCl. To this, CaCl2 was added to the final concentration
of 2 M and the mixture was centrifuged as above. The
supernatant obtained was treated with 3 volume of 95%
and centrifuged. The precipitates were dissolved in
dH2O and repeatedly flash-evaporated (N-1000, Eyela

Co., Japan) to remove residual ethanol, re-dissolved in
dH2O (pH 2), dialyzed at 4°C (MWCO 14,000 Da) for 48
h and then freeze-dried.

Acid hydrolysis of fucoidans for monosaccharide com-
position analysis

To determine the monosaccharide compositions of
fucoidans obtained from three different samples, 50 mg
each of fucoidans was dissolved in 1 ml of dH2O, and
equal volume of 4 M trifluoroacetic acid (TFA) was
added and allowed to stand for 4 h at 100°C under gentle
stirring. After the reaction, the mixture was filtered
through 0.45 µm syringe filter and vacuum dried using
Speed-Vac (Module spin 40, Biotron, Korea). The dried
material was re-dissolved in 0.1 ml of dH2O and dried.
This was repeated three times to completely remove any
residual TFA.

Monosaccharide analysis by HPAEC-PAD
The monosaccharide analysis of TFA-hydrolyzed

fucoidans was performed by HPAEC (High Performance
Anion-Exchange Chromatography) using BioLC (DX 500
Chromatography System, Dionex Co., USA) equipped
with pulsed amperometric detector (ED 50, Dionex Co.,
USA). The dried sample was dissolved in 0.1 ml of dH2O
and filtered through microspin filters (0.45 µm, PGC
Scientifics, Frederick, MD). After the filtration, 20 µL of
the sample were injected and fractionated on a CarboPac
PA-1 column (4 × 250 mm, Dionex Co., USA) which was
pre-equilibrated with 100 mM NaOH and eluted in an
isocratic mode at a rate of 1 ml/min. The fucoidan pur-
chased from Sigma (USA) was acid hydrolyzed in the
same way as above and used as a reference. L-fucose, D-
glucose, and D-galactose (Sigma Co. St Luis, USA) were
used as standard monosaccharides. All the reagents used
for fucoidan extraction and carbohydrate analysis were
of ACS grade. 

RESULT AND DISCUSSION

Fucoidans were isolated from three forms of Undaria
pinnatifida: the southern form (U. pinnatifida f. typica), the
northern form (U. pinnatifida f. distans) and Samcheok
form. From 100 g each of dried samples, 1.09 g, 2.08 g
and 3.83 g of fucoidans were extracted with the yield of
1.0%, 2.1% and 3.8% in dry mass, respectively (Table 1).
Samcheok form contained 1.8 and 3.5 times more
fucoidans than the northern and the southern form,
respectively. On the other hand, overall yields of
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Fig. 1. A typical structure of fucoidan derived from Cladosiphon
okamuranus (Adapted from Sakai et al. 2003).



fucoidans extraction from these three forms in this work
were somewhat lower comparing with about 4.8% yield
that was previously reported from Japanese brown algae
(Nishide et al. 1987; Nishino et al. 1989). They are also
lower comparing with 4.8% yield from the Korean sea
tangle (Laminaria religiosa) that was collected in Busan
area (Koo et al. 1995). The reason for these low extraction
yields was possibly due to the differences in cultivation
area, times of collection, degree of maturation, etc. (Koo
et al. 1995).

Monosaccharide composition analysis of extracted
fucoidans was performed by HPAEC/PAD (BioLC)
analysis after 2 M TFA hydrolysis. Each monosaccharide
was quantified by comparing the peak area of sample
sugar to that of standard monosaccharide of known
amount. The fucoidan of the southern form was also
turned out to be F-type as it contained mainly fucose

(83.5%) and galactose (16.5%) (Fig. 2 and Table 2). The
northern form was shown to be composed of mainly
fucose and galactose with 87.4% and 12.6%, respectively,
indicating that the fucoidan of this species is also F-type
fucoidan (Fig. 3 and Table 2). The fucoidan from
Samcheok form, however, consisted of fucose (62.7%),
galactose (32.9%), and small amount of glucose (4.4%)
(Fig. 4 and Table 2). 

The results of this study showed that both amounts
and monosaccharide compositions of fucoidans were
variable depending on U. pinnatifida forms. Three forms
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Table 1. Yields of fucoidans extracted from three forms of
Undaria pinnatifida that were cultivated in Korea

Forms Dry Weight Fucoidan Yield 
(g) (g) (% in mass)

southern form 100 1.09 1.0
(U. pinnatifida f. typica)
northern form 100 2.08 2.1
(U. pinnatifida f. distans)
Samcheok form 100 3.83 3.8
(U. pinnatifida)

Fig. 2. HPAEC-PAD analysis for monosaccharide composition
of the fucoidan extracted from southern form (U. pinnatifida
f. typica). Acid hydrolysis of fucoidan was performed with
2 M triflouroacetic acid for 4 h at 100°C and the
hydrolysates were analyzed by HPAEC-PAD using Bio-LC
(Dionex) as described in the text. Symbol: a, L-fucose; b, D-
galactose. 

Fig. 3. HPAEC-PAD analysis for monosaccharide composition
of the fucoidan extracted from northern form (U. pinnatifida
f. distans). Acid hydrolysis of fucoidan and monosaccharide
analysis was performed as described in the legend of Fig. 2.
Symbol: a, L-fucose; b, D-galactose. 

Fig. 4. HPAEC-PAD analysis for monosaccharide composition
of the fucoidan extracted from Samcheok form of U. pinnat-
ifida. Acid hydrolysis of fucoidan and monosaccharide
analysis was performed as described in the legend of Fig. 2.
Symbol: a, L-fucose; b, D-galactose; c, D-glucose.



were cultivated in the same area and collected at the
same time. Therefore, the difference of cultivation area or
collection time was not the parameters affecting the
fucoidan contents and monosaccharide compositions.
The southern form and the northern form showed the
same mitochondria 23S rDNA sequences (Muraoka and
Saitoh. 2005). The mitochondria 23S rDNA of Samcheok
form and other genes of those three forms of U. pinnatifi-
da need to be sequenced and compared to elucidate their
genetic variation. Specific biological functions of these
three types of fucoidans remained to be elucidated.
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Table 2. Monosaccharide composition of the fucoidan extracted
three forms of Undaria pinnatifida that were cultivated in
Korea

Forms Monomer Molar Ratio1) Relative 
Area (%)

southern form L-fucose 5.0 83.5
(U. pinnatifida f. typica) D-galactose 1.0 16.5

northern form L-fucose 6.9 87.4
(U. pinnatifida f. distans) D-galactose 1.0 12.6

Samcheok form L-fucose 01.91 62.7
D-galactose 1.0 32.9
D-glucose 00.13 04.4

1) The values were obtained from the area of each peak on the
HPAEC-PAD chromatogram of acid hydrolysate of the isolated
fucoidan.


