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Abstract
A prostrate species of Codium (Bryopsidales, Chlorophyta) was collected from Daejin on the eastern coast of Korea. This 

alga is morphologically characterized by a prostrate, adherent or pulvinate, dark green thallus that is tightly attached to 

substratum. The utricles are strongly grouped and cylindrical to slightly clavate. Their apex is rounded to capitated, and 

it frequently has an alveolate ornament. Hair scars are found in the upper portion of the utricle. The gametangia grow 

on a short pedicel in the upper part of the utricle. In the phylogenetic tree based on molecular data, this alga is placed in 

the same clade as C. mozambiquense in UPGMA analysis, and nests in a sister clade of C. lucasii subsp. capense and C. 

mozambiquense in ML and NJ analyses. However, the genetic distance between the sequences of the Korean alga and the 

two species is 1.3–1.9%, while that between the Korean alga and C. lucasii from Japan is 1.1% within intraspecific range. 

The divergence value between the Korean alga and C. lucasii from the type locality (Australia) is 2.7% considered to be 

interspecific range. As based on this genetic divergence value, the Korean alga together with Japanese C. lucasii can be 

separated from genuine C. lucasii from the type locality. However, the Korean alga is identified as C. lucasii until those 

entities are morphologically characterized in species level. This is the first record of C. lucasii in Korea
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INTRODUCTION

Codium Stackhouse, which belongs to the order Bryop-

sidales J.H. Schaffner, is a green algal cosmopolitan genus 

distributed worldwide (Silva and Womersley 1956, Silva 

1962). This genus is comprised of about 140 species that 

grow on rocky or sandy habitats in temperate and tropical 

seas (Guiry and Guiry 2015). The thalli show various forms 

such as, erect dichotomously branched, carpet-like, mat-

like, spherical, pulvinate, and repent forms. However, the 

thallus structure is relatively simple, and it is composed 

of a medulla of a densely woven mass of coenocytic fila-

ments surrounded by a cortex of utricles (Silva and Wom-

ersley 1956). In the past, the taxonomy of Codium was 

based mainly on the morphology (Schmidt 1923, Silva 

1954, 1962, Oh et al. 1987), which made identification 

of the species in the genus difficult. Recently, molecular 

analyses have been used to improve the understanding 

of the taxonomy and phylogeny of the genus (Shimada et 

al. 2004, Verbruggen et al. 2007, Israel et al. 2010, Oliveira-

Carvalho et al. 2012, Verbruggen et al. 2012, Lee and Kim 

2015). Phylogenetic studies on Codium have been based 

on the rbcL gene that codes for the large subunit of the 

ribulose-1, 5-bisphosphate carboxylase–oxygenase en-

zyme (Shimada et al. 2004, González et al. 2012, Oliveira-

Carvalho et al. 2012). 

Received 12 October 2015, Accepted 03 November 2015

*Corresponding Author

E-mail: kwnam@pknu.ac.kr
Tel: +82-51-629-5922  

http://dx.doi.org/10.5141/ecoenv.2015.065

Research Paper

This is an Open Access article distributed under the terms of 
the Creative Commons Attribution Non-Commercial Licens 
(http://creativecommons.org/licenses/by-nc/3.0/) which 

permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.



J. Ecol. Environ. 38(4): 647-654, 2015

http://dx.doi.org/10.5141/ecoenv.2015.065 648

RESULTS AND DISCUSSION

Codium lucasii Setchell in Lucas 1935: 200-202

Korean name: Ju-reum-cheong-gak nom. nov. 

(신칭: 주름청각)

Specimens examined: NIBRAL0000152590, NIBRAL00 

00152591, PKNU0000143983, PKNU0000143984, PKNU00 

00143985, PKNU0000143986 (Daejin Harbor: 30 January 

2014). 
Habitat: Epilithic near the intertidal zone.

Morphology: The thallus is prostrate, adherent or pul-

vinate, dark green, firm in texture, and tightly attached 

to the substratum. The size of the thallus is 3–8 cm in 

diameter (Fig. 1a-1d). The utricles are strongly grouped, 

cylindrical to slightly clavate, 70–120 µm in diameter and 

450–910 µm long (Fig. 2a), and connected with each other 

by a siphon with a septum (Fig. 2a-2c). The apex of the 

utricle is rounded to capitated, and frequently alveolate 

(Fig. 2d). Its apical cell wall is 10–30 µm thick. One to three 

hair scars are found in the upper portion of the utricle 

(Fig. 2e). One to two gametangia are produced in the up-

per portion of the utricle. They are fusiform to ovoid and 

70–100 µm in diameter and 120–250 µm long, and grow 

on a short pedicel (Fig. 2f).

Codium lucasii was originally described from Bondi, 

New South Wales, Australia by Setchell in Lucas (1935). 

This species is characterized by a prostrate, adherent or 

pulvinate, dark green thallus that is tightly attached to 

substratum (Lucas 1935, Shimada et al. 2007, the present 

study). The Korean alga collected from Daejin in the pres-

ent study shares these features. According to Shimada 

et al. (2007), the morphology of the thallus and utricle 

apex are important criteria for identifying Codium spe-

cies. Codium lucasii is similar to the four Korean species, 

C. arabicum, C. coactum, C. dimorphum, and C. hubbsii, 

in having a prostrate and adherent thallus (Lucas 1935, 

Oh et al. 1987, Shimada et al. 2007, Kim and Klochkova 

2010, González et al. 2012, Lee and Kim 2015). Of these, 

C. hubbsii is the most similar to C. lucasii in showing fre-

quently aveloate utricle apex (Dawson 1950, Shimada et 

al. 2007, Lee and Kim 2015). However, the species are dis-

tinguished from each other by the thallus texture and the 

shape of the utricle apex. The thallus of C. lucasii is firm 

in texture and has clavate and cylindrical utricles with a 

capitated apex, while that of C. hubbsii is soft in texture 

and has elongated cylindrical utricles with depressed-glo-

bose tips. These interspecific morphological differences 

between the two species are also supported by molecular 

data. 

Twenty species of Codium are currently recorded in the 

marine algal flora of Korea (Kim et al. 2013). Of these, four 

species have prostrate and adherent thallus. A Codium 

species, which shows prostrate and adherent or pulvi-

nate form, was collected from Daejin Harbor on the east-

ern coast of Korea during a survey of indigenous species 

of marine algae. This alga is identified as Codium lucasii 
Setchell based on morphological and molecular analyses, 

and it is newly recorded in Korea here.

MATERIALS AND METHODS

Samples for the present study were collected from Dae-

jin Harbor, Korea in January of 2015. All specimens were 

preserved in 5–10% formalin seawater. Species identifica-

tion was based on thallus and utricle morphology (Silva 

and Womersley 1956). A portion of the sample was dried 

and preserved in silica gel. Total genomic DNA was ex-

tracted from silica gel-dried tissue samples. 

Total genomic DNA was extracted from silica-gel pre-

served samples using the DNeasy Plant Mini Kit (Qiagen, 

Hilden, Germany) according to the manufacturer’s pro-

tocol. Concentrations of extracted DNA were assessed 

by using gel electrophoresis on a 1% agarose gel. Ex-

tracted DNA was used for the amplification of Ribulose-1, 

5-bisphosphate carboxylase/oxygenase (rbcL) regions 

using published primers (Shimada et al. 2004, Verbrug-

gen et al. 2007). PCR amplifications were performed in a 

TaKaRa PCR Thermal Cycler Dice (TaKaRa Bio Inc., Otsu, 

Japan) with an initial denaturation step at 94°C for 4 min 

followed by 35 cycles at 94°C for 30 s, 52°C for 1 min, and 

72°C for 1 min and a final extension at 72°C for 7 min. The 

reaction volume was 20 μL, consisting of 20 ng of genomic 

DNA, 2 of 10x PCR buffer, 2 μL of 200 μM dNTP, 1 μL of 

each forward and reverse primer, and 0.5 μL of Taq poly-

merase (TaKaRa Bio Inc.). Amplifications were examined 

using gel electrophoresis in a 1% agarose. The PCR prod-

ucts were moved to Macrogen for sequencing (Macrogen, 

Seoul, Korea).

Sequences for the rbcL region were aligned using the 

ClustalW program within BioEdit (Hall 1999). Phyloge-

netic analyses were performed using the neighbor-join-

ing (NJ), maximum-likelihood (ML) and unweighted pair 

group method using arithmetic averages (UPGMA) meth-

ods. Bootstrap values were calculated with 1,000 replica-

tions for NJ and ML. rbcL sequences of other Codium spe-

cies were obtained from GenBank. Bryopsis maxima was 

used as an outgroup. 
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Africa, and that from the Arabian Sea (Verbruggen et al. 

2007; Verbruggen and Costa 2015). These geographically 

separated clusters with the genetic distance values sug-

gest that the Korean alga together with Japanese C. lucasii 

can be separated from genuine C. lucasii from the type lo-

cality. However, we could not find significant differences 

in morphology between the entities during the present 

study. Therefore, the Korean alga is identified as C. lucasii 

until those entities are morphologically characterized in 

species level. This is the first record of C. lucasii in Korea.
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rbcL regions have been used to analyze Codium species 

in many studies (Shimada et al. 2004, González et al. 2012, 

Oliveira-Carvalho et al. 2012). In a phylogenetic tree based 

on the molecular data, the Korean alga collected from 

Daejin Harbor is placed in the same clade as C. mozam-

biquense in UPGMA analysis (Fig. 5), and nests in a sister 

clade of C. lucasii subsp. capense and C. mozambiquense 

in ML and NJ analyses (Figs. 3-4). However, the genetic 

distance between the sequences of the Korean alga and 

the two species is 1.3–1.9%, while that between the Kore-

an alga and C. lucasii from Japan is 1.1%. The divergence 

value between the Korean alga and C. lucasii from the 

type locality (Australia) is 2.7%. It has been reported that 

the intra- and interspecific genetic distance ranges in Co-

dium are 0.0–1.1% and 1.8–12.3%, respectively (Shimada 

et al. 2007). As based on this divergence value, sequence 

of the Korean alga falls into the intraspecific range of C. 

lucasii from Japan. It has been known that C. lucasii is a 

complex of many species level clusters, such as that from 

Australia (type locality), that from Japan, that from East 

Fig. 1. Codium lucasii Setchell. (a, b) Herbarium specimen of Codium lucasii, (c, d) habit of vegetative plant. Scale bars are presented on the figures.
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Fig. 2. Codium lucasii Setchell. (a-c) Cylindrical to slightly clavate utricles connected by siphon (arrows) with a septum, (d) apex of utricle with alveolate 
ornament (arrow), (e) apex of utricle with hair scars (arrows), (f ) reproductive utricle with fusiform gametangia (arrows). Scale bars are presented on the 
figures.
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Fig. 3. Phylogenetic tree of Codium obtained from ML analysis based on rbcL sequences. Bootstrap percentages (1,000 replicates samples) are shown 
above branches. Scale bar, 0.05 substitutions/site.
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Fig. 4. Phylogenetic tree of Codium obtained from NJ analysis based on rbcL sequences. Bootstrap percentages (1,000 replicates samples) are shown 
above branches. Scale bar, 0.02 substitutions/site.
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Fig. 5. Phylogenetic tree of Codium obtained from UPGMA analysis based on rbcL sequences. Bootstrap percentages (1,000 replicates samples) are shown 
above branches. Scale bar, 0.02 substitutions/site.
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