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  Abstract         Lobophora   rosacea  C.W. Vieira, Payri et De Clerck is reported from the South China Sea for 
the fi rst time. Our specimens are very similar to  L .  rosacea  recently described from New Caledonia, not only 
in morphology but also in  rbcL  and  cox3  gene sequences. The fan-shaped thallus grows erectly, attaching 
to the substrate by a basal holdfast. The thallus is composed of a single layer of large medullary cells and 
three to four layers of cortical cells on both sides of the medulla. Mature sporophytes are detected, with 
sporangium sori scattered on both surfaces of the thallus. 

  Key  w  ord :  cox3 ;  rbcL ; Dictyotales;  Lobophora   rosacea ; molecular phylogeny; phaeophyceae 

 1 INTRODUCTION 

  Lobophora  spp. occur in tropical and subtropical 
seas around the world. The genus is characterized by 
a marginal row of meristematic cells and a single-
layered large central medulla, and lacks pharaphyses 
around the sporangial sori (Womersley, 1967, 1987). 
It is diffi  cult to identify species based on morphological 
criteria alone. Recent genetic analysis of  Lobophora  
has suggested that the species level divergence was 
considerably underestimated, and a dozen new species 
were described (Sun et al., 2012; Vieira et al., 2014; 
Schultz et al., 2015). At present, approximately 20 
 Lobophora  species are listed in AlgaeBase (Guiry and 
Guiry, 2015). 

 In the present study, we report an additional 
 Lobophora  species collected from the South China 
Sea, based on analysis of the  rbcL  and  cox3  gene 
sequences and morphological observations. 

 2 MATERIAL AND METHOD 

 2.1 Sampling and morphological analysis 

 New specimens were collected from two sites of 
Hainan Island (Fig.1) by snorkelling and SCUBA 
diving, and immediately stored in a cooler and 
desiccated in silica gel. Some specimens were dried 
and mounted on herbarium sheets. All specimens 
were deposited in the Marine Biological Museum of 
the Chinese Academy of Sciences (MBMCAS). For 
the morphological observations, the thalli were 
sectioned manually using a razor blade, and mounted 
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on glass slides in Karo Syrup/seawater. Photographs 
were taken with a digital camera (Keyence VB-7010, 
Tokyo, Japan) attached to a compound microscope 
(Olympus BX-51, Tokyo, Japan). 

 2.2 DNA sequencing and phylogenetic analysis 

 Genomic DNA was extracted from the silica gel-
dried specimens and herbaria, whose morphology 
was analyzed later, using a DNeasy ®  Plant Mini Kit 
(Qiagen, Hiden, Germany), according to the 
manufacturer’s instructions. Polymerase chain 
reaction (PCR) was carried out with a TaKaRa PCR 
Thermal Cycler Dice (Takara Shuzo, Shiga, Japan), 
using a Takara Ex Taq™ reaction kit according to the 
manufacturer’s instructions. Primers and PCR 
conditions were as those described by Sun et al. 
(2012). The PCR products were purifi ed with a Gel 
Extraction Mini Kit (Watson BioTechnologies Inc., 
Shanghai, China). The purifi ed products were then 
sequenced on an ABI 3730xl automatic sequencer 
(Shanghai Sangon Co., Ltd) from both strands with 
the same primers as those used for the PCR reactions. 

 The newly generated  Lobophora  sequences and 
those from the public databases were aligned with 
ClustalX (Thompson et al., 1997) and then manually 
adjusted. The best-fi t evolutionary model in each 
codon position of each gene was determined by 
comparing diff erent evolutionary models via the 
corrected Akaike information criterion (AIC; Akaike, 
1974) for maximum-likelihood (ML) analysis and the 

Bayesian analysis (Schwarz, 1978; Tanabe, 2007). 
ML analysis was conducted by the likelihood ratchet 
method (Vos, 2003), 100 sets of 25% site up-weighted 
data were created using the pgresampleseq command 
in Phylogears 1.5.2009.12.29 (Tanabe, 2010), and the 
ML trees with  up-weighted data were estimated in 
Treefi nder (Jobb et al., 2004) with the best-fi t model 
applied. The robustness of the resulting phylogenies 
was tested by bootstrap analysis (Felsenstein, 1985) 
using 1 000 replications in the ML analysis. Bayesian 
analysis was conducted in MrBayes v3.1.2 (Ronquist 
and Huelsenbeck, 2003) with the selected evolutionary 
models. The Bayesian analysis was initiated with a 
random starting tree and ran four Markov chain 
Monte Carlo (MCMC) iteration chains simultaneously 
for 10 000 000 generations, keeping one tree every 
100 generations. The fi rst 10 000 trees sampled were 
discarded as ‘burn-in’, based on the stationarity of ln 
L as assessed in Tracer version 1.4.1 (Rambaut et al., 
2014); a consensus topology and posterior probability 
values were calculated for the remaining trees. 

 3 RESULT 

 3.1 Molecular phylogenetic analysis 

 Although numerous specimens (individual number 
>30) were examined, only one new  rbcL  (1 353 bp, 
KT583622) and one new  cox3  sequence (609 bp, 
KT583623) were obtained. In total, 34  rbcL  sequences 
and 31  cox3  sequences were downloaded from GenBank, 
including 16 previously described  Lobophora  species. 
 Zonaria   diesingiana  J. Agardh and  Zonaria  sp. 
clustered as an outgroup in  rbcL  and  cox3  trees. The 
topological structure of two trees were similar. 

 All of the  Lobophora  sequences formed a large 
clade, and our sequences were embedded in the 
 Lobophora   rosacea  clade with a high bootstrap value. 
In the  rbcL  tree (Fig.2), the specimen (EU579955) 
from Guadeloupe, West Indies branched basally, and 
the specimen (EU579953) that identifi ed as  L . 
 papenfussii  (W. R. Taylor) Farghaly from the Solomon 
Islands (Bittner et al., 2008) were closely related to  L . 
 rosacea . In the  cox3  tree (Fig.3), the  L .  rosacea  clade 
branched basally in the larger  Lobophora  clade. 

 3.2 Morphological analysis and taxonomy 

  Habitat : Hard substrates in the subtidal zone 
2–5 m deep in moderately protected areas. 

 3.2.1 Specimens examined 

 Changpo, Qionghai, Hainan, 4 th  May, 2012, J. Yao 

110°

20°

30°

N

120°     E

Beibu Bay

Changjiang

Changpo
Hainan Is.

South China Sea

 Fig.1 Map showing the collection sites of the new specimens 
identifi ed in the present study 
 Changjiang: 19°22'N, 108°41'E; Changpo: 19°22'N, 110°40'E. 
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& Z. Sun (MBM510–520, MBMD616–619); 
Changjiang, Changhua, Hainan, 13 th  April, 2014, Y. 
Wang & Z. Sun (MBM730–740, MBMD1501–1512); 
Changjiang, Changhua, Hainan, 18 th  March, 2015, J. 
Yao & Z. Sun (MBM870–880, MBMD1590–1599). 

 3.2.2 Morphology 

 The plant grows erectly in the subtidal zone, 
attaching to the substrate by a basal holdfast. The fan-
shaped thallus is predominantly erect, up to 9 cm 
wide and 8 cm high, yellow to brown in color. The 
larger thallus is spirally arranged and forms a dense 
rosette (Fig.4a). Dried specimens become dark brown 
in color (Fig.4b). The middle part of the thallus is 
140–165 μm thick, composed of a single layer of 
large medullary cells and four layers of cortical cells 
on both sides of the medulla (Fig.4c, d). The basal 
part of thallus is composed of three layers of cortical 
cells on both sides of the medulla, with tubular 

rhizoids issuing from the ventral surface (Fig.4e). 
Sporangial sori are mainly scattered on the ventral 
surface of the upper part of the mature thallus. The 
sporangia are sessile and ovate without paraphyses 
(Fig.4f), and developed ones are 60–75 μm in diameter 
at surface view. 

 4 DISCUSSION 

 Morphologically, Chinese specimens are very 
similar to  Lobophora   rosacea  described from New 
Caledonia with an erect, fan-shaped thallus and a 
basal mound of rhizoids. However, the thallus of 
some specimens from New Caledonia is thinner than 
that from the South China Sea, because the former has 
a two-cell-layered cortex (Table 1). Vieira et al. 
(2014) examined numerous specimens and described 
two  L .  rosacea  morphotypes, the thinner type has less 
than seven-cell-layers in the thallus and the thicker 
type has nine cell-layers, but no reproductive structure 
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 Fig.2 Maximum-likelihood tree based on  rbcL  gene sequences 
 The star indicates the new sequence. The bootstrap values are shown at each node ML/BI (Bayesian analysis); ML>50%, BI>0.8. 
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 Table 1 Comparison of morphological characters between specimens from Hainan Island and New Caledonia 

 Characters  Specimens from Hainan Island  Specimens from New Caledonia 

 Thallus     

 Holdfast  Made of basal rhizoids  Made of basal rhizoids 

 Erect or prostrate  Erect  Predominantly erect 

 Shape  Fan-shaped, to circular  Fan-shaped, reniform to circular 

 Wide (cm)  To 9  To 10 

 Tall (cm)  To 8  To 8 

 Thickness (μm)  110–165  80–170 

 Layers number   
 Dorsal layers  3–4  2–4 

 Ventral layers  3–4  2–4 

 Diameter of sporangia (μm)  60–75  Unknown 

 References  This study  Vieira et al., 2014 
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 Fig.3 Maximum-likelihood tree based on  cox3  gene sequences 
 The star indicates the new sequence. The bootstrap values are shown at each node ML/BI (Bayesian analysis), ML>50%, BI>0.8. 
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was found. We found sporangial sori scattered on 
both surfaces of the mature thallus, and the thinner 
thallus tended to produce more sporangial sori than 
the thicker one. We did not detect any gametophyte, 
though numerous specimens have been collected. 

 Our new sequences diff er from those of  L .  rosacea  
from New Caledonia by a few bp substitutions. Based 

on the combination of morphological and genetic 
data, we propose a new record from the South China 
Sea to be named  L .  rosacea  C.W. Vieira, Payri et De 
Clerck.  L .  rosacea  was located at the basal portion in 
the  Lobophora  clade in the phylogenetic tree, 
suggesting that the ancestral  Lobophora  had erect 
 Zonaria -like thalli, and the crustose and prostrate 

a b

dc

e f

 Fig.4 Morphology of  Lobophora   rosacea  from the South China Sea 
 a. plant growing under water (Changjiang, Changhua, Hainan, 18 th  March, 2015); b. herbarium of  L .  rosacea , scale bar=1 cm; c. transverse section of the 
middle portion of the thallus, showing an obvious medullary layer and a four layered cortex on both sides; d. longitudinal section of the middle portion, 
showing nine layers of thallus; e. transverse section of the basal portion, showing rhizoids and a three-layered cortex; f. transverse section of the middle 
portion of a mature thallus, showing 3 a three layered cortex and sporangia without paraphyses. Scale bar=100 μm, applies to c–f. 
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species probably originated from the erect ones (Sun 
et al., 2012; Vieira et al., 2014). 

 That only one haplotype was detected in this study 
suggests the Hainan  L .  rosacea  population originated 
from southern regions and Hainan Island is close to 
its northernmost boundary. Many dictyotalean species 
have wide biogeographic distributions, e.g., some 
 Padina  species are widely distributed in the Indo-
Pacifi c (Silberfeld et al., 2013). However, to date,  L . 
 rosacea  has not been found in the Ryukyu Islands 
where the water temperature is similar to that of the 
South China Sea. 

 Some  L .  rosacea  specimens deposited in MBMCAS 
had been misidentifi ed as  Zonaria  sp., probably 
because they possess erect  Zonaria -like thalli. Luan et 
al. (2013) described  Lobophora   variegata  (Lamouroux) 
Womersley et E.C. Oliveira and  L .  lubaoreniana  Luan 
et Ding from the South China Sea. However,  L . 
 variegata  has been confi rmed to be an endemic species 
from the West Indies (Schultz et al., 2015), and we 
suspect that  L .  lubaoreniana  corresponds to  L .  asiatica  
Z. Sun, J. Tanaka et H. Kawai based on morphological 
comparisons, but molecular analysis is required for 
correct taxonomic assignment. 

 5 CONCLUSION 

  Lobophora   rosacea  is described from the South 
China Sea for the fi rst time. To date, four species have 
been confi rmed from the South China Sea based on 
morphological and phylogenetic analysis, including 
 L .  asiatica ,  L .  crassa  Z. Sun, P. E. Lim et H. Kawai, 
 L .  pachyventera  Z. Sun, P. E. Lim, J. Tanaka et H. 
Kawai and  L .  rosacea . The four species are distributed 
in New Caledonia, three of which,  L .  rosacea  being 
the exception, are distributed in Ryukyu Islands. 
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