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Abstract

The species-level taxonomy of the marine brown algal genus Sargassum is problematic. To resolve some of these systematic 
issues in the northern China seas, a molecular analysis of Sargassum species was carried out using ITS-2, cox3, and rbcL 
DNA sequences. Phylogenetic analyses confirmed eight species, including: S. confusum, S. fusiforme, S. hemiphyllum var. 
chinense, S. horneri, S. muticum, S. siliquastrum, S. thunbergii, and S. vachellianum. The previously described S. shandon-
gense and S. qingdaoense, endemic to the Shandong Peninsula, are shown to be synonymous with S. vachellianum. Seven 
species previously described from the East China Sea were not observed, and require further investigation.

Keywords: Sargassum, diversity, molecular assessment, northern China seas

Introduction

Sargassum C. Agardh (1820: 1) is the most diverse genus in the Phaeophyceae, with 945 species, varieties and forms 
listed in Algaebase, and 353 flagged as currently accepted (Guiry & Guiry 2017). The genus is distributed worldwide, 
but particularly abundant in tropical and subtropical regions and the Indo-Pacific (Yoshida 1989, Phillips 1995). 
Sargassum beds are an important element of marine ecosystems providing substrate, food, and habitat for other marine 
organisms (Godoy & Coutinho 2002). Some species of Sargassum can be used as food, medicine for human beings, 
and fertilizer for crops (Tseng & Lu 2000, Liu et al. 2012, Van Tu 2015).
	 The traditional classification system of Sargassum mainly depends on morphological characteristics of the 
holdfast, stem, branches, blades, vesicles, and receptacles (C. Agardh 1820, J. Agardh 1849, 1889). Unfortunately, 
these criteria can be highly variable due to environmental conditions or developmental stages of the thallus. As a result, 
significant morphological variation can occur between different populations, within a single population, or within an 
individual at different seasons and growth stages (Kilar & Hanisak 1989). This variability led early authors to describe 
many ecotypes as new species, which further confused the taxonomy (Mattio & Payri 2011). It is therefore likely that 
Sargassum diversity is overestimated (Mattio & Payri 2011).
	 DNA-based molecular phylogenetic analyses have shown great promise to resolve taxonomic ambiguity and 
algal diversity (Leliaert et al. 2014). For Sargassum, the nuclear internal transcribed spacer 2 (ITS-2), mitochondrial 
cytochrome oxidase subunit 3 (cox3), and chloroplast genes (rbcL, rbcLS) have been applied to investigate Sargassum 
taxonomy and phylogenetic relationships (e.g. Stiger et al. 2003, Phillips et al. 2005, Mattio et al. 2008), and population-
level genetic differentiation and phylogeographic patterns (e.g. Uwai et al. 2009, Hu et al. 2011). Recently, the 
classification of Sargassum has been significantly revised using multiple genetic markers (Mattio & Payri 2009, 2011, 
Dixon et al. 2012, 2014, Mattio et al. 2013, 2015, Andrade-Sorcia et al. 2014, Camacho et al. 2015, Kantachumpoo 
et al. 2015). On the basis of these work, many taxonomic problems were resolved and a number of new taxonomic 
synonymies were proposed.
	 In the China seas, Sargassum systematics is particularly challenging. A total of 130 species were recorded, 17 
of which were reported from the northern Chinese coasts (Yellow Sea and East China Sea) (Tseng & Lu 2000). The 
population genetics and evolutionary biogeography of Sargassum species in the China Seas have received considerable 
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research interest (Cheng et al. 2010, Hu et al. 2011, 2013, Bi et al. 2014, Li et al. 2016), however, species diversity has 
not yet been reevaluated using a multigene molecular approach. In this study we used three DNA markers (ITS-2, cox3, 
and rbcL) to reassess the species diversity of Sargassum from the northern China seas, and show that morphology 
alone was unable to accurately classify the many Sargassum taxa.

Materials and methods

Specimen collection and species identification

FIGURE 1. Map of collection sites showing the species of Sargassum collected from the China Seas. 

Sargassum samples were mainly collected from eight localities in the Yellow Sea and East China Sea in spring and 
summer from 2014 to 2016 (Fig. 1). More than 20 individuals were collected from more than three sites in each locality 
by snorkeling or SCUBA diving. Sargassum vachellianum samples were also obtained from several sites in the South 
China Sea close to the type locality Macau, China (Greville 1848). Apical fragments from each specimen were preserved 
in silica gel for DNA extraction and a portion of the rest specimen was pressed as herbarium vouchers. The mature 
individuals were preserved in 10% formaldehyde-seawater solution for morphological examinations. Photographs 
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table 1. (continued)

Taxon Voucher and collection or publication
GenBank accession number
ITS-2 cox3 rbcL

Sargassum macrocarpum C. 
Agardh PF588; Cho et al. 2012 JF931834 JF931748 JF931696

Sargassum micracanthum 
(Kützing) Endlicher PF1420; Cho et al. 2012 JF931838 JF931752 JF931700

Sargassum miyabei Yendo PF1452; Cho et al. 2012 JF931857 JF931755 JF931703
Sargassum muticum (Yendo) 
Fensholt MBMD04284; Nanhuangcheng Island, June 2016 KY411087 KY411113 KY432492

PF1010; Cho et al. 2012 JF931857 JF931755 JF931703
GENT-ODC1702; Dixon et al. 2014 KF281781 KF281977 -

Sargassum nigrifolium Yendo PF1359; Cho et al. 2012 JF931846 JF931756 JF931704
Sargassum ringgoldianum 
Harvey GENT-HV2003; Dixon et al. 2014 KF281937 KF281988 KF281795

Sargassum serratifolium (C. 
Agardh) C. Agardh PF1343; Cho et al. 2012 JF931840 JF931762 JF931710

Sargassum siliquastrum 
(Mertens ex Turner) C. Agardh MBMD04273; Nanhuangcheng Island, June 2016 KY411088 KY411114 KY432493

MBMD01281; Zhangzi Island, June 2014 KY411089 KY411115 KY432494
PF1423; Cho et al. 2012 JF931843 JF931765 JF931713

Sargassum thunbergii (Mertens 
ex Roth) Kuntze MBMD03177; Qingdao, March 2016 KY411090 KY411116 KY432495

PF531; Cho et al. 2012 JF931858 JF931766 JF931714
IRD5241; Dixon et al. 2014 KF281923 KF281977 -
SGAD0909017; Dixon et al. 2014 KF281936 KF281987 -

Sargassum yamadae Yoshida et 
Konno PF1356; Cho et al. 2012 JF931847 JF931767 JF931715

Sargassum yezoense (Yamada) 
Yoshida et Konno PF1350; Cho et al. 2012 JF931849 JF931772 JF931720

S. subgen. Sargassum
Sargassum piluliferum (Turner) 
C. Agardh MBMD02867; Fukui, Japan, October 2015 KY411091 KY411117 KY432496

PF949; Cho et al. 2012 JF931863 JF931760 JF931708
Sargassum qingdaoense Tseng 
et Lu* MBMD04328; Qingdao, July 2016 KY411092 KY411118 KY432497

Sargassum shandongense 
Tseng, C. F. Zhang et Lu* MBMD02308; Rizhao (Pingdao), July 2015 KY411093 KY411119 KY432498

 MBMD04356; Qingdao, July 2016 KY411094 KY411120 KY432499
Sargassum yendoi Okamura et 
Yamada MBMD02875; Chiba, Japan, March 2016 KY411095 KY411121 KY432500

PF1032; Cho et al. 2012 JF931864 JF931771 JF931719
Sargassum vachellianum 
Greville MBMD01652; Basuo, Hainan, March 2015 KY411096 KY411122 KY432501

MBMD01806; Boao, Haian, March 2015 KY411097 KY411123 KY432502
MBMD01810; Boao, Hainan, March 2015 KY411098 KY411124 KY432503
MBMD01998; Shengsi Islands, June 2015 KY411099 KY411125 KY432504
MBMD03610; Nan’ao Island, April 2016 KY411100 KY411126 KY432505
MBMD03684; Fangchenggang, April 2016 KY411101 KY411127 KY432506
MBMD03708; Shenzhen, April 2016 KY411102 KY411128 KY432507
MBMD03728; Shenzhen, April 2016 KY411103 KY411129 KY432508
MBMD03941; Nanji Islands, June 2016 KY411104 KY411130 KY432509

Other Sargassaceae
Coccophora langsdorfii 
(Turner) Greville MBMD02725; Aomori, Japan, December 2015 KY411105 KY411131 KY432510

Turbinaria rnate (Turner) J. 
Agardh IRD1536; Mattio et al. 2009 EU100772 EU833384 -

MBMD02892, Sanya, Hiannan, April 2016 - - KY432511
* synonyms of Sargassum vachellianum Greville.
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FIGURE 3. Sargassum vachellianum collected from different regions. All scale bars = 5 cm. A. Qingdao, Shandong, floating individual. 
B. Qingdao, Shandong. C. Rizhao, Shandong. D. Nanji Islands, Zhejiang. E. Nan’ao Island, Guangdong. F. Shenzhen, Guangdong. G. 
Fangchenggang, Guangxi. H. Boao, Hainan. I. Type specimen of S. shandongense. J. Type specimen of S. qingdaoense. K. Sketch of type 
specimen of S. vachellianum (in Greville 1848). 

Phylogenetic analyses 
A total of 26 ITS-2, 26 cox3, and 27 rbcL sequences were generated for the analyses. Based on the concatenated 
dataset (ITS-2+cox3), the two main strongly supported clades corresponded to Sargassum subgen. Bactrophycus and 
Sargassum subgen. Sargassum. In the Sargassum subgen. Bactrophycus clade, all specimens from the northern China 
seas were grouped with previously published Korean and Japanese specimens. In the Sargassum subgen. Sargassum, 
all specimens referred to S. shandongense, S. qingdaoense and S. vachellianum clustered within one highly supported 
monophyletic clade, with sequence identity > 99.5%. This clade was sister to S. piluliferum (Turner) C. Agardh and 
S. yendoi Okamura et Yamada from Japan. The rbcL-based phylogenetic tree (Fig. S1) showed similar topological 
structure to the ITS-2+cox3 dataset, but the relationships of some related taxa were not resolved due to the limited base 
substitution. 


















