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IntroductIon

Compsopogon Montagne 1846, a red macroalga, lives 
in freshwater habitats, including springs, lakes, ponds, 
and streams. Species of the genus Compsopogon have 
also been reported in brackish waters and seawater 
coastal lagoons (Sheath and Vis, 2015; Rybak and Woy-
da-Ploszczyca, 2022). Compsopogon caeruleus (Balbis 
ex C. Agardh) Montagnes, which shows a free-floating 
or epilithic characteristics, has macroscopic branched 
filaments with uniseriate axes and branches, covered by 
clathrate polygonal cortical cells. Its distinct features in-
clude dark red, purple, blue, and olive-green (Necchi Jr. et 
al., 2013; Tomás et al., 2013; Nan et al., 2016; de Zabur-
lin et al., 2019).

Compsopogon caeruleus has a global distribution, 
especially in tropical and subtropical regions, and more 
rarely in temperate waters with locally elevated tempera-

tures (Taylor, 1960; Krishnamurthy, 1962; Nakamura 
and Chihara, 1983; Necchi Jr. et al., 1990, 1999; Millar 
and Kraft, 1993; Rintoul et al., 1999; Sherwood, 2004; 
Tomás et al., 2013; Nan et al., 2016).

Compsopogon caeruleus was documented in China (Xie 
and Ling, 1998) and in Japan (Kitayama, 2011), but not 
yet been reported in Korea, which could be a taxonomic 
missing linker. Molecular phylogenetic studies, covering 
globally derived samples of Compsopogon species have 
found low genetic diversity on inter-specific relationships, 
and those suggested that previous species reports basing 
on previously species reports basing on morphological 
characteristics should be readdressed (Necchi Jr. et al., 
2013; Nan et al., 2016). In this study, we first identified 
Compsopogon caeruleus in proliferating algal mats in an 
urban river (Yongin City, Korea) and examined its mor-
phological and molecular taxonomic characteristics.
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The filamentous freshwater red alga Compsopogon caeruleus (Compsopogonophyceae, Compsopogonaceae, 
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caeruleus from worldwide (98.6-100% (18S rDNA), 99-100% (rbcL) and 97.7-100% (cox1)). These 
sequences similarities support the identification of a red alga found in Korea as Compsopogon caeruleus. 
This new geographical report provides the useful information for understanding the distribution and habitat 
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MaterIals and Methods

Samples of Compsopogon caeruleus were collect-
ed from a filamentous mat in an urban stream, Seong-
bok Stream in Yongin-si, Gyeonggi-do, Korea (37° 
191ʹ10.35ʺN, 127°03ʹ42.98ʺE) during early summer on 
the shallow area at the edge of the stream (Fig. 1). All 
specimens (NIBRRD0000010748-50) were deposited at 
the algal herbarium of the National Institute of Biolog-
ical Resources (NIBR) in Incheon, Korea. Morphologi-
cal observation was conducted using a light microscope 

(Olympus BX50, Japan) and a stereo-microscope (Nikon, 
Japan).

For species identification via DNA analysis, we isolated 
a small piece (<0.5 cm) of a single-filament specimen for 
DNA extraction. Total genomic DNA was extracted us-
ing a DNeasy Plant Mini Kit (Qiagen, Germantown, MD, 
USA) according to previously described protocols with 
some modifications (Lee and Lee, 2018). Multiple mo-
lecular markers including the nuclear small subunit ribo-
somal RNA coding gene (18S rDNA), plastidial rbcL and 
mitochondrial cox1 gene sequences, were used for DNA 
barcoding of Compsopogon species (Necchi Jr. et al., 
2013). New primers were designed to amplify the rbcL 
region using the plastid genome of Compsopogon caeru-
leus (GenBank accession number: NC_035350): forward 
primer (rbcL-comp-190F; 5ʹ-GAATCTTCTACAG-
CAACTTGGAC-3ʹ) and reverse primer (rbcL-comp-
1352R; 5ʹ-GCATCTCTTATTATTTGAGGACC-3ʹ). 
Forward primer GazF1 and reverse primer GazR1 were 
used to amplify the cox1 gene (Saunders, 2005). The 18S 
rDNA region was amplified using primers A/SSU-inR1 

(Lee et al., 2010). 
PCR was performed with an initial denaturation step at 

94°C for 3 min followed by 40 cycles at 94°C for 30 s, 
50°C for 30 s, and 72°C for 1 min, and a final extension 
step at 72°C for 7 min. The AmfiXp PCR Master Mix 

(GenDEPOT, Katy, TX, USA) was used for the PCR, 
and the products were sequenced using a commercial se-
quencing service (Macrogen, Seoul, Korea). Chromato-
grams were assembled using Sequencher 5.4.6 (Gene 
Codes, Ann Arbor, MI, USA). The 18S rDNA, rbcL and 
cox1 gene sequences were compared to a public database 
using a BLAST search in GenBank at the National Cen-
ter for Biotechnology Information (NCBI). For molecular 
phylogenetic analyses, reference sequences for rbcL gene 
were obtained from GenBank at NCBI (Fig. 2). Phylo-
genetic analyses were performed using MEGA version 
6 (Tamura et al., 2013), employing the neighbor-joining 
method with 2,000 bootstrap replicates. Pairwise distanc-
es were calculated using Kimura’s two-parameter method. 
Boldia species were selected as the outgroup.

result

1.  Species identification using 18S rDNA, rbcL and 
cox1 gene sequences

DNA sequences of 18S rDNA, rbcL and cox1 were 
amplified from red algal specimen collected in Yongin, 
Korea. The sequences identified were 485 bp for 18S 
rDNA (GenBank accession number PP471840), 1103 
bp for rbcL (GenBank accession number; PP477321), 
and 664 bp for the cox1 gene (GenBank accession num-
ber; PP477322). The Korean red algae sample collected 
from Yongin showed high sequence identity with Com-
psopogon caeruleus in the database of GenBank (NCBI) 
reported from worldwide basing on 18S rDNA, rbcL and 
cox1 gene sequence analyses. From the BLAST search, 
the 18S rDNA sequence showed high sequence similar-
ity (98.6-100%) with 12 individuals of Compsopogon 
caeruleus. Some 18S rDNA sequences under different 
species names of Compsopogonaceae also showed 100% 
identity including Compsopogon hookeri (AJ880416) and 
Compsopogonopsis leptoclados (AF087123, AF087125) 
with Korean Compsopogon caeruleus. Boldia erythro-

Fig. 1. Collection site of Compsopogon caeruleus from Korea. A. 
Location of urban stream in Yongin City. B. Sampling location 
and habitat of C. caeruleus (arrowhead).
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siphon (Compsopogonales; Boldiaceae) showed 90.5% 

(AF055299) and 95.4% (AF168631) sequence identity 
with the isolates (Table 1). 

The rbcL gene sequence also showed high sequence 
identity with many individuals of Compsopogon caerule-
us (99-100%, Fig. 2). The rbcL sequence of Korean Com-
psopogon caeruleus showed 99.6% and 99.2% sequence 
identity with Compsopogonopsis leptoclados (AF087115, 
AF087120). Boldia erythrosiphon (AF087121, AF087122, 
NC_034776) and Pulvinaster venetus (NC_062387) were 
more distantly related to Compsopogon species, with se-
quence identities of 83.9-84.6% and 88.1%, respectively. 
The cox1 gene sequences showed 97.7-100% identity 
with 19 reported cox1 sequences of Compsopogon caeru-
leus. Compsopogon hookeri (OP747576) also had 100% 
identity. Pulvinaster venetus (NC_062399) was distantly 
related to Compsopogon caeruleus with 79% sequence 

identity.

2.  Morphological description of  
Compsopogon caeruleus

Compsopogonophyceae G.W. Saunders & Hommersand, 
2004 붉은털홍조강

Compsopogonales Skuja, 1939 보라털목 (국명 신칭)

Table 1. Intra/interspecific DNA sequences similarity among 
Compsopogon caeruleus and related species. 

C. caeruleus Boldia erythrosiphon Pulvinaster venetus 

18S rDNA 98.6-100% 90.5-95.4% -

rbcL 99-100% 83.9-84.6% 88.1%
cox1 97.7-100% - 79%

Fig. 2. Phylogenetic relationship of Korean Compsopogon caeruleus as first reported in this study. The neighbor-joining tree is constructed 
and the bootstrap value percentages (>50%) are indicated on the branches.
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Compsopogonaceae F. Schmitz, 1896  
보라털과 (국명 신칭)

Compsopogon Montagne, 1846 보라털속 (국명 신칭)

Compsopogon caeruleus (Balbis ex C. Agardh)  
Montagne, 1846 보라털 (국명 신칭)

Fig. 3. Morphology of Compsopogon caeruleus. A. Dried specimen (NIBRRD00000010748). B. Tufted filamentous features. C. One indi-
vidual body branching. D. The non-corticated young part of body. E. Apical cell of filament. F. Uniseriate part surrounded by cortical layer. 
G-H. Polygonal cortical cells (arrowhead indicates monosporangia). Scale bar: B. 500 μm, C. 2 mm, D-G. 50 μm, H. 100 μm.
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Fronds are minute, densely tufted, purple to red, green 
in color (Fig. 3A). Thalli are branched filaments, with 
the main axis and primary or secondary laterals, up to 8 
cm in length (Fig. 3B). 

The main axial filaments are uniseriate and composed 
of nodal cells. The branches are thinner than the main 
axis and become thinner toward the tip. The laterals are 
occasionally constricted abruptly at the base attached to 
the node (Fig. 3C). The size of the cell is up to 83-120 

μm in length, 208-280 μm in width in axial part, and 
the 38-42 μm in length, 111-173 μm in width in prima-
ry branches, 13-24 μm in length, 44-48 μm in width in 
secondary branches.

The young part of each branch is composed of only 
axis cells without any cortex and is round at the apex 

(Fig. 3D, E). The main axis is surrounded by a 1-2 row 
cortical layer in the mature part (Fig. 3F). Cortex is 
composed of polygonal cells, 22-28 μm in diameter (Fig. 
3G). Monosporangia are spherical with dense contents, 
solitary, which are located in cortical layer (Fig. 3H).
Specimens examined: NIBRRD0000010748, NIBRRD 
0000010749, and NIBRRD0000010750; Gyeonggi-do 
Yongin-si, Seongbok-dong 410-9; 04 July 2023.
Accession numbers: PP471840 (18S rDNA), PP477321 

(rbcL), and PP477322 (cox1) (sequences derived from 
NIBRRD0000010748).
Basonym: Conferva caerulea Balbis ex C. Agardh 1824.
Synonyms:
Compsopogon aegyptiacus Aleem 1981; Compsopogon 
aeruginosus (J. Agardh) Kützing, 1849: 433; Com-
psopogon chalybeus Kützing 1849; Compsopogon corti-
crassus Chihara and Nakamura 1980: 136; Compsopogon 
hoohri Montagne 1846: 157; Compsopogon iyengarii 
Krishnamurthy 1958: 402; Compsopogon lusitanieus 
Reis 1977: 91; Compsopogon minutus Jao 1941: 5; Com-
psopogon oishii Okamura 1915: 128; Compsopogon pro-
lificus Yadava and Kumano 1985; Compsopogon sparsus 
Xie and Ling 1998: 1; Compsopogon tenellus Xie and 
Ling 1998: 1; Compsopogonopsis leptoclados (Montagne) 
Krishnamurthy 1962: 219; Compsopogonopsis japoni-
ca Chihara 1976: 289 (Vis et al., 1992; Necchi and Dip, 
1992; Rintoul et al., 1999; Sheath and Sherwood, 2002; 
Kitayama, 2011; Necchi et al., 2013). 
According to Necchi et al. (2013), only Compsopogon 
caeruleus is a correct name and other previously pub-
lished species names under Compsopogon and Com-
psopogonopsis are synonyms.
Distribution and habit: Cosmopolitan, epilithic and ep-
iphytic, 
Africa: Algeria (Montagne, 1846); Asia: China (Hu and 
Wei, 2006; Nan et al., 2016), Japan (Kitayama, 2011), 
Indonesia (Johnston et al., 2014), Vietnam (Nguyen et 
al., 2013); Europe: Britain (Sheath and Sherwood, 2011), 
Germany (Täuscher, 2011); America: Florida (Taylor, 

1960), Louisiana (Taylor, 1960), Brazil (Nan et al., 2016); 
Australia: Australia (Eloranta et al., 2011); Pacific Islands: 
Hawaiian Islands (Sherwood, 2006).

dIscussIon

The freshwater red algal specimens collected from 
Yongin, Korea was identified as Compsopogon caeruleus 
through DNA sequences analyses of the 18S rDNA, rbcL 
and cox1 genes. This is the first report of Compsopogon 
caeruleus being identified in Korea. A BLAST search 
in GenBank (NCBI) revealed that DNA sequences un-
der different species names of Compsopogon and Com-
psopogonopsis showed high sequence identity with the 
Korean specimen. Specifically, the 18S rDNA gene se-
quences of Compsopogon hookeri (AJ880416) and Com-
psopogonopsis leptoclados (AF087123, AF087125) are 
100% identity, rbcL gene sequences of Compsopogon-
opsis leptoclados (AF087115, AF087120) showed 99.6% 
and 99.2% identity and cox1 of Compsopogon hook-
eri (OP747576) had 100% identity with Korean Com-
psopogon caeruleus.

Species within the genera Compsopogon and Com-
psopogonopsis (Compsopogonopsis leptoclados (Mon-
tagne) V.K. Krishnamurthy 1962, Compsopogon hookeri 
Montagne 1846) are regarded as synonyms of Com-
psopogon caeruleus (Necchi Jr. et al., 2013; Guiry and 
Guiry, 2022). Necchi Jr. et al. (2013) described the genus 
Compsopogon as a monospecific genus worldwide with 
Compsopogon caeruleus as the type species. Therefore, 
the sequence variation among species within the genus 
Compsopogon and Compsopogonopsis can be attribut-
ed to intraspecific variations of Compsopogon caeruleus 

(98.6-100% for 18S rDNA, 99-100% for rbcL and 97.7-
100% for cox1). The genetic information provides robust 
evidence for to identify the of Korean red algae found in 
this study as Compsopogon caeruleus. Genetic analysis of 
samples from 24 locations worldwide, including Atlantic 
and Mediterranean specimens, confirmed very low genet-
ic diversity (Nan et al., 2016).

Montagne first discovered this species in Algeria in 
1846, and it was later found in French Guinea. The dis-
covery of the freshwater red alga Compsopogon caerule-
us from an urban stream within the Yongin (Korea) pro-
vides new distribution information for this species in the 
East Asian region. The fronds of Korean Compsopogon 
caeruleus exhibited distinct morphological features such 
as green or blue-purple to red color, free floating tufted 
filaments, and a few mixed filaments coexisting with the 
dominant filamentous green algae community. Under an 
optical microscope, various green algae are found in a 
mixed state with Compsopogon caeruleus, so classifica-
tion and ecological research on them are needed in the 
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further study.
Morphological examination of Compsopogon caerule-

us revealed consistent traits, including frond color, branch 
pattern, and the shape of the main axis and cortex. These 
features align with previous reports (Xie and Ling, 1998; 
Kitayama, 2011; Nan et al., 2016; de Zaburlín, 2019).

The characteristics observed in our samples were with-
in species boundaries, except for sparse branching and 
smaller individuals compared to the Japanese species (up 
to 40 cm in length) (Zhixin et al., 2006; Kitayama, 2011). 
Our samples did not show the short spine-like branches 
that develop from the cortical layer, found in the Argen-
tinian species (de Zaburlín, 2019).

Our findings, supported by molecular and morphologi-
cal evidence enhance the understanding of the global dis-
tribution of Compsopogon caeruleus and its presence in 
urban riverine ecosystems. Hypothesized spore dispersal 
mechanisms include migratory birds and anthropogenic 
activities such as shipping, aquatic plant harvesting, ship 
ballast water, aquarium algae and fishing (Necchi et al., 
2013). Continuous monitoring of the domestic distribu-
tion of Compsopogon caeruleus is essential for identify-
ing the possibility of anthropogenic introduced species 
and the resulting impact on the ecosystem. 
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