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ABSTRACT 

 

Sargassum is one of the most diverse and complex genera in Phaeophyceae. 

Morphological plasticity of this genus has always resulted in difficulty in Sargassum 

species delineation. Malaysia as one of the hotspots recorded for Sargassum diversity 

has an available checklist record of 34 taxa. The existing classification of Malaysian 

Sargassum is based mainly on morphological characters. None has yet been revised 

using molecular data. The aim of this study is to use a combination of morphological 

and molecular data to resolve some taxonomy confusion and produce a more 

comprehensive phylogeny for the current species found in Malaysia. A survey was 

conducted throughout Malaysia and over 850 Sargassum specimens were newly 

collected and deposited in the Seaweeds and Seagrasses Herbarium, University of 

Malaya (KLU). 22 taxa from the Herbarium were revised morphologically whereby 14 

newly collected taxa were subjected to DNA analyses in present study. Specimens were 

sequenced using the nuclear ITS-2, plastid partial Rubisco operon and mitochondrial 

cox3 markers. The identification of the fourteen species distinguished in this study using 

both morphology and DNA sequence analyses was confirmed by the examination of 

original diagnoses and type specimens when possible. One taxon remained unidentified. 

Descriptions of the fourteen taxa’s morphological variability were provided as well as 

an identification key for their identification. The phylogeny of Malaysian Sargassum 

was constructed using concatenated dataset. Only taxa from Sargassum subgenus 

Sargassum was found in Malaysia and represented in the sections Binderiana, Ilicifolia 

and Polycystae. The phylogeny was highly resolved at the sectional level and confirmed 

the current proposed revision within the genus. This study is the first comprehensive 

phylogenetic analysis of Malaysian Sargassum using three molecular markers. Apart 
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from that, the status of several species also been reconsidered. Firstly, Sargassum 

siliquosum which was previously placed in section Malacocarpicae has been moved 

into section Ilicifolia. Secondly, the synonymy of Sargassum binderi and Sargassum 

oligocystum was confirmed with molecular evidence from both type specimens. Thirdly, 

the sequences of Sargassum binderi, Sargassum oligocystum, Sargassum polycystum 

and Sargassum stolonifolium from type localities are provided for the first time for 

phylogenetic analyses. Lastly, four new records (Sargassum densicystum, Sargassum 

longifructum, Sargassum marginatum and Sargassum cf. parvifolium) are reported in 

this thesis. 
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ABSTRAK 

 

Sargassum merupakan salah satu daripada genera Phaeophyceae yang paling pelbagai 

dan kompleks. Morfologi genus ini yang mudah dibentuk selalu menyebabkan 

kesusahan dalam pemahamannya. Malaysia sebagai salah satu tempat hangat diversiti 

Sargassum mempunyai ketersediaan rekod checklist sebanyak 34 taxa. Klasifikasi 

Sargassum Malaysia yang wujud ada bergantung terutamanya kepada sifat morfologi 

dan masih belum diulangkaji menggunakan data molekul. Tujuan utama kajian ini 

adalah untuk menggunakan gabungan data morfologi dan molekul untuk menyelesaikan 

kekeliruan taksonomi dan menghasilkan satu filogeni yang menyeluruh untuk species 

yang sedia ada di Malaysia. Satu tinjauan telah dijalankan di seluruh Malaysia dan 

lebihi 850 koleksi baru Sargassum disimpan dalam Herbarium Rumpair dan Rumput 

Laut, Universiti Malaya (KLU). Morfologi 22 taxa daripada Herbarium disemak semula 

dan 14 taxa yang baru dikutip dalam kajian ini dianalisis menggunakan DNA. Spesimen 

disekuen dengan penanda nuklear ITS-2, sebahagian plastid Rubisco operon dan 

mitokondrial cox3. Identifikasi empat belas spesies yang dibezakan dalam kajian ini 

menggunakan kombinasi analisis morfologi dan DNA sekuen disahkan dengan 

penelitian dianostik keaslian dan spesimen model dimana boleh jadi. Salah satu taxon 

masih tinggal tidak dikenali. Penghuraian morfologi empat belas taxa dibekalkan 

bersama dengan kunci pengecaman untuk identifikasi. Filogeni Sargassum Malaysia 

dibina dengan menggunakan set data cantuman. Hanya taxa daripada Sargassum 

subgenus Sargassum dijumpai di Malaysia, dan diwakili oleh seksyen Binderiana, 

Ilicifolia dan Polycystae. Filogeni tersebut diselesaikan dengan baik di aras seksyen dan 

menyesahkan cadangan revisi terkini di dalam genus. Kajian ini merupakan analisis 

filogeni Sargassum Malaysia yang menyeluruh dan pertama kali dengan menggunakan 
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tiga penanda molekul. Selain daripada itu, kedudukan beberapa species telah 

dipertimbangkan semula. Pertama sekali, Sargassum siliquosum yang sebelumnya 

berada di seksyen Malacocarpicae dipindahkan ke seksyen Ilicifolia. Kedua, sinonim 

Sargassum binderi dan Sargassum oligocystum dipastikan dengan kegunaan bukti-bukti 

molekular spesimen model. Ketiga, sekuen-sekuen Sargassum binderi, Sargassum 

oligocystum, Sargassum polycystum dan Sargassum stolonifolium daripada lokasi model 

pertama kali digunakan untuk analisis filogeni. Akhir sekali, empat rekod baru 

(Sargassum densicystum, Sargassum longifructum, Sargassum marginatum dan 

Sargassum cf. parvifolium) dilaporkan dalam thesis ini. 
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CHAPTER 1 

 

1.0 INTRODUCTION 

 

Sargassum C. Agardh (Sargassaceae, Fucales) is the one of the most species-rich algal 

genera in the Phaeophyceae. Species from this genus are distributed worldwide 

throughout the tropical and subtropical basins (Phillips et al. 2005). Guiry and Guiry 

(2012) recorded about 342 currently taxonomically accepted species among the 839 

species, varieties and forms. Species are classified within a system of subgenera, 

section, subsection and series created by J. Agardh (1848, 1889). The existing 

classification systems of Sargassum, with some minor modification, as the framework 

today, are mainly based on morphological characters as indicators of genetic 

relationships.  

 

Sargassum is highly differentiated. In general, the plant has structures such as holdfast, 

stem, branch, leaves, leaves margin, vesicles, receptacles and cryptostomata. There are 

variable phenotypes influenced by several factors such as temporal, environment and 

geography. However, the lack of complete plant materials and information on the 

biology and ecology has created much problems in the identification of this species. A 

type material is often represented by incomplete specimens in bad condition, thus 

adding up to the difficulty of Sargassum taxonomic studies. Kilar et al. (1992) reported 

that the variation in form, size, or numbers (frequencies) of all features was recognized 

as a source of systematic confusion. Sargassum exhibits variability at several levels 

such as intra-individual and inter-individual. A total of 22 morphological characters 

define all levels within the system, with series designations based on one to two 
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character differences (Ajisaka 1997). Nevertheless, this oversimplified description has 

caused much taxonomic inconsistencies (Kilar et al. 1992). There are tendencies to 

misidentify certain species based on the morphological characters, especially the young 

plants (Ajisaka et al. 1999). Therefore, the classification of Sargassum species 

represents a challenge to most taxonomists since about 200 years ago (C. Agardh 1820). 

 

There is controversy about whether morphological or molecular approaches provide 

more reliable data for the phylogeny reconstruction. Morphological characteristic, 

alone, always received criticism for its many flaws. Thus, this indirectly urged the 

development of molecular techniques to overcome the morphological identification 

limitations. The purpose of molecular systematics is to incorporate molecular data into 

the analysis of phylogenetic relationships of organisms (McCourt et al. 1996). The 

advances in molecular taxonomy thereafter have proceeded as a series of waves, each 

initiated by the development of a new laboratory method. However, the debates are very 

different with different groups and at different taxonomic levels. Mattio and Payri 

(2011) provided a review of the Sargassum taxonomic history. They strongly 

recommended that more species and more regions be studied to improve our 

understanding of Sargassum taxonomy. 

 

The breakthrough of molecular systematics arrived with the introduction of Polymerase 

Chain Reaction (PCR), sequencing and a host of downstream applications. This 

advanced technology enabled a more efficient and accurate method of identifying 

Sargassum species. Gene sequencing, specifically, has been widely used to overcome 

problems associated with the phenotypic plasticity of algae (Wong and Phang 2004, 

Mattio et al. 2010). Thus, various molecular markers were developed to infer the 
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phylogenetic relationships within the brown algal group. Several genes have been 

widely used for the taxonomy of algae, for instance,  

(i) The plastid-encoded large-subunit of Rubisco (rbcL) and small-subunit of 

Rubisco (rbcS);  

(ii) Rubisco spacer (rbcLS spacer);  

(iii) 18S ribosomal DNA;  

(iv)  5.8S ribosomal DNA;  

(v)  28S ribosomal DNA;  

(vi) Internal transcribed spacer (ITS);  

(vii) Mitochondrial genes such as cox3 and  

(viii) Protein-coding plastid genes such as psaA and psbA. 

The utilization of a more conservative gene region such as Rubisco enables the 

determination of the appropriate phylogenetic relationship at the ordinal as well as 

family level, empirically. However, the more variable spacer regions (such as Rubisco 

spacer and ITS) are used to evaluate subgenera and species relationships within the 

genus, with emphasis on the sectional to subsectional relationships with the subgenera 

Sargassum.  

 

These differences in utilisation of the gene regions are clearly seen in the Sargassum 

species. The subsection and series level of Sargassum species have unclear distinction 

between morphological plasticity and meaningful species boundaries due to the high 

rate of phenotypic variability in the key characteristics. Morphologically, subsections 

within the subgenus Sargassum are based largely upon receptacle branching patterns, 

whereas series levels are based largely on lamina morphology. Despite a previous 

review of species relationships in this group (Ajisaka et al. 1997), Stiger et al. (2003) 
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placed Sargassum duplicatum in the section Zygocarpicae, subsection 

Holozygocarpicae rather than in section Acanthocarpicae series Glomerulatae using 

ITS-2 phylogeny. In 2005, Phillips et al. used rbcLS operon to infer the phylogenetic 

relationships of Sargassum species, and reported that the traditional placement of 

Sargassum duplicatum in sections Acanthocarpicae series Glomerulatae is incorrect. 

Mattio and Payri (2011) reported the most recent Sargassum taxonomy progresses 

which have been made using DNA molecular markers. 

 

Although molecular tools were used to compensate the limitations with the hope of 

solving previously unresolved identities or phylogenies, the molecular data do not 

conclusively resolve these relationships. There was very little genetic variation found 

among taxa representing the various subsections and series within Sargassum sections 

Acanthocarpicae and Malacocarpicae, which resulted in poorly resolved associations 

among taxa at those ranks. Hence, either morphological or molecular data alone may be 

inadequate to infer the relationships of the major divisions of the living world, or with 

the systematization of prokaryotes or algae. Generally, studies that included both 

morphological and molecular data endowed much better description and assessment of 

biological diversity than those that just considered one approach (Wong et al. 2004).  

 

Thus, the incorporation of molecular data into phylogenetic relationship of Sargassum 

species will resolve the existing taxonomic ambiguities caused by the morphological 

data alone. An appropriate taxonomic system will also ensure that the Sargassum 

species are correctly identified and therefore the performance of each species is 

predictable. Correct classification will then contribute greatly to the effective utilization 
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of economic seaweed resources, development of phycoculture and seaweed processing 

industry (Tseng, 1984).  

 

Malaysia has been recognized as one of the hotspots of Sargassum species diversity 

(Phillips 1995). Many checklists and reports were published since 1872 (Zanardini 

1872, Phang and Wee 1991, Phang et al. 2007, Wong et al. 2008). In these publications, 

data about species distribution are contradicting each other.  Overall, the current 

Sargassum lists available for Malaysia appear incomplete and not revised taking into 

account the recently published taxonomic revisions or using molecular data.  

 

The Algae Research Laboratory, University of Malaya has been involved in the use of 

molecular markers to solve the taxonomic problems in Malaysian seaweeds, especially 

the genera Sargassum and Gracilaria (Wong et al. 2004, Ho et al. 1995, Ho et al. 1996, 

Gan et al. 2003, Gan et al. 2005, Phang et al. 2005). Ho et al. (1995) reported that the 

Random Amplified Polymerase DNA (RAPD) profiles did not correlate with the 

morphological grouping despite being useful in generating individual fingerprints. 

However, Ng (1998) and Wong et al. (2004) successfully separated S. binderi from S. 

oligocystum, and S. baccularia from S. polycystum, respectively, using RAPD. 

 

However, these RAPD results still needed to be verified by sequencing, leading to 

suggestions that the RAPD method is somewhat redundant. As different DNA 

sequences may possibly be of similar length, RAPD patterns which seem similar in 

length could actually represent totally different DNA. Therefore, sequencing method 

has proven to be more effective than the RAPD techniques employed. The strength of 
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the present study lies in the use of sequencing of three specific DNA markers to provide 

a more complete and accurate phylogenetic analysis of Malaysian Sargassum species. 

  

1.1 Objectives 

 

This study aims to reassess the Sargassum diversity in Malaysia with a combination of 

morphological and molecular analyses to resolve some taxonomic confusion in selected 

Malaysian Sargassum species.  

 

1.1.1 Sub-objectives 

 

The sub-objectives are 

(i)  to produce a checklist from surveys  

(ii)  to compare and describe morphological features 

(iii)  to construct molecular phylogenetic trees and finally 

(iv)  to evaluate and assess the current taxonomic classification and propose 

revision if required 

To carry out the above sub-objectives, the following was done: 

(i) New extensive collections were obtained and a three marker (plastid partial 

Rubisco operon, mitochondrial cox3 and nuclear ITS-2) phylogeny was 

constructed.  

(ii) Specimens from type localities were obtained and included in the DNA analyses 

for an improved assessment and confirmation of species identification. 
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1.2 Hypotheses 

 

The hypotheses of this study are, 

 

HN: Gene sequencing will not differentiate morphologically similar 

but not identical, species of Sargassum.  

HA: Gene sequencing will differentiate morphologically similar but 

not identical, species of Sargassum. 
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CHAPTER 2 

 

2.0 LITERATURE REVIEW 

 

2.1 Why study taxonomy? 

 

Taxonomy is the science of classifying living things. It is used as an essential tool to 

study the systematics and phylogenetics of the main organisation of living organisms. 

The known taxonomy of each organism enables proper classification of each species 

and the study of both biology and ecology of the species. It also enables the 

understanding of geographical distribution and the evolutionary process. Understanding 

species concept is important in taxonomy. A species could be equivalent to various 

things, based on the characteristics of the organisms, biologically. Thus, the concept of 

the species is of utmost importance. 

 

There are five main current species concept: phenetic, biological, phylogenetic, 

ecological and cohesive. Each concept provides models appropriate for different 

purposes. Phenetic species concept is based on the observable facts of similarity and 

discontinuity. The other four concepts attempt to address the process of species 

formation and maintenance. The most popular species concept is the biological species 

concept. In this concept, the species are groups of interbreeding natural populations, 

reproductively isolated from other groups (Mayr and Ashlock 1991). The phylogenetic 

species concept is much favoured by the biologists as well. The concept defines the 

species as a single lineage of an ancestor-descendant population that maintains its 

identity from other such lineages and has its own evolutionary tendencies and historical 

fate (Simpson 1961; Wiley 1978, 1981). Ecological species concept is not defined, but 
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explained by Anderson (1990), by the adaptive zones they inhabit. Cohesion species 

concept, on the other hand, is favored by scientists who work on asexual organisms 

(Templeton 1989).  

 

Marine macroalgae are an artificial and highly heterogeneous aggregation of organisms 

belonging to many different evolutionary lineages, and therefore highly diverse from a 

genetic point of view. The complex evolutionary histories of macroalgae and the 

abiotic stress from the environment have cause them to adapt to the sessile benthic 

lifestyle (Rindi et al. 2012). Hybridization, which have the significant effects on 

biodiversity, also an important evolutionary process in macroalgae. It was found that 

the hybrids had an intermediate morphology to the parent species (Hodge et al. 2010). 

As hybridization has been extensively documented especially in Fucus, molecular 

studies was done to test on the phylogenetic species concept (Coyer et al. 2002, 

Wallace et al. 2004, Engel et al. 2005). In the case study of Fucus spiralis and Fucus 

vesiculosus, both species which could not be distinguished using molecular marker 

(COI-5P), differ in mating system and the presence of pair vesicles (Kucera.  

 

 

2.2 Why Sargassum? 

 

The genus Sargassum C. Agardh (Sargassaceae, Fucales), one of the largest and 

problematic genera (Abbott 1992) in Phaeophyceae (brown algae), order Fucales, was 

established by C. Agardh in 1820. This genus is widely distributed in the world with 

nearly 500 species described (Yoshida 1989) and is well represented in both tropical 

and subtropical waters.  
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Despite having various species described for almost 200 years, the identification of 

Sargassum species is still a very arduous task for the taxonomist, due to the complexity 

of the traditional classification. The system was later modified by Grunow (1915, 1916) 

and Setchell (1933b, 1935, 1936), but authors who conducted phylogenetic 

reconstruction on Sargassum still strongly urge for the taxonomic revision (Stiger et al. 

2003, Phillips et al. 2005, Mattio et al. 2008, 2009, Mattio and Payri 2009). 

 

2.2.1 Taxonomy of Phaeophyceae 

 

Based on pigmentation, seaweeds can be classified into three main groups namely, 

Phaeophyceae (brown algae), Rhodophyceae (red alga) and Chlorophyceae (green 

algae). Phaeophyceae, the critical marine primary producer in structuring marine 

communities, belongs to the Kingdom Chromista, followed by Sub-Kingdom 

Chromobiota and Infra Kingdom Heterokonta (also known as Stramenopiles) 

(Cavalier-Smith 1998, 2004). The position of Phaophyceae is clearly shown in Figure 

1.1, the tree of life by Keeling et al. (2005). Meanwhile, both Rhodophyceae and 

Chlorophycae belong to the kingdom Plantae. Most Phaeophyceae and Rhodophyceae 

are marine species.  

 

The heterokonts are a major line of algae. They vary from the multicellular brown 

algae, such as kelp, to the unicellular diatoms which are primary components in 

plankton. This large and heterogeneous group of protists are unified into a cohesive 

assemblage by the distinctive structure of motile cells, heterokont biflagellate, which 

are found at some point in the life cycle of most heterokonts, for instance as zoospores 

or gametes if not as the normal vegetative form (Patterson 1989, Anderson 2004). 
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Figure 1.1 Position of Phaeophyceae (indicated with a star) in the tree of life (after 
Keeling et al. 2005) 

 

 

Monophyly of assemblage and various lineages are well established, but the 

evolutionary relationships among the lineages remain unresolved (Yoon et al. 2002, 

Anderson 2004, Harper et al. 2005). Phillips et al. (2008a) proposed a preliminary 

molecular clock showing that the basal divergence among extant brown algae (i.e. 

between Choristocarpus and Laminaria), and between Schizocladia and extant brown 

algae, occurred at a time similar to the divergence of centric and pinnate diatoms, 

which is 62-124 millions of years ago (Figure 1.2) by using 1600 Expressed Sequenced 

Tags (EST) per organism. There are about 2500 species of brown algae, which are 

distributed among about 19 orders and 55 families (de Reviers and Rousseau 1999).  
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Figure 1.2 Heterokont phylogeny and molecular estimates of divergence times. 
Divergence time estimates (millions of years ago [mya]) are presented 
above the relevant branches (after Phillips et al. 2008a) 

 

 

In 1933, Kylin started classifying the Phaeophyceae into orders based on the 

characteristic of thallus construction and life history (Clayton and King 1990). This was 

further modified by Clayton and King in 1990, who divided the Phaeophyceae into 15 

orders. Silva et al., in 1996, divided the Phaeophyceae in the Indian Ocean into 11 

orders while Lee (1999) divided the Phaeophyceae into seven orders (Ectocarpales, 

Desmarestiales, Cutleriales, Laminariales, Sphacelariales, Dictyotales and Fucales). 

Graham and Wilcox (2000) too, divided the Phaeophyceae into 14 orders.  

 

However, due to the recent molecular-based phylogenies (using different markers), that 

were controversial to the classification of some of the orders in Phaeophyceae, a final 

conclusion has not been reached (Figure 1.3, 1.4). Figure 1.3 shows the representative 

of Sargassum species within Phaeophyceae based on rbcL sequence. Whereas Figure 

1.4 shows the polyphyletic position of Sargassum and Cystoseira based on psbA and 

mt23S markers. This has seriously impaired our already poor understanding of the 

brown algae evolution (Draisma et al. 2003, Cho et al. 2004, Phillips et al. 2008b). 
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Figure 1.3 Position of Sargassum genus within Phaeophyceae (after phylogenetic 
reconstruction by Bayesian using rbcL sequences) (after Phillips et al. 
2008b) 
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Figure 1.4  Position of Sargassum genus (after phylogenetic reconstruction by 
Bayesian using psbA + mt23S combined analysis) (after Draisma et al. 
2010) 
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2.2.2 Taxonomy of Sargassum 

 

The term “Sargassum” is derived from a Spanish word for seaweed, Sargasso, and 

used by navigators to describe floating algae (Chapman and Chapman 1981). This 

genus was established by C. Agardh in 1820 and was typified by S. bacciferum 

(Turner) C. Agardh. This type species is known as S. natans (Linnaeus) Boergesen, 

which is a common species in the Sargasso Sea in the central Atlantic Ocean (Yoshida 

1989) (Figure 1.5). Christopher Columbus provided the first botanical description of 

Sargassum in 1942. He described it as “large patches of yellowish-green weed”, before 

the genus was entered to a valid botanical nomenclature. Figure 1.6 shows the path 

through which he first discovered the patches as he sailed through the route. 

 

           

(http://shs.westport.k12.ct.us/chia/caribbean/sargasso_sea.htm) 

Figure 1.5 Map showing the Sargasso Sea in the central Atlantic Ocean. 
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(http://en.wikipedia.org/wiki/Voyages_of_Christopher_Columbus)  

Figure 1.6 (a) Santa Maria flagship. (b) Christopher Columbus Portrait. (c) Map of 
Christopher Columbus 1492 Voyage. 

 

Sargassum genus belongs to the Order Fucales and Family Sargassaceae within the 

Phaeophyceae. Sargassum, one of the seven genera in the family Sargassaceae 

(Kuetzing), has the most differentiated morphology of members in this order. Silva et 

al. (1996) recorded 96 genera and 596 species of Phaeophyceae in the Indian Ocean, of 

which 239 belong to Sargassum. Generally, the taxonomy of Sargassum follows the 

classification as follows: Empire: Eukaryota; Kingdom Chromista; Sub-Kingdom: 

Chromobiota; Infra Kingdom: Heterokonta (Stramenopiles); Phylum: Ochrophyta; 

Class: Phaeophyceae Kjellman; Order: Fucales Kylin; Family: Sargassaceae Kuetzing; 

Genus: Sargassum C. Agardh. 
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The Family Sargassaceae is characterized by specialized branch systems, a single egg 

per oogonium and thallus with a three sided apical cell (Bold and Wynne 1978, 

Womersley 1987, Lee 1989). The branching in this family is always monopodial 

(Fritsch 1945, Lee 1989) and species can be distinguished by the lateral branch 

systems. The lateral branch systems bear one or two leaf-like structures at their base. 

Vesicles and receptacles will be found in the remainder of the branch. 

 

J.G. Agardh revised the classification system of C. Agardh and divided the genus 

Sargassum into five sub-genera. They were based on morphological relationships of the 

stem and blade (Agardh 1889, Yoshida 1983): Phyllotrichia, Schizophycus, 

Bactrophycus, Arthrophycus, and EuSargassum (=Sargassum). Further subdivision of 

the subgenus into section, subsection, series, subseries, and species group has added 

extra nomenclatural confusion and difficulty to the taxonomist (Table 1.1 and 1.2). 

Womersley (1954) emphasised on relationships between Phyllotrichia and the other 

subgenera and concluded that the species of Schizophycus can best be placed under 

Phyllotrichia.
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Table 1.2 Key to the Subgenera of Sargassum (Setchell 1931, Stiger et al. 2003, 
Tseng and Lu, 1992, Mattio 2008) 

 

1. Primary branches terete, foliar flattened, pinnatifed or no differences ………… 

…………………...…………………....…………… I. Subgenus Phyllotrichia 

1. Primary branches distinctly differentiatied into axes, simple leaves, and vesicles 

………………………………………………….…………………….....…….. 2 

 2. Axes ancipate (or 2-edged) to angulate; branches retroflex (or turned 

downward)…………………………………………………………………….. 3 

 2. Axes cylindrical, compressed or flattened (not foliar); branches seldom 

retroflex……………………………………...… II. Subgenus Sargassum … 4 

3. Receptacles simple, axillary or terminal ………………………………………… 

……………………………………………. III. Subgenus Bactrophycus … 10 

3. Receptacles compound…….…………………………………………………….. 

…………………………………………………... IV. Subgenus Arthrophycus 

 4. Receptacles of inflorescence intimately joined with vesicles and leaves 

………………..………………...…………...……. Section Zygocarpicae … 5 

 4. Receptacles of inflorescence not intimately joined with vesicles and 

leaves …………………………………………………………………………. 6 

5. Receptacles joined only with the leaves or with the leaves and vesicles at the 

same time …..…………………………………....... Section Holozygocarpicae 

5. Receptacles joined only with the leaves, or with the vesicles …………………. 

……………….………………………...………... Section Pseudozygocarpicae 

 6. Female and male receptacles smooth on surface ………………………. 

……………………………………..………….. Section Malacocarpicae … 7 

 6. Female receptacles spinous, male receptacles spinous or smooth …….. 

…………………………………….…….….… Section Acanthocarpicae … 8 
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7. Receptacles cymely arranged ………………...………………………………. 9 

7. Receptacles racemosely arranged ………………...…… Subsection Racemosae 

 8. Receptacles cymely arranged or short subracemose glomerules with 

nondiscrete receptacular branches …………………... Subsection Glomerulata 

 8. Receptacles racemosely arranged …………….... Subsection Biserrulae 

9. Receptacles with hair, pedicels, stipes with conceptacles ………………………. 

…...…………………………………………………. Subsection Fruticuliferae 

9. Receptacles ramify, arranged in fascicule ………………. Subsection Cymosae 

 10. Stem elongated, no main branch formed ……… Section Spongocarpus 

 10. Stem decumbent or main branch more or less abbreviated …………. 11 

11. Receptacles complanated or triquetrous …………………………………….. 12 

11. Receptacles terete …………………………………………………………… 13 

 12. Stem erect ………………….………………………. Section Halochloa 

 12. Stem decumbent …………………………………….. Section Repentia 

13. Leaves flat, with or without midrib, vesicles clearly different from leaves ……. 

………………………………………….……………………… Section Teretia 

13. Leaves cylindrical to complanate, vesicles similar to leaves …. Section Hizikia 

 

 

2.2.3 Nomenclatural history of Sargassum 

 

Linnaeus (1753) grouped three species referable to Sargassum in Fucus section as 

``Ramosi foliis distinctis''. Originally, the pelagic Sargassum of the Atlantic Ocean was 

named as Fucus natans, those from Mediterranean Sea was proposed as F. acinarius 

while the Sargassum collected by Osbeck from Ascension Island, South Atlantic Ocean 

was known as F. lendigerus. However, the subsequent development in taxonomy and 
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nomenclatural history of F. natans and F. acinarius were complex. In 1802, Turner 

concluded that the three specimens (Linnaeus's herbarium) determined by Linnaeus 

were in fact more than one species. He distinguished a second species as F. baccifer 

Turner by referring to its morphology.  

 

When C. Agardh (1820) established the genus Sargassum, he disagreed with Turner's 

interpretation of Fucus natans (Sargassum vulgare C. Agardh) and treated F. natans 

and F. baccifer as synonyms, but added confusion by adopting the later name for the 

type specimen (as Sargassum bacciferum). S. bacciferum (Turner) C. Agardh was 

selected as the conserved type rather than lectotype S. hornschuchii C. Agardh (1820) 

by De Toni (1891: 174) when compared against Acinaria Donati (1758). 

 

Børgesen (1914) reassessed the three specimens (Linnaeus's herbarium). He designated 

the first, as type, which is the most closely resembling Turner's illustration of F. 

baccifer. The second specimen Turner indicated as belonging to F. baccifer var. 

oblongifolius, was elevated by Børgesen to S. fluitans (Børgesen). The third specimen 

was considered to be conspecific with the first specimen. Børgesen concluded that F. 

baccifer and F. natans are taxonomic synonyms. These nomenclatural consequences 

would be so confusing as to provide strong support for proposals to conserve or reject 

one or another name in order to achieve some measure of stability. In 1987, Silva et al. 

justified that F. baccifer was a superfluous name. 

 

As in the case of S. natans, S. bacciferum, and S. vulgare, the competing and confusing 

applications of the names S. acinaria and S. acinarium should be settled by means of 

proposals for conservation or rejection. 
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2.2.4 Morphology of Sargassum 

 

Species of Sargassum exhibits the most complex morphology among Fucales. The 

Sargassum plant has structures such as holdfast, leaves, stem, branch, leave margins, 

vesicles, receptacles and cryptostomata.  

 

The holdfast has the form of either discoid, conical, scutate, scutellate, rhizoidal or 

fibrous, while the leaves have the form of simple, linear, ovate, lanceolate, elliptical, 

oblong, obovate, fucated (either with retroflex, horizontal or vertical insertion). Other 

parts of the plant, for instance, the stem has terete, erect or repent forms. The branch, 

either smooth or with spines, has morphological characteristics such as terete, 

triquetrous, compressed or flat. The leaf margin could be entire, serrate or double 

serrate, undulate, repand, denticulate and dentate. The vesicles of Sargassum are either 

round apex, spherical, oblong, obovate, mucronate, apiculate, or crowned, whereas the 

stalk of vesicles could be terete, compressed or leafy. The vesicles and stalk can be 

combined into a structure called phyllocyst. The forms of receptacles are simple, 

branched or warty, either smooth or spiny on the surface, and arranged in subcymose, 

cymose or racemose form. Cryptostomata, which are found on the leaves could be 

distinct, elevated in rows, sparse, irregularly disposed, indistinct or numerous. Figure 

1.7 shows a high degree of morphological differentiation in Sargassum. 
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Figure 1.7 Picture of a whole Sargassum plant (S. oligocystum Montagne). (A = 
variation in vesicles morphology; B = distribution of cryptostomata; C = 
variation in receptacle morphology; D = various type of main branch; E 
= various types of leaves). 

 

 

 
 
 
 
 
 
Caption for Figure 1.7 with description mentioned in Section 2.2.4.  
A (1:elliptical apiculatus; 2:mucronatus with coronal leaf; 3:phylocyst; 4:ovatus; 5:ellipticus; 6:obovatus); B (1:along leaves 
margins; 2:along midrib; 3:scattered; 4:prominent in rows); C (1:lanceolatum; 2:oblongum; 3:ellipticus; 4:subulatus; 5:teres; 
6:cylindricus; 7:bifurcatus; 8:cuneatus; 9:angulato-ovatus; 10:semiteres) D (1:trigonus; 2:teres; 3:compressus; 4:angulosus); E 
(1:lanceolatum; 2:obtusum; 3:serratum; 4:filiformis; 5:repandus; 6:angulatus; 7:pinnatifidus; 8:ciliates) (Linnaeus 1751) 
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C. Agardh (1820) established the genus Sargassum, described the genus with 62 

species and subdivided it into seven groups. In 1824, he further divided the genus into 

67 species, based on the position of receptacle and shape of leaves, as follows: 

(1) Receptacles axillary and entire leaves  

(2) Receptacles axillary and pinnatifid leaves 

(3) Microphylla, with vesicles and leaves minute 

(4) Receptacles terminal  

(5) Alate (or winged) vesicles 

(6) Flattened, costate pinnatifid frond and with vesicles and receptacles axillary 

(7) Flattened, ecostate fronds, with marginal receptacles affixed to the leaves and 

the capsules solitary in each tubercle 

 

Kuetzing (1843), in the The “Phycologia Generalis”, divided Sargassum into several 

genera based on the combination of the leaves and receptacle characters. These were 

Pterocaulon (now placed under the subgenus Phyllotrichia), Spongocarpus, Halochlon 

(now members of subgenera Bactrophycus), and Carpacanthus (now mostly members 

of the Acanthocarpic section of the genus). He later created two new genera, namely 

Stichophora and Anthophycus (both now merged with Sargassum) in “Species 

Algarum” (1849).  

 

To date, J. Agardh’s (1848) system is the main traditional classification system referred 

to. The author distinguished three sections in the genus using the character of leaf 

expansion in the same plane as the ‘stem’ or becoming horizontal by torsion at the 

petiole and in the latter case by the presence or absence of retroflection of the leaf base. 

The author also recognised 12 ‘tribes’ using the characters of leaf, receptacle and 

vesicle morphology. He further modified this system in 1889 and subdivided the genus 



26 
 

into five genera, namely, Phyllotrichia, Schizophycus, Bactrophycus, Arthrophycus and 

Sargassum, based on his idea of evolution of the frond and of the vesicles, together 

with the characteristics of the receptacles in “Species Sargassorum Australiae”.  

 

2.2.5 Biology of Sargassum  

 

The brown algae (Phaeophyceae), although multicellular organisms (usually 

macroscopic), have sperms and zoospores which exhibit the characteristic of motile 

cells. The chlorophylls a and c of Phaeophyceae are masked by xanthopylls, 

particularly fucoxanthin (Figure 1.8) and beta-carotene, resulting in the brown 

appearance of this group. These cell walls of many brown algae are composed of a thin 

cellulose layer surrounded by a thick wall of phycocolloid (a complex, sulfur-

containing polysaccharide), which protect the plants from desiccation, freezing and 

acting as shock absorber. Their chloroplasts are surrounded by four membrane layers 

due to secondary endosymbiont origin. The photosynthetic storage product is the 

polysaccharide laminarin composed of the sugar alcohol mannitol. The habits of some 

taxa are variable due to great form complexity. In short, individuals consist of a basal 

holdfast, stipe of varying length and a blade portion.  

 

Family Sargassaceae is characterized by special branching systems, a single egg per 

oogonium and thallus with a three sided apical cell (Bold and Wynne 1978, Womersley 

1987, Lee 1999). The monopodial (Fritsch 1945, Lee 1999) and lateral branching 

systems provided extra insight in the species identification of this family. One or two 

leaf-like structures will be found at the base of the lateral branch systems, and vesicles 

and receptacles in the remainder of the branch. 
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Figure 1.8 Chemical structure of fucoxanthin. 

 

2.2.5.1 Life cycle of Sargassum 

 

There are three different types of life history in the algae (Clayton and King 1990):  

(i) Alternation of isomorphic generations (gametophyte macrothallus and 

sporophyte filamentous)  

(ii) Alternation of heteromorphic generations (sporophyte macrothallus, 

gametophyte microscopic, filamentous)  

(iii)  One free-living generation only 

 

Phaeophyceae have an alternation of multicellular diploid sporophyte stage and haploid 

gametophyte stages. Some sporophytes produce specialized multicellular branches, 

gemmae, which form detachable plantlets for asexual reproduction. Their life cycles 

parallel those that resulted in land plant and animal life cycles. However, the most 

widely accepted fucalean life history is that the thallus represents the sporophyte 

generation and the greatly reduced gametophyte. 

 

The Sargassum is a diploid gametophytic organism (Figure 1.9). There are two 

methods of reproduction for Sargassum:  

(i) Vegetative regeneration by fragmentation i.e. S. natans Meyen and S. fluitans 

Børgesen  
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(ii) Sexual reproduction. 

 

The reproductive organ for Sargassum, possessed by the mature plant, is the receptacle. 

It has a few conceptacles (flask-shaped cavities of the diploid thallus) which either 

contain antheridia (male reproductive structure) and/or oogonia (female reproductive 

structure). Each oogonium has a wall consisting of three layers: exochite, mesochite, 

and endochite. When mature, the outmost layer, the exochite, burst and releas the egg 

or eggs still enclosed by two wall layer. The timing of the gametes release is correlated 

with the tidal cycle (Bold and Wynne 1985). Figure 1.10 shows the sporophyte (2n) 

produces gametes by meiosis and the resulting zygotes develop back into diploid 

gametophytes. 

 

 

(http://niobioinformatics.in/seaweed/life%20cycle/Sargassum_life.htm) 

Figure 1.9 Life cycle of Sargassum species. 
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(http://niobioinformatics.in/seaweed/life%20cycle/Sargassum_life.htm) 

Figure 1.10 Schematic drawing of gametic meiosis life history. 

 

2.2.6 Habitat and Distribution of Sargassum 

 

Figure 1.11 The coastal zonation of seaweed life forms (after Lüning, 1985).  
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The coastal environment (Figure 1.11) is divided vertically into horizontal zones with 

width varying inversely to the land steepness and water interface. The steeper the 

interface, the narrower are the zones. The upper end of the coastal environment is the 

intertidal zone that comprises an area between the level of the lowest and highest tides.  

 

The Phaeophyceae (ranges from simple anchored uniseriate filaments, simple seaweed, 

to the giant kelps, which measure up to 100 m) are widely distributed among the coastal 

habitats, from the splash and intertidal zone to fairly deep water of colder seas. 

 

The Sargassum found on rocky shores and fringing coral reefs, mainly inhabits 

intertidal and subtidal zones of the coastal areas. Phillips (1995) gave a comprehensive 

account on the distribution of the subgenera and species of Sargassum in the Pacific 

basin. The author reviewed the current taxonomic status of Sargassum as well as the 

biogeography of the subgenera and genus in the Pacific basin, emphasizing on diversity 

and endemism.  

 

Figure 1.12 shows that the subgenus Phyllotrichia and Arthrophycus are mainly 

distributed in the southern area of Australia (Womersley 1987) while subgenus 

Bactrophycus are known only in the eastern Asiatic region (Tseng et al. 1985) 

including most of the species found in the temperate regions of Japan coast (Yoshida 

1983). Subgenus Sargassum is the most widely distributed and prolific in the tropical 

(above 25°C) and subtropical (summer temperatures 20-25°C) regions of the Pacific 

basin. The highest concentration is found in New Caledonia, southern Japan, China, 

Malaysia, Singapore and the Philippines, with a few found in southern Australia 

(Womersley 1987). 
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Figure 1.12 Map shown the geographical distribution of Genus Sargassum according 
to the records from the literature (after Phillips 1998). Letters = various 
subgenera (A= Arthrophycus, B= Bactrophycus, P=Phyllotrichia, S= 
Sargassum). Number = species number within specific geographical 
area. 

 

2.2.6.1 Invasion of Sargassum 

 

S. muticum (Yendo) Fensholt is the classical example of the most aggressive 

Sargassum invader which has resulted in tremendous research efforts where in the 

bibliography of S. muticum by Critchley et al. (1990), the authors listed 314 

publications on this species. It is reported that S. muticum invaded from Japan (origin) 

to Canada (1944), to Britain (1973) and to Mediterranean (1981). S. filicinum which is 

native to Japan and Korea, has also been reported for the first time in April 2006 

California, United States (Miller et al. 2006). 

P1 

P2 

B22 
B1 

A1 

S1 

Sargassum 

Phyllotrichia 

Arthrophycus 

Arthrophycus 
 

Bactrophycus 

P10 

B9 

A5 

A1 S17 

S27 

S8 

S5 

S4 S16 

S4 
S3 

S1 



32 
 

 

2.2.7 General Use and Economical importance of Sargassum 

 

The importance of seaweeds has long been recognized.  Brown seaweeds are one of the 

most important primary producers of near-coastal waters (Jensen 1993, Choi et al. 

2003) and oceans (Raven et al. 2002). They are regarded as a major global carbon sink 

(Smith 1981). Phang et al. (2009) reported a net primary productivity of 2500gC·m-2·d-1 

carbon removal by Sargassum in tropical regions. The main usages of brown seaweeds 

include food for human and animal, as well as medicine (Sargassum) (Tseng and 

Chang 1984, Lewmanomont 1998, Tsutsui et al. 2005). It is widely used as a source of 

alginate (Ascophyllum, Laminaria, Durvillaea, Macrocystis, Lessonia, Saccharina) and 

biotechnology application (Sargassum) to remove heavy metals from waste water 

(Sheila et al. 1994, Trono 1999, McHugh 2003). Brown seaweeds are also collected, 

treated and then sold as fertilizer for agricultural crops. 

 

In China and Japan, fresh Sargassum seaweed is sometimes stir fried and eaten as a 

vegetable. The young shoots of Sargassum are used in soup as flavouring and 

thickening agents or eaten as salad in Philippines (Trono 1999), Thailand 

(Lewmanomont 1998), Indonesia (Sri Istini et al. 1998), Myanmar (Soe-Htun 1998), 

Vietnam (Huynh and Nguyen 1998) and Korea (Chul 1998). Other examples of 

seaweed as food are Kombu (Laminaria), Wakame (Undaria), and Hijiki (Sargassum). 

While Ascophyllum, Durvillaea and Sargassum are used as animal feed (Trono and 

Lluisma 1990, Thomas and Subbaramaiah 1991, Trono 1999). 

 

The use of Sargassum seaweed in the pharmaceutical aspect is dated back to the ancient 

Chinese medicine history since the eighth century A.D. The traditional Chinese 
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medicine system characterized it as ‘cold’ in nature, with salty and bitter taste. Reliable 

scientific research indicated that Sargassum is good at increasing dietary iodine, 

therefore is used to treat goiters. Other ailments which use Sargassum include fever and 

sunstroke (Tseng and Chang 1984). Furthermore, Sargassum as a diuretic widely 

prescribed, is use to increase the urine production and reduce edema.  Sargassum is also 

commonly included in the treatment of hernia pain, swollen testes and Hashimoto's 

disease (a type of thyroid disorders). In combination with silkworm, prunella, and 

scrophularia, it is used to treat scrofuladerma. When combined with water chestnuts, 

Sargassum could treat sillicosis (a type of lung disease). 

 

Today, Sargassum is still used for therapy. Modern herbalists use Sargassum to 

promote weight loss by reducing the water retention in the body. However, its effect on 

the iodine role in the human body could interfere with the body's metabolic rate. 

Researchers showed that Sargassum posses antifungal and potential antibiotic 

properties (Levring et al. 1969, Reichelt and Borowizka (1984). Studies in Japan 

(1998) and Hong Kong (2000), using different but related species of Sargassum, 

indicated that the antioxidants in the seaweed protect the rats' liver from the chemical 

damage in laboratory experiments. This opens up yet another scope of research on the 

Sargassum because of its antioxidant value which might slow aging and reduce the free 

radical damages. 

 

Sargassum species, the only source of alginate (polysaccharide containing D-

mannuronic and L-guluronic acids) and alginic acid in Malaysia are high in economic 

value (Chauhan, 1970; Ang, 1984; Phang and Vellupillai, 1989). Chee et al. (2011) 

conducted alginate characterisation for four Malaysian Sargassum species and 

concluded that their different viscosity range has interesting potential for industrial 



34 
 

applications. Alginates are widely used in various industries such as food, textiles, 

pharmaceuticals, brewing and cosmetics. Alginic acid, on the other hand, is mainly 

used as dye, texture improver, nutritious food, pharmaceutical, and disintegrant. 

 

Alginic acid, when processed into sodium alginate, is able to form emulsions and 

dispersions in a variety of products such as shoe polish, oil drilling mud and food (ice 

creams, gravies' thickener, fruit jelly, artificial fish egg and pet food) (Jensen, 1993). 

Cosmetic creams and masks require the sodium alginate as smoothing agent and gelling 

agent respectively. It is utilized in other industries such as textile printings (as 

thickening agent and material absorptivity improvement), welding rods, water 

treatment coagulant, paper sizing, and micro-encapsulation (Ohno 2004). Propylene 

glycol Alginate, is used mainly in food industries as emulsifying and stabilising 

(stabiliser in acid system with low reactivity to calcium) agents in ice cream, sherbet, 

beverages, syrup, soup, ketchup, sauce, dairy drinks, yoghurt, dressing, mayonnaise, 

jam, margarine, and cheese (Ohno 2004).  

 

In order to meet the huge demand from the various industries listed above, more than 

hundred thousand tonnes of Sargassum are harvested annually in various countries such 

as Indonesia, India, Vietnam and Chile. 

 

In Indonesia (PT. Merlindo Rekamarta, Bandung, and West Java), an alginate factory  

was established in 1992, produced alginate with a capacity of 300 tonnes per year 

requiring an input of about 3000 dry tonnes of Sargassum per year (Sri Istini et al. 

1998; McHugh 2003) and medicinal product called seahealth which is exported to 

China (Sri Istini et al. 1998). In India, the annual quantity of alginophytes harvested 

(from wild population of S. wightii, S. ilicifolium, S. myriocystum, Turbinaria conoides, 
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T. ornate and T. decurrens) during the year 1978-1995, varied from 651-5534 tonnes 

dry weight, whereas alginate production during 1994 and 1995 ranged between 427-

473 tonnes, respectively (Maurh et al. 1998).  

 

In Chile, Kimica Algine Factory solely produce Kimica acid (Alginate acid), Kimica 

algin (Sodium alginate) and Kimica loid (Propylene glycol Alginate) from the large 

temperate brown seaweeds (Laminaria, Macrocystis, Lessonia, Ecklonia, Durvillea, 

Ascophyllum) (Ohno 2004). In southern coast of central Vietnam, Sargassum are 

harvested, dried on the beach and sold at the price of 500-600 Vietnamese Dong per kg 

dry weight from the year 2001 to 2002 (Tsutsui et al. 2005). Several small factories at 

Nha Trang and Ho Chi Minh, Vietnam, manufacturing alginate from Sargassum into 

paste and powder form, which is heavily used in the textile industry (Huynh and 

Nguyen 1998). Binh Duong province, the southern part of Vietnam, is involved in the 

production of liquid and powdered fertiliser using manure and Sargassum since 1997 

(Tsutsui 2005). 

 

Despite playing an important role in various aspects in the alginate industry, the 

biomass yield of Sargassum in Malaysia is too low to sustain harvesting from the wild 

populations, suggested by a study on the two dominant Sargassum species in west coast 

of Peninsular Malaysia (Wong and Phang, 2004). 

 

2.2.8 Ecological importance of Sargassum 

 

Occasionally, seaweeds are used as indicators to monitor the occurrence and severity of 

pollution events. They have proved to be a more sensitive than animal to some 
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pollutants. Sargassum, in this case, has been used as a bio-remediator to remove 

pollutants from wastewater (Sheila et al., 1994).  

 

The dominant vegetation formed by Sargassum species serves as an important 

spawning, nursery and feeding ground for marine organisms including species of 

commercial value such as fishes, crustaceans, shellfish and molluscs (Phillips 1995, 

Steneck et al. 2002). Although it is known that seaweeds respond to grazing pressure 

by producing secondary defensive compounds and/or structural defenses, some marine 

animals take these advantages to gain protection for them. The alternation of 

generations in life cycle also has been interpreted as ecological responses to herbivore 

interactions.  

 

Sargassum also stabilizes shorelines against wave erosion (William and Feagin 2009). 

The surfaces of Sargassum slow down water by setting up a surface shear stress. It also 

poses a holdfast that is able to resist separation from the substrates. Therefore, it is 

morphologically adapted in ways that allow them to cope with these acceleration forces 

that pulls on it.  

 

A few renowned researchers have reported the distribution and ecology of marine algae 

in Peninsular Malaysia (Sivalingam 1977, 1978; Arumugam 1981; Crane 1981; Phang 

1984, 1986, 1988, 1995; Wong and Phang 2004) and Sabah (Khew 1978).  Only the 

subgenus Sargassum is found so far.  
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2.2.9 Problems in Taxonomic Studies of Sargassum 

 

Taxonomic studies are crucial in establishing correct identification of the species. It 

would help to ensure that the biotechnological application is successful and the ecology 

of the aquatic ecosystems along with the global biogeochemistry is well understood 

(Graham and Wilcox 2000).  

 

The taxonomy studies of Sargassum revealed various difficulties owing to the highly 

differentiated morphological features as well as temporal, intra-individual, inter-

individual, environment, and geographical variability (Wong and Phang 2004). There 

are certain irregularities in morphological changes of branches, leaves, and vesicles 

according to ages, developmental stages, and habits of the plants of Sargassum (Soe-

Htun and Yoshida 1986).  The extensive distribution and high degree of morphological 

variation of subgenus Sargassum complicated the specific subgenus determination 

(Soe-Htun and Yoshida 1986, Kilar and Hanisak 1988, 1989).  

  

Taxonomic inconsistencies remain to be a main problem for the identification of 

Sargassum. These taxonomic problems could also arise from the haphazard 

measurements of variation, highly variable morphological features of each taxa (which 

make species description inadequate), incomplete species description, incomplete 

specimens, sterile specimens, and incomplete ecological, development and reproductive 

information. Besides, Sargassum plants vary greatly in morphological characters 

according to age, sex, environment, and physical disturbance.  

 

Lack of field studies by earlier taxonomists, resulted in each morphological variant to 

be regarded as a distinct taxon. For instance, Grunow (1915, 1916) stated the 
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importance of the size and distribution of cryptostomata in the taxonomic of 

Sargassum. Subsequently, Kilar and Hanisak (1988) observed the cryptostomata for S. 

polyceratium varies seasonally. The blades are broad with numerous, small, randomly 

distributed cryptostomata initially but eventually they would be narrow, with less and 

large cryptostomata (mostly arranged in two rows, one on each side of the midrib) in 

the end of the growing season. The authors recognized 47 phenotypes from a single 

population. Ahmad (1998), in his numerical phenetic studies on Malaysian Sargassum, 

found that the taxonomic description by various authors is inadequate thus focused 

mainly on the vegetative morphological characters. Apart from that, studies on S. 

polycystum (Chiang et al. 1992) and S. siliquosum from Malaysia (Phang et al. 1995) 

also revealed great variation in morphological characters. 

 

Misidentification is another serious problem in the taxonomy of Sargassum. Mattio et 

al. (2008) observed that type specimens of Sargassum often poorly reflect intraspecific 

polymorphism occurring in nature. Most of them are described from incomplete 

material often collected in drift. These specimens are occasionally ecotypes of the same 

taxon, to which several different epithets were applied. Subsequently, numerous species 

names have been transferred to synonymy (Silva et al. 1996). Ajisaka et al. (1999) 

reported misidentification in the text figures of “Seaweeds of Singapore” (Teo and 

Wee, 1983). According to Trono (1999), most of the Phaeophyceae in the Philippines 

appear to be incorrect identifications or synonyms; for instance, some 56 species of 

Sargassum are listed, but recent monographic studies of the genus have recognized 

only 28 species, eight of which were described as new species.   

 

Several approaches had been suggested to overcome the problems (Kilar et al. 1992, 

Prud’homme van Reine 2001).  These include seasonal studies, transplant experiments, 
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reaction norms, inter-locality studies, numerical taxonomy, use of morphometrical and 

multivariate technique, culture studies, and application of genetic and molecular 

studies. 

 

2.2.10 Molecular studies on Phaeophyceae 

 

Traditional classification systems for brown algae are based on four basic features 

(Bold and Wynne 1985, de Reviers and Rousseau 1999):  

(1) Type of life cycle,  

(2) Type of gamy,  

(3) Mode of growth, and  

(4) Morphological construction of the thallus 

 

These features have been arbitrarily assigned as ancestral or derived evolutionary states 

and used to construct classification systems that hypothetically reflect the phylogenetic 

relationships (Phillips et al. 2008b). Current evidence indicates that the taxonomic 

groupings that were previously made on the basis of thallus structure do not 

consistently reflect the patterns of evolutionary diversification in Phaeophyceae 

accurately. In contrast, aspects of brown algal life history and the ultrastructure of 

flagellate cells tend to correspond more closely to the molecular-based phylogenies 

(Graham and Wilcox 2000).  

 

Molecular data offers an alternate means to evaluate taxonomic and phylogenetic 

concepts, especially for the brown algae. Tan and Druehl (1993) were among the 

pioneers to apply molecular data (18S rDNA) to test the systematic concept on the 

brown algae. From the experiment, the authors suggested that the brown algae might in 
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fact fall into two groups, the cells with stalked pyrenoid and the cells lacking or having 

reduced pyrenoid.  

 

Peters and Clayton (1998) erected a new order, Scytothamnales, based on distinctive 

stellate plastid arrangement with a single central pyrenoid and SSU rDNA data. Their 

research was studied more in-depth by de Reviers and Rousseau in 1999. Despite the 

efforts of Rousseau et al. who conducted a more comprehensive study on 

Phaeophyceae in 2001, the results poorly supported phylogenies for majority of the 

orders due to the genes used (partial SSU and LSU rDNA). The authors did not support 

the order Scytothamnales proposed by Peters and Clayton (1998). However, they 

suggested that the Dictyotales, along with the Sphacelariales and Syringodermales, 

represent early diverging clustered into a “crown radiation” suggestive of a rapid 

radiation.  

 

Draisma et al. (2001) provided the first evidence that the earliest diverging brown algae 

was not Ectocarpus but instead was Choristocarpus tenellus using new rbcL and partial 

LSU rDNA together with previous published rDNA data. In the same year, Peter and 

Ramirez merged Scytosiphonales, Dictyosiphonales and Chordariales into 

Ectocarpales. Cho et al. (2004) further verified the divergence of Choristocarpus when 

he proposed the new order Ishigeales using chloroplast genes. New families have been 

proposed from the molecular studies, i.e. Adenocystaceae (Rousseau et al. 2000), 

Akkesiphyceae, Halosiphonaceae (Kawai and Sasaki 2000), Onslowiaceae (Draisma 

and Prud’homme van Reine 2001), Phaeotrophiaceae (Kawai et al. 2005). Table 1.3 

provides the list of research done by various authors using different molecular markers 

to infer the phylogenetic relationships in Phaeophyceae. 

 



 
 

Table 1.1 Classification of Subgenus and Sections of Genus Sargassum (Yoshida 1989). 

 

Subgenus Section morphological characteristic Type specimen Distribution 

Phyllotrichia (Areshoug) J. 
Agardh 

 flattened branch development, more or less foliar 
pinnatified expansions and terminal vesicles 

S. sonderi (J. Ag.) J. Ag. Southern hemisphere (except 
S. piluliferum) 

 Heteromorphae J. Agardh  S. heteromorphum  

 Cladomorphae J. Agardh  unknown  

 Phyllomorphae J. Agardh  unknown  

 Pteromorphae (Kutzing?) J. Agardh  unknown  

 Dimorphae J. Agardh  unknown  

Schizophycus J. Agardh  vesicles are borne on the basal part of the leaf (i.e. 
vesicles with a coronal leaf) 

S. patens East Asia (Japan, Korea) 

Bactrophycus J. Agardh  well-differentiated leaves and vesicles, leaves 
simple and retroflex at the base, at least in the 
lower part of the branch, simple receptacles and in 
silique form 

S. horneri (Turn.) C. Ag. 
(lectotype) 

East Asia (except S. muticum, 
which was intriduced to 
Pacific coast of north 
America and Europe) 

 Spongocarpus (Kutzing) Yoshida  S. horneri (Turn.) C. Ag.   

 Teretia Yoshida  S. confusum C. Ag.  

 Halochloa (Kutzing) Yoshida  S. siliquastrum (Mert. Ex 
Turn.) C. Ag. 

 

 Repentia Yoshida  S. okamurae Yoshida et 
Konno 

 

 Hizikia (Okamura) Yoshida  S. fusiforme (Harvey) Setchell  

Arthrophycus J. Agardh  compound receptacles  Southern hemisphere 
(predominantly Australia), 
Setchell (1933) attribute 
certain species from Hong 
Kong to this subgenus 



 
 

 Schizophylla J. Agardh  unknown  

 Holophylla J. Agardh  unknown  

 Heterophylla J. Agardh  S. heterophyllum  

Sargassum J. Agardh*  well-differentiated leaves and vesicles, leaves not 
retroflex at the base, compound receptacles 

S. bacciferum (Turn.) C. Ag. Tropical and subtropical area 

 Zygocarpicae (J. Agardh) Setchell receptacles are mixed with vesicles and leaves S. carpophyllum J. Ag.  

 Acanthocarpicae (J. Agardh) receptacles flattened and spinous S. hystrix J. Ag.  

 Malacocarpicae (J. Agardh) receptacles cylindrical, smooth without spines, 
racemosely arranged 

unknown  

 

 

*The subgenus Sargassum has axillary fronds that gradually become decompounds, usually bearing simple leaves, and with vesicles arising within the 

uppermost part of the leaf; vesicles are spherical to rarely elliptical, terminated by a sharp tip, or without a sharp tip; receptacles, formed on modified 

axillary branches, are more or less compound, in racemes, panicles, or cymes, sometimes somewhat terete, and tending to be smooth, or sometimes 

angular and often armed with teeth. Subgenus Sargassum contains almost 50 % of the species in the genus, which allowed the genera to subdivide into 

sections and subsections for taxonomic purposes. (Refer to present Agardhian system in Appendix 1, Phang et al. 2008). 

 

 

 



 
 

Table 1.3 List of research done using different molecular markers in Phaeophyceae (Updated after Wong 2006) 

Species/Family/Order Gene References 

Sargassum fluvellum 5S rRNA Lim et al. 1983 

Acinetospora Bornet, Sargassum, Akkesiphycus Yamada & Tanaka 5S rRNA Lim et al 1986 

Costaria costata (C. Agardh) Saunders 18-28S rDNA Bhattacharya & Druehl 1987 

Pylaiella littoralis (Linnaeus) Kjellman psaB Assali & Goer 1992 
Chordariales, Desmarestiales, Dictyosiphonales, Dictyotales, Ectocarpales, Fucales, Scytosiphonales, 
Syringodermatales 18S rRNA Tan & Druehl 1993 

Lessoniopsis Reinke 18S rDNA, ITS Sauder & Druehl 1993 

Macrocytis pyrifera (Linnaeus) C. Agardh Fcp Apt et al 1993 

Scytosiphon lomentaria (Lyngbye) Link 18S, 5.8S, 26S and 5S rDNA Kawai et al. 1995 

Phaeophyceae Rubisco spacer Siemer et al., 1998 

Sporochnales, Desmarestiales, Laminariales 18S rDNA Tan & Druehl 1996 

Dictyotaceae ITS, 5.8S rDNA Lee & King 1996 

Desmarestiaceae ITS1 & ITS2 Peters et al. 1997 

Fucales rbcL Rousseau et al. 1997 

Ectocarpus Lyngbye, Kuckuckia Hamel Rubisco, ITS Stache-Crain et al. 1997 

Myagropsis myagroides (Mertens ex Turner) Fensholt 18S rDNA Horiguchi & Yoshida 1998 

Scytothamnales ITS Peters & Clayton 1998 

Sargassum rbcLS operon Phillips 1998; Phillips & Fredericq 2000; Phillips et 
al. 2005 

Chorda rDNA Peters 1998 

Laminarionema elsbetiae Kawai et Tokuyama SSU nrDNA, ITS Peters & Burkhardt 1998 

Fucales LSU and SSU rDNA Rousseau & de Reviers 1999 

Laminariales SSU rDNA Boo et al. 1999 

Desmarestia chordalis Hooker et Harvey ITS Peters et al. 2000 

Sargassum boreal Yoshida, Stiger & Horiguchi sp. nov. ITS2 Yoshida et al. 2000 

Sargassum ITS2 nrDNA Stiger et al. 2000, 2003 



 
 

Adenocystaceae LSU rDNA, SSU rDNA Rousseau et al. 2000 

Phaeophyceae 18S & 28S rDNA Rousseau et al. 2001 

Phaeophyceae rbcL, 18S & 26S rDNA Draisma et al. 2001 

Caepidium antarcticum J. Agardh SSU, ITS and LSU rDNA, rbcL, Rubisco spacer Peters & Ramirez 2001 

Alaria esculenta (Linnaeus) Greville, A. grandifolia J. Agardh Rubisco, ITS Kraan et al. 2001 

Scytosiphonaceae Rubisco spacer Cho et al. 2001 

Alariaceae, Laminariaceae, Lessoniaceae Rubisco spacer, ITS Yoon et al. 2001 

Sargassum ITS, 5.8S rDNA Oak et al. 2002 

Sphacelariales rbcL Draisma et al. 2002 

Dictyotaceae rbcL, Rubisco, 18S rRNA Lee & Bae 2002 

Phaeophyceae Rubisco Lee et al. 2002 

Ishige okamura Yendo, I. sinicola Setchell et Gardner SSU rDNA Lee et al. 2003 

Spatoglossum pacificum Yendo rbcL, rbcS, psaA, psbA Hwang et al. 2004 

Sphacelaria rigidula Kutzing, S. fusca (Hudson) Gray, S. didichotoma Saunders Rubisco spacer Keum et al. 2005 

Phaeostrophio irregulare Setchell & Gardner, Phaeostrophiaceae fam. nov., Ishigeaceae rbcL, 18S & 26S rDNA Kawai et al. 2005 

Phaeophyceae rbcL, LSU rDNA Phillips et al. 2008b 

Sargassum ITS2, partial rbcLS & cox3 Mattio et al. 2008, 2009, Mattio and Payri, 2009, 
2011 

Sargassaceae, Cystoseira psbA, mt23S Draisma et al. 2010 
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2.2.11 Molecular studies on Sargassum 

 

The earliest molecular approaches to study Sargassum were performed by Lim et al. 

(1983, 1986). The authors focused on the molecular evolution of Sargassum fluvellum 

using 5S rRNA sequences and estimated that Phaeophyceae originated about 200 

million years ago. Recent molecular studies by Phillips et al. (2008a) corrected the 

evolution divergent time to 62-124 millions of years ago.  

 

Ho et al. (1995) was the first reported using Random amplified polymorphic DNA 

(RAPD) on seaweed in the world. RAPD is one variation of PCR which generates 

DNA fingerprints with a single synthetic oligonucleotide. The authors were also the 

first to study the Sargassum species (S. baccularia, S. glaucescens, S. oligocystum, S. 

polycystum and S. siliquosum) in Malaysia. Their studies showed that the RAPD 

profiles did not correlate with the morphological grouping although it was useful in 

generating individual fingerprints. Other researchers benefitted from the RAPD were 

Ng (1998), Engelen et al. (2001) and Wong et al. (2004). In 1998, Ng successfully 

separated S. binderi from S. oligocystum from Malaysia. Whereas, Engelen et al. 

(2001) used RAPD to examine the genetic diversity of S. polyceratum Montagne 

around Curacao Island, and concluded that the island topology, current regimes and 

depth are important in the differentiation of S. polyceratum in that Island. Another 

crucial study signifying the importance of RAPD was demonstrated by Wong et al. 

(2004). The authors utilized RAPD to separate S. baccularia from S. polycystum. 

 

Lately, researchers have used a more specific approach such as DNA sequencing to 

study the phylogenetic relationship of Sargassum. They employ specific primers which 

binds to nuclear gene such as Internal Transcribed Spacer (ITS) regions, plastic gene 
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such as large subunits of Rubisco gene (rbcL) and partial rbcLS spacer and 

mitochondrial gene such as cox3. 

 

Phillips (1998) did not recommend the use of (ITS) regions to study the phylogeny of 

Sargassaceae and Sargassum species due to the great size differences of the spacer 

region among Sargassum species. Similarly, Serrăo et al. (1999) reported high within-

individual variability in these gene regions and thus discourage the use of ITS regions 

in Fucus species. The problems encountered by Phillips (1998) and Serrăo et al. (1999)  

were overcome by Stiger et al. (2000) by adding appropriate gaps in the secondary 

structure of RNA transcript of ITS-2 sequences for 19 Sargassum species. In 2002, Oak 

et al. utilized ITS and 5.8S rDNA to examine the relationships of 23 Sargassum with 

emphasis on subgenus Bactrophycus. The authors reported that different molecular 

trees were obtained from both ITS-1 and ITS-2 and from solely ITS-2. Consequently, 

they suggested Hizikia fusiformis to be place as a member of genus Sargassum.  

 

Phillips and Fredericq (2000) suggested the evolutionary history of Gulf/Carribean 

species represented a single geographic unit in the subgenus Sargassum, section 

Malacocarpicae based on rbcLS operon. Subsequently, Phillips et al. (2005) used the 

rbcL and rbcLS operon to test the phylogenetic concepts within pan-Pacific genus 

Sargassum. Figure 1.13 and Figure 1.14 show the phylogenetic trees produced from 

Maximum Parsimony and Bayesian Analysis by Phillips et al. (2005). Both 

phylogenetic trees showed that the molecular analysis did not correlate with the 

morphological grouping of genus Sargassum.  The authors concluded that the results 

supported Agardh’s (1889) subgeneric to sectional level taxonomic concepts except the 

placement of the subgenera Phyllotrichia species, the three anomalous sectional level 

designations and Agardh’s (1889) phylogenetic concepts. 



45 
 

 

 

 

Figure 1.13 rbcL Bayesian phylogram. Numbers on or near branch nodes represent 
maximum parsimony and Bayesian statistical support, respectively. 
Acantho, Acanthocarpicae; C, Cystoseiraceae; F, Fucaceae; Malaco, 
Malacocarpicae; S, Sargassaceae; Zygo, Zygocarpicae (after Phillips et 
al. 2005). 
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Figure 1.14 rbcLS spacer region Bayesian phylogram. Numbers on or near branch 
nodes represent maximum parsimony and Bayesian statistical support, 
respectively. Numbers distinguish multiple collections of taxa. A, 
subgenus Arthrophycus; A/G/B, section/subsection/series 
Acanthocarpicae/Glomerulatae/Binderiana; A/G/P, 
section/subsection/series Acanthocarpicae/Glomerulatae/Platycarpae; 
B, subgenus Bactrophycus; C, Cystoseiraceae; M/F, section/subsection 
Malacocarpicae/Racemosae; P, subgenus Phyllotrichia; S, Sargassaceae; 
S, subgenus Sargassum; Z/H, section/subsection 
Zygocarpicae/Holozygocarpicae; Z/P, section/subsection 
Zygocarpicae/Pseudozygocarpicae (after Phillips et al. 2008b). 
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Mattio et al. (2008) used a combination of ITS-2 spacer region, partial rbcLS and 

mitochondrial cox3 gene to assess the taxonomic position of 14 taxa of Sargassum from 

French Polynesia. The authors separated the taxa into four morphotypes based on 

different leaf morphology, vesicles, receptacles and reproductive strategy. However, 

the poor molecular polymorphisim observed between S. pacificum and S. obtusifolium 

provided limited insight into the species boundaries and implied that they may be 

conspecific (Figure 1.15). Therefore, based on both morphological and molecular 

analysis, the authors proposed that S. bacciferum J. Agardh var. latiuscula Grunow, S. 

bisserula forma pacifica Grunow, S. boraborense (Grunow) Setchell, S. mangarevense 

(Grunow) Setchell, S. sociale (Grunow) Setchell, and S. tahitense Grunow to be 

considered as heterotypic synonyms of S. pacificum. On the other hand, Sargassum 

skottsbergii Sjőstedt, S. hawaiiensis Doty et Newhouse, S. divaricatum var. chilensis 

Grunow, S. obtusifolium J. Agardh forma chamberlainii Grunow, and S. obtusifolium J. 

Agardh forma lendigeroides Grunow are further regarded as heterotypic synonyms of 

S. obtusifolium. 

 

 

Figure 1.15 Neighbour-joining (NJ) tree based on concatenated ITS-2 + partial 
rbcLS + cox3 alignment. Bootstrap for 1000 replicates calculated with 
NJ/maximum parsimony (MP) methods. Root: S. decurrens. A, 
Acanthocarpicae, M, Malacocarpicae, FP, French Polynesia; HI, 
Hawaiian Islands; NC, New Caledonia. (after Mattio et al. 2008) 
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2.2.12 Rationale and Significance of using the marker of interest 

 

Avise and Wollenberg (1997) argued that multiple concordant differences are a far 

better criterion for recognizing the species restrictions. Various conflicts between the 

biological and phylogenetic species concepts (Cracraft 1989) evaporate when this 

approach is used. When a single gene is being investigated, only a segment of genome 

was sampled. However, if more genes were used, it would reduce the sampling errors 

inherent (Martin W. et al. 2005) and increase confidence in the results of phylogenetic 

analyses. 

 

2.2.12.1 Significance of using rbcL gene and spacer 

 

Many phycologists have studied the rbcL gene region of Phaeophyceae for 

phylogenetic analysis purpose (Draisma et al. 2002, Phillips et al. 2005), which is 

commonly used for ordinal to generic-level comparison (Draisma et al. 2001, Peters 

and Ramirez 2001). Draisma et al. (2002) reported that for the Phaeophyceae 

phylogenetic studies, rbcL has more resolving power than rDNA. However, the reason 

for this statement is unclear based on the fact that both genes are highly conserved.  

 

Apart from rbcL gene, Rubisco spacer sequences are frequently employed as 

phylogenetic markers for both closely related brown and red algae in the world (Maggs 

et al. 1992, Goff et al. 1994, Stache-Crain et al. 1997, Siemer et al. 1998, Zuccarello et 

al. 2000, Lee et al. 2002). Of those who used it were Phillips et al. (2005), who 

succeeded in determining the closest lineage to the genus Sargassum along with 

gaining other insights into generic to family level issues within the fucalean lineages by 

using the more conservative region of the rbcLS operon. The authors produced the first 
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modern phylogenies for Sargassum. However, studies on both rbcL and spacer for 

Sargassum only infer a small different phylogenetic relationship in the brown 

seaweeds, specifically in the Sargassaceae family.  

 

Studies on other problematic Phaeophyceae members include Laminariales and 

Tilopteridales (Sasaki et al. 2001), using Rubisco (rbcL and spacer) and rDNA (5.8S, 

ITS2 and partial 26S) sequence data by Sasaki et al. (2001). The authors reported that 

the rbcL data obtained showed contradiction to conventional taxonomy on the basis of 

life history patterns and morphological features. Apart from that, reassessment of 

species boundaries in Cystoseira and Halidrys (Julio and Lynda, 2006), study on 

molecular phylogeny of the Family Scytosiphonaceae (Cho et al., 2006), and 

investigation on molecular and morphological relationships between Turbinaria ornate 

and T. conoides (Audery et al., 2007) were reported using Rubisco gene. The most 

recent studies using partial rbcLS was done by Mattio et al. (2008) to reevaluate the 

phylogenetic relationship of Sargassum in French Polynesia. 

 

2.2.12.2 Significance of using ITS region  

 

By using only ITS region (ITS1-5.8S-ITS2) of nuclear ribosomal, Serrão, et al. (1999) 

revealed that Fucus is not considered ancestral in the Fucaceae but identified two 

strongly supported lineages within Fucus. The authors then claimed that ITS region 

was not useful for resolving relationships within each of the clusters as well as between 

populations of F. vesiculosus. However, variation within individual is high in Fucus (a 

derived genus) compared to Ascophyllum (a more ancestral genus).  
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Subsequently, Stiger et al. (2000) successfully showed that ITS-2 sequences resolved 

the phylogenetic relationships within the Sargassum genus well, especially at subgenus 

and sectional level. The authors recommended that species in the same family shared 

minimal intra-species variability. Moreover, the alignment of sequences was not 

difficult compared to those mention by Serrão, et al. (1999). They agreed that ITS 

region was not appropriate for the study of phylogeny due to huge differences in sizes 

among the species. However, this problem was eventually resolve by putting in suitable 

gaps by using secondary structure of the RNA transcript of ITS-2 sequences, which 

resulted in permitting an appropriate primary sequence alignment. Using the same 

molecular marker (ITS-2), Stiger et al. (2003) suggested that the subgenus Sargassum 

was divided into three clades (Phyllotrichia, Sargassum and Bactrophycus) 

corresponding to the three known sections: Acanthocarpicae, Malacocarpicae and 

Zygocarpicae, previously recognized by the morphology of receptacles. 

 

Oak et al (2002) examined the phylogenetic relationships of Sargassum, emphasising 

on the subgenus Bactrophycus based on the ITS and 5.8S rDNA. The authors claimed 

that Hizikia should be treated as a member of the genus Sargassum and suggested that 

Repentia and Halochloa were closely allied according to the phylogenetic tree 

produced. The phylogenetic tree of Mattio et al. (2008, 2009) showed that the subgenus 

Sargassum diverged later than subgenus Bactrophycus and subgenus Arthrophycus by 

using ITS-2 region. 

 

Kim and Kawai (2002) reported the use of intragenic spacer (IGS, between 26S and 5S) 

rDNA regions for molecular phylogenetic analysis, provide resolution for the study of 

closely allied taxa, where ITS unable to resolve.  The authors stated that the IGS rDNA 

regions revealed to be three to eight times more variable compare to ITS rRNA regions, 
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based on the comparison of percentage of base substitutions (% pairwise sequence 

heterogeneity). However, a more recent study by Draisma et al. (2012) described that 

intra-individual variation of this LSU-5S intergenic spacer was extremely high and was 

characterized by great length variation plus a high number of short tandem repeats, 

therefore unalignable. The authors concluded that the LSU-5S intergenic spacer is not 

suitable for phylogenetic and phylogeographic studies of Sargassacean taxa. 

 

2.2.12.3 Significance of using cox3 gene 

 

Many genes or regions from nuclear DNA and plastid DNA have been used for algal 

phylogenetic study. However, mitochondrial DNA was not widely used in seaweeds as 

it was in animals.  

 

Zuccarello et al. (1999) were the first to attempt the use of mitochondrial cox2-3 spacer 

in the study of three orders of red algae (Gracilariales, Bonnemaisoniales and 

Ceramiales). Based on the study, the authors found that the cox2-3 spacer was 

successfully amplified for all the species from the three orders. The sequences proved 

that this marker was variable within species and even within populations. Furthermore, 

it has the potential to be used as the marker for population and demographic studies on 

red algae. Thereupon, the mitochondrial marker cox2-3 spacer was used for study on 

Gracilaria species (Byrne et al. 2002, Cohen et al. 2004) and Bostrychia (Zucarello 

and West, 2002).  

 

Cox3 mitochondrial gene is believed to be a good taxonomic marker for brown algae 

presently. It is appropriate for species level identification because of high inter-species 

variability yet greatly conserved among each species. Kogame et al. (2005) were the 
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first to report using cox3 gene to infer the phylogenetic relationships of Scytosiphon 

lomentaria. The authors concluded that mitochondrial cox3 is very useful for 

investigations of intra-specific relationships in brown algae too. Uwai et al. (2006) used 

cox3 and tatC-tLeu region to investigate genetic diversity in Undaria pinnatifida 

(Laminariales, Phaeophyceae). The authors gave very detailed genetic diversity studies 

of Undaria in Japan. Another research team, Mattio et al. (2008), utilised the cox3 gene 

to infer the phylogenetic relationship of Sargassum species in French Polynesia. 

Nevertheless, the authors did not show the results of cox3 sequence alignment as it did 

not have more information than ITS-2 regions and partial rbcLS used. In 2009, based 

on the cox3 haplotype, Uwai et al. infer the geographical, genetic and phylogeography 

of Sargassum horneri/filicinum complex in Japan and suggested that S. filicinum should 

reduced to synonym S. horneri. 
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2.3 Why Malaysia? 

 

2.3.1 Geographical and climate situation of Malaysia 

 

Situated north of the equator, with the latitude of roughly 1.27° and 6.72° N and the 

longitude of roughly 99.64° and 104.53° E of Greenwich (Figure 1.16) is Malaysia. 

Malaysian climate is dominated by monsoonal wind systems, with the Northeast 

Monsoon blowing between November and March (rainy season), while the Southwest 

Monsoon brings rain from May to September (dry season). With a coastline totalling 

3432 km with 418,000 km2 of coastal shelf, there are various lagoons, bays, estuaries, 

mangrove swamps and fringing coral reefs surrounding it (Phang 2006). 

 

West coast of Peninsular Malaysia has a close proximity to Sumatra, Indonesia. 

Therefore, this sheltered condition as well as the exudates from many rivers along the 

coastline have caused the mangrove swamps domination. The outcrops of post-Triassic 

granitic rock resulted in rocky shores along the coasts of Perak state, Melaka state and 

north east coast of Peninsular Malaysia. Triassic quartzite and shale further south of 

east coast of Peninsular Malaysia have caused the coastline to be mainly sandy with 

rocky shores. The East Malaysia (states of Sabah and Sarawak) coastline is sandy with 

extensive fringing reefs.  

 



 
 

 

(http://en.wikipedia.org/wiki/File:World_map_with_equator.jpg) 
 
Figure 1.16 World map showing Malaysia with equator.  
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The Malaysia coastal waters have the salinity range from 28 to 34 ppt (Phang 2006). 

Low salinities are observed during November to December (coinciding with the 

Northeast Monsoon) and May to August (coinciding with the Southwest Monsoon) 

(Gomez 1980). Maximum salinities occur in between the monsoons. The west coast 

Peninsular Malaysia receives about 30 to 380 mm of rainfall per month (Phang 1998). 

The west coast of Sabah receives more than 1032 mm of rain per year while the coastal 

areas of Sarawak experiences up to 3600 mm per year. The west coast Peninsular 

Malaysia experiences semi-diurnal tides, the east coast Peninsular Malaysia have mixed 

tidal systems, the west and east coasts of Sabah experience mixed tides with prevailing 

diurnal and semi-diurnal regimes, and the Sarawak coast has mixed tides dominated by 

semi-diurnal regimes (Wyrtki 1961).  

 

The surface currents change with the monsoons. During the Southwest monsoon, 

northerly currents prevail along Peninsular Malaysia and the west coast of East 

Malaysia. During the Northeast monsoon, northerly currents occur along the west coast 

of Peninsular Malaysia but all along the rest of the coastline of both Peninsular and 

East Malaysia, southerly currents dominate. The surface water temperatures range 

between 27 to 29°C, with a decrease during the monsoons (Phang 2006). 

 

Figure 1.17 shows the most recent sea surface temperature (SST) determined primarily 

through the conversion of infrared emission from the ocean surface detected by the 

USA Terra Moderate Resolution Imaging Spectroradiometer (MODIS) Satellite. For 

Peninsular Malaysia mosaic image, higher SST of 32°C to 34°C are detected over 

northern part of Strait of Malacca and Tioman marine region, while elsewhere 

relatively less warmer SST of 29°C to 31°C are detected. Warmer temperature indicates 
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the possibility of high fish volume over the surrounding. The SST of 32°C to 33°C are 

detected over the coastal water of Kuching, Mukah, Bintulu and Labuan marine region 

while elsewhere of East Malaysia, the SST of 29°C to 31°C are detected. 

 

 

(http://www.met.gov. my/people/agromet/sst_cc.pdf) 

Figure 1.17 The sea surface temperature of Malaysia detected by the USA Terra 
(MODIS) Satellite from 23 to 27 March 2009.  

 

 2.3.2 Marine algal diversity of Malaysia 

 

The marine algal flora of Malaysia has similarities to the flora of the Indo-Pacific 

region. The first checklist in Malaysia was published by Phang and Wee (1991). Phang 

et al. (2007) updated the checklist of Malaysia marine algal flora. From the data 

recorded, the authors reported that the coral reef supported the highest diversity of 

species, followed by rocky shores and sandy muddy areas. Table 1.4 shows the early 

and recent collections of marine algal flora of Malaysia and Singapore by various 

authors to date. From the reports, the Sargassum recorded in East Malaysia (Omar et al. 

1985) was different from those from Peninsular Malaysia (Phang and Wee 1991). 
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Sargassum stolonifolium, which is found mainly on to the rocky shores of Penang 

Island, north-west of Peninsular Malaysia, was described (Phang and Yoshida 1997). 

 

Table 1.4 List of records by various authors of marine algal flora of Malaysia and 
Singapore 

 
List of records 

Author(s) Year Author(s) Year 
Martens  1866 Terada et al. 2000 
Zanardini  1872 Masuda et al. 2000a, b, 2001a, b 
Gepp & Gepp  1911 Lim et al. 2001 
Teo & Wee  1983 Ajisaka 2002 
Phang  1984, 1989 Kawaguchi et al. 2002 
Omar et al. 1985 Masuda et al. 2002, 2003 
Phang & Wee  1991 Tani et al. 2003 
Phang  1994a, b, 1995 Tani & Masuda 2003 
Ahmad Ismail  1995 Yamagishi et al. 2003 
Phang  1997, 1998 Lim & Phang 2004 
Masuda et al.  1997, 1999 Phang et al. 2005, 2007 
Ajisaka et al.  1999 Phang 2006 
  Phang et al. 2007 

 

The marine algal collected by Phang (1984, 1989, 1994a, 1994b, 1995, 1997, 1998, 

2006), Phang and Wee (1991), Masuda et al. (1997, 1999, 2000a, 2000b, 2001a, 2001b, 

2002, 2003) and Phang et al. (2005, 2007) are deposited at the Seaweed and Seagrasses 

Herbarium established at the Science Faculty of Institute of biological Sciences, 

University of Malaya, which currently houses more than 10,000 herbarium specimens 

collected from Malaysia and the Herbarium of the Graduate School of Science, 

Hokkaido University, Japan. 

 

The present tally of taxa of marine algae in Malaysia and Singapore is 388, with 8 

families, 17 taxa of Cyanophyceae; 13 families, 102 taxa of Chlorophyceae; 27 

families, 182 taxa of Rhodophyceae; and 8 families, 87 taxa of Phaeophyceae (Phang et 

al. 2007). Table 1.5 shows the dominant species of each Class in general. Many small 

species of Rhodophytes and Chlorophytes are epiphytic on the larger species.  
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Table 1.5 Number of taxa of each Class, the dominant species and substratum 
inhabited by the species (after Phang et al. 2007). 

 

Class Family Taxa Dominant species substatum 
Cyanophyceae 8 17 Brachytrichia intertidal rocks & dead corals 
    Lyngbya & Oscillatoria mudflats & sandy muddy areas 
Chlorophyceae 13 102 Caulerpa coral reef 
    Ulva nutrient-rich shores & mudflats 
Rhodopyceae 27 182 Gracilaria sandy muddy intertidal 

mudflats, estuaries & 
mangroves 

    Halimeda, erect & crustose 
coralline 

coral reef 

Phaeophyceae 8 87 Sargassum coral reef & rocky shores 
    Dictyota & Padina sandy muddy, coral & rocky 
    Turbinaria & Lobophora intertidal coral reefs 

Total taxa 388     

 

 

2.3.3 Economic Seaweeds of Malaysia 

 

Malaysians use seaweeds as food, animal feed, fertilizer and in traditional medicine 

(Burkill 1966, Hooper 1960, Zaneveld 1959, Phang 1984). The seaweed industry in 

Malaysia was originally based on the cultivation and sale of sun-dried seaweeds outside 

the country for processing. Caulerpa, Sargassum and Ulva, consumed as salads, are 

collected by both Malay and Chinese fishing communities.  

 

Since the early seventies, Eucheuma is produced by mariculture in Sabah for sale to 

Cebu in the Philippines. Gracilaria is grown experimentally in Peninsular Malaysia and 

has not reached commercial scale. A few species of Caulerpa and Solieria are collected 

from the wild and sold in the wet markets of Kota Kinabalu, Semporna, Tawau and 

Sandakan in Sabah (Siti Aishah Abdullah et al. 2004). Seaweed production in Sabah 

rose from about 500 tonnes in the early nineties to peak at around 4700 tonnes in 2001 
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(Ahemad Sade 2004). Sabah, contributed to 22.2% of the total gross aquaculture 

production of 11,556 tonnes in 2002. This amount was valued at 2.5% of RM 175 

million (Ahemad Sade 2004). The value for seaweed export from Sabah is RM 10.2 

million for 2001 and RM 6.6 million for 2002 (Phang 2006). However, the sales 

plunged down to only 2750 tonnes in 2003 (Ahemad Sade 2004). The only seaweed 

processing mills for 'semi refined caragenaan' (SRC) in Sabah (Semporna and Lahad 

Datu-based) are operating at only 50 per cent capacity because of severe shortage in 

seaweed supplies. The SRC produced is for export to Japan, UK, USA, China and 

Korea. Under the Ninth Malaysia Plan (9MP), Sabah has been given the entire mandate 

to produce 250,000 metric tonnes of seaweed by 2010. Assistant Director of the Sabah 

Fisheries Department, Rooney Biusing reported that Sabah’s current output hovers 

between 40,000 and 50,000 metric tonnes per year, about 4% of global output (Daily 

Express, 2007). 

 

2.3.4 Research on Sargassum in Malaysia 

 

Sargassum is one of the most common genera of Phaeophyceae in Malaysia. Only the 

subgenus Sargassum is found in Malaysia. Currently, this genus is still poorly 

understood and the research is still lacking. Rapid, uncontrolled land development 

results in coastal and marine environment pollution, thus indirectly threatens the 

seaweed resources. Therefore, identification and distribution of these resources are 

urgently needed to provide useful information for its conservation and management, as 

well as for maximal commercial utilization.  

 

The earliest report on Sargassum in Malaysia dated back to 1872, by Zanardini, who 

reported seven species of Sargassum: S. angustifolium (Turner) J. Agardh, from 
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Tangion Datu, Sarawak and Singapore; S. gracile J. Agardh, S. polycystum (C. Agardh) 

J. Agardh, S. siliquosum J. Agardh, S. ilicifolium (Turner) J. Agardh, S. aquifolium 

(Turner) J. Agardh and S. virgatum (Mertens) J. Agardh from Singapore. Khew (1978) 

continued to report another five species of Sargassum with one unidentified species 

from Sabah; S. cinereum J. Agardh and S. duplicatum Bory from P. Labuan, P. 

Balambangan, Kudat and Kota Kinabalu and its vicinities; S. tenerrimum J. Agardh 

from P. Balambangan, Kudat and Kota Kinabalu and its vicinities; S. filipendula J. 

Agardh from Kota Kinabalu and its vicinities.  

 

Finally in 1991, Phang compiled the list of seaweeds in Malaysia and listed all the 18 

species of Sargassum from both Malaysia and Singapore (11 from west coast of 

Peninsular Malaysia, 5 from east coast of Peninsular Malaysia, 6 from Sabah, and 9 

species from Singapore). namely S. cristaefolium C. Agardh and S. ilicifolium (Turner) 

C. Agardh from Port Dickson and P. Tioman; S. polycystum C. Agardh from Port 

Dickson and P. Sibu; S. spathulaefolium J. Agardh from Port Dickson.  

 

Ahmad and Go (1994) reported five Sargassum species from Pulau Tioman (Tioman 

Island) with one new record and one unidentified species, namely, S. cristaefolium C. 

Agardh, S. fluitans (new record), S. ilicifolium (Turner) C. Agardh, S. torvum J. Agardh 

and Sargassum sp. Four Sargassum species from Malaysia were described by Ahmad 

in 1995, namely S. cristaefolium C. Agardh and S. ilicifolium (Turner) C. Agardh from 

Port Dickson and P. Tioman; S. polycystum C. Agardh from Port Dickson and P. Sibu; 

S. spathulaefolium J. Agardh from Port Dickson. Although Ahmad (1998) had 

conducted phenetic studies on 32 Malaysian Sargassum species, the author concluded 

that the numerical approach was not objective per se as there were still some practical 

problems related to the choice of character, similarity coefficient and clustering strategy 
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that needed to be solved. A new species, S. stolonifolium Phang et Yoshida, was 

discovered in Penang, west coast of Malaysia, in 1998.  This species is the first in the 

genus to exhibit the phenomena of new plantlets derived from the first leaves. 

 

The most complete and latest checklist of Malaysian Sargassum published by Phang et 

al. in 2007, recorded 35 species of Sargassum in Malaysia, included species identified 

from herbarium deposited at the University of Malaya Seaweeds and Seagrasses 

Herbarium, as well as species reported in the publications but not verified due to 

absence of herbarium specimens. However, of all published records, only 

morphological data was provided for the recorded species. Till today, there are still no 

complete phylogenetic studies available for this genus in Malaysia. Some specimens 

which characteristics are not distinct for traditional identification still remain 

unidentified in the Herbarium. Overall, the current Sargassum lists available for 

Malaysia appear incomplete and not revised taking into account the recently published 

taxonomic revisions or using molecular data. Considering that Malaysia may be a 

hotspot for the Sargassum diversity, it is important that species lists for this region be 

revised. Subsequently, this thesis would definitely look into multiple genes for the 

Sargassum species in order to infer the phylogenetic relationships at species level. 
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CHAPTER 3 

 

3.0 Materials and Methods 

 

3.1 Outline of research approach 

        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 2.1 Outline of research approach 

Output of Research 
1. Resolution and confirmation of Malaysian Sargassum species. 

2. Construction of Phylogeny tree for Malaysian Sargassum species 
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3.2 Study sites 

 

The sampling of the Sargassum samples were done at sites previously recorded in the 

literature. Samples collected are limited due to the seasonal variations, the accuracy of 

the recorded places and the samples identified. The amount of sample obtained does not 

justify the diversity of sampling sites. Studies concentrated towards morphological 

description and phylogenetic inference of respective species found. 

 

3.2.1 Field collection of Sargassum samples 

 

Sargassum samples were collected from the intertidal and sub-tidal from 46 selected 

locations (Figure 2.2) as well as site collection for Indonesian type localities off the 

island of Sumatra (not shown in map). Refer to details on samples collected in 

Appendix 2. 

 

 

Figure 2.2 Map showing Sargassum collection sites of present study in Malaysia 
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About 850 specimens were collected over a period of five years (2005-2010) from the 

intertidal and shallow subtidal by wading and snorkelling. Whole thalli (with holdfasts) 

were collected during low tide by snorkeling and skin-diving. The latitude and longitude 

of each locality was determined using Ensign XL GPS [Model P/N 17737-15] (Trimble 

Navigation Ltd., Sunnyvale, California, USA). The samples were kept in ice chest 

before transported back from the collection site to the Algae Research Laboratory, at the 

Institute of Postgraduate Studies (IPS), University of Malaya. In the laboratory, 

Sargassum samples collected were washed thoroughly using soft bristles toothbrush and 

forceps, as the seaweed surfaces are covered with dirt, fragment of corals and seashells, 

and epiphytes, followed by UHQ water.  

 

The subsamples were blotted dry with a clean towel paper and placed in the sealed 

plastic bags with silica gel for later DNA analyses (labeled according to accession 

number and the species). Then, the samples were kept in a -20°C freezer. During 

washing, healthy plants preferably with holdfast, receptacles and vesicles were selected 

and pressed onto the herbarium paper as voucher. All voucher herbarium specimens 

were deposited at the Seaweeds and Seagrasses Herbarium, University of Malaya 

(KLU). The specimens published by Phang et al. (2007) and Wong et al. (2008) were 

also examined during the present study. 

 

3.3 Morphological analysis 

 

Complete whole plants processed into herbarium vouchers were used for further 

morphological analyses. Preliminary identification of Sargassum samples were made 
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according to standard taxonomy references (Agardh 1848, Grunow 1915, Setchell 1935, 

Duraitnam 1961, Misra 1966, Pham 1967, Chou and Chiang 1981, Ang and Trono 

1988, Yoshida 1983, 1988, Chiang et al. 1992, Trono 1992, 1997, Tseng and Lu 1992, 

1995, 2000, Noro et al. 1994, Ajisaka et al. 1995, 1999, 2002, Lewmanomont and 

Ogawa 1995, Modelo and Umezaki 1995, Phang and Yoshida 1997). Morphological 

characters of traditional taxonomic value such as holdfast, stem, branch, leaves, vesicles 

and receptacles, were analyzed and sorted in groups of homogeneous morphology 

referred to as morphospecies.  

 

Species names recorded in the available literature were updated based on later 

nomenclatural revisions, mainly according to Mattio et al. (2008, 2009, 2010), Mattio 

and Payri (2011) and Guiry & Guiry (2012). DNA analyses were then used to challenge 

species identifications (e.g. grouping with previously identified and published 

sequences, sequences for specimens from type localities). 

 

3.3.1 Type specimens 

 

The type specimens examined during this study was either based on collection of 

specimens from the type locality, direct examination of the specimens at the respective 

herbaria, or specimen on loan from other herbarium, scans of images from the herbaria, 

or photos given by other researchers when visiting the respective herbarium. Species 

identification was further confirmed with the original diagnosis of the species. Refer to 

Appendix 4 for the list of type specimens examined. 
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3.4 Molecular analysis 

 

3.4.1 Methods of analysis (DNA extraction screening) 

 

DNA was extracted from the Sargassum samples using various types of extraction 

methods (Table 2.1) in the search for a suitable DNA extraction for these specimens. 

Modified DNA extraction methods for Sargassum species was carried out (Refer to 

Appendix 2 for Sargassum specimens used in this study). DNA concentrations were 

quantified using the spectrophotometer (Eppendorf AG, Biophotometer). The quality of 

DNA was confirmed with Optical Density (OD) reading before continuing to 

Polymerase Chain Reaction (PCR) amplification. The measurement of OD was also 

done by using spectrophotometer (Eppendorf AG, Biophotometer). The absorbance of 

UV light at 260 nm wavelengths by nucleic acid gives an estimate of concentration. 

 

1 OD at 260 nm for double-stranded DNA = 50 ng/µL of dsDNA 

 

The ratio of readings taken at 260 nm and 280 nm wavelength gives an indication of the 

purity of nucleic acid. Purity of DNA was calculated with the ration of OD 260/280. 

Pure preparations of DNA have the OD 260/280 values of 1.8 to 2.0. 

 

Table 2.1 Screening of DNA extraction methods 

No. Protocol Buffer Remark 

1 CTAB (Doyle & Doyle 1987) CTAB isolation buffer  
one step 

Chloroform:Isoamylalcohol 

2 Phenol-Chloroform and CTAB CTAB isolation buffer  additional Phenol:Chloroform step 

3 Lithium Chloride (Hong et al. 1992) 0.8M LiCl was added in the No Chloroform:Isoamylalcohol  
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lysis buffer 

4 Coyer et al. 1994 
2% of PVP-40 was used in 

lysis buffer  

5 Qiagen Plant Mini Extraction Kit 
According to manufacturer’s 

protocol   

6 i-genomic Plant DNA extraction Kit 
According to manufacturer’s 

protocol  
  

 

 

After performing various protocols for DNA extraction, an optimized protocol was 

developed (Figure 2.3). Approximately 0.1 g of fresh leaves were ground in liquid 

nitrogen, transferred to 10 mL lysis buffer (1 M Tris-HCl pH8.0, 0.5 M EDTA, 5 M 

NaCl, 5% N-Laurosyl-Sarcosine Sodium Salt, 4% CTAB, 0.25% β-mercaptoethanol, 

0.5 mg mL-1 RNase A), and incubated for 1 hour at 65°C.  Proteinase-K (final 

concentration of 10 mg mL-1) was added and incubation continued for 30 min at 37°C. 

An equal volume of phenol:chloroform:isoamyl alcohol (25:24:1) was added, mixed 

and the sample centrifuged at 10,000 rpm, 10°C for 20 min using a Jouan MR1822 

centrifuge.  The upper aqueous layer was transferred to a new tube. A 

chloroform:isoamylalcohol extraction and centrifugation was performed. The DNA was 

precipitated with 10 mL isopropanol and incubated for 1 hour at 4°C. The DNA was 

spun down at 10,000 rpm for 5 minute using a Jouan MR1822 centrifuge and spooled 

into 1.5 mL microcentrifuge tube. The DNA pellet was washed with 80% ethanol. Then 

the DNA pellet was air-dried and redissolved in TE (Tris-EDTA) buffer. 
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Grind 0.1g fresh weight sample with liquid nitrogen 

 

Add in Lysis buffer 
(1 M Tris-HCl pH8.0, 0.5 M EDTA, 5 M NaCl, 5% N-Laurosyl-Sarcosine Sodium Salt, 

4% CTAB, 0.25%, β-mercaptoethanol, 0.5 mg mL-1 RNase A) 
 

 
Proteinase-K 

(Final concentration of 10 mg mL-1)  
 

 
Phenol:Chloroform:Isoamyl (25:24:1) 

 

 
Transfer the upper aqueous layer to new tube 

 

 
Chloroform:Isoamyl alcohol (24:1) 

 

 
The DNA was precipitated with Isopropanol 

 

 
The DNA was washed with 80% ethanol 

 

 
Re-dissolved in TE 

 

Figure 2.3 Optimized DNA extraction protocol for Sargassum. 

 

Despite traditional methods for DNA extraction, slightly modified protocol using the i-

genomic Plant DNA extraction Kit (iNtRON Biotechnology, Inc, Korea) referring to the 

traditional method also provide a good result compare to other kit from the other 

company. 

1 hour at 65°C 

30 min at 37°C 

10,000rpm, 20 min at 10°C 

 

10,000rpm, 20 min at 25°C 

DNA spun down and spooled 

Air-dried 
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3.4.2 Amplifications of selected markers 

 

PCR amplification was done by using both published and designed primers (Table 2.2) 

for protein-encoding plastid gene (partial Rubisco operon), protein-encoding 

mitochondrial gene (cox3) and nuclear spacer region (ITS-2) to determine the molecular 

taxonomic relationships among the Sargassum species. Three sets of primers were 

amplified to maximize the taxon sampling while minimizing information loss due to 

partial sequences. The PCR methods were optimized to produce single specific band for 

the PCR product.  

 

Table 2.2 Sequences of the primer used for PCR amplification and DNA 
sequencing 

 
Markers Primers Primer sequences (a) Source 

Partial 

Rubisco 

operon 

IPSNg1  5’-CCCGCTACAGGTGTAATCGT-3’ designed in this 

study IPSNg2 5’-CAGCGGCTACAGGTGAAGTT-3’ 

IPSNg3 5’-TGGTAAAAATGAAAAACATCC TTG-3’ 

 

rbc-FO 5'-ATGGAACTCGAATAAAAAGTGA-3' Sasaki et al. 

2001 

 

rbc-R2 5'-CGCATGAATGGTTGTG-3' 

 

RPB-F2 5'-TTCCAAGGYCCHGCAACYGGT-3' 

 

RPB-R2 5'-CCTTTAACCATTAAGGGATC-3' 

 

PRB-F3 5'-TGTAAATGGATGCGTATGTG-3' 

 

 

PRB-R3 5'-GTAATATCTTTCCATAAATCTAA-3' 

 

 

RSPR 5'-AATAAAGGAAGACCCCATAATTCCCA-3' 

 

ITS-2 5.8S-BF 5'-CGATGAAGAACGCAGCGAAATGCGAT-3' 

Yoshida et al. 

2000 

  25BR-2 5'-TCCTCCGCTTAGTATATGCTTAA-3'   

cox3 CAF4A 5'-ATGTTTACTTGGTGRAGRGA-3' 

Kogame et al. 

2005 

 

CAR4A 5'-CCCCACCARTAWATNGTNAG-3' 

 (a) W= A or T, R= A or G, Y= C or T, N= A, T, C or G.   
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PCR amplification for all three markers were performed in a final volume of 25 µL 

containing 50-100 ng of genomic DNA, 10 pmol of each primer, 1X of 10X buffer with 

MgCl2, 0.2 mM of dNTP (dATP, dGTP, dCTP, dTTP), and 0.5 U of Taq polymerase 

(Table 2.3). 

 

Table 2.3 PCR reaction mixture (total 25µL) 

 Reagent Volume 

1.  Taq DNA polymerase 0.4 µL 

2.  10X Taq buffer 2.5 µL 

3.  dNTP mixture 0.5 µL 

4.  MgCl2 (2.5mM) 0.625 µL 

5.  Template DNA < 100 ng 

6.  Forward primer 1 µL 

7.  Reverse primer 1 µL 

8.  UHQ water Up to 25 µL 

 

Amplification was conducted using GeneAmp® PCR System 2700 (Applied 

Biosystem) Thermal Cycler and Eppendorf AG, Mastercycler Gradient. The parameters 

and protocols used for PCR amplification were shown in Table 2.4. PCR products were 

then checked of the present and absent of the specific band by running electrophoresis 

on 1.2% (wv-1) agarose gel (stained with 0.2 mgmL-1 Ethidium Bromide) in TAE buffer. 

The gel was then viewed under ultraviolet of AlphaImagerTM 2200. 
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Table 2.4 Thermal condition for PCR amplification (partial Rubisco spacer/ITS-
2/cox3, respectively) 

 

Cycle Step Temperature Time Number of 
Cycle 

Initiation Denaturation 96°C 5 min 1 

Main Denaturation 96°C 1 min 35/45/45 

Main Annealing 60 /58/50°C 1 min  

Main Extension 72°C 2 min  

Final Extension 72°C 10 min 1 

 

Further purification on the PCR products was carried out prior to sequencing. Hence, 

the amplified band was excised from the gel and further purified using MEGAquick-

spinTM PCR and agarose gel DNA extraction system (iNtRON Biotechnology, Inc) 

according to manufacturer’s protocol. Purified PCR products were sent for automated 

DNA sequencing service using Sanger dideoxy method on ABI 3730XL sequencers 

(Macrogen, Inc., Seoul, Korea).  

 

3.4.3 Cloning 

 

Competent cells from Top10 bacteria strain (Promega Corporation) were prepared 

overnight before transformation. Single colony was picked from LB plate to culture in 

LB Broth. LB Broth was incubated overnight in 37°C water bath at about 150 rpm. 2 

mL bacteria culture was aliquot into 30 mL flask. Bacteria stock was prepared at the 

same time by adding 850 µL bacteria culture from LB Broth to 150 µL 100% glycerol. 

The stock culture was then stored in -80°C freezer. Flask culture was put in shaking 

incubator while the OD was monitored until 5 X 108 cells / mL. Culture were 

transferred into Nalgene tubes and spun at 8000 rpm for 5 minutes. Pellet was 

dissociated by adding 5 mL of 75 mM ice-cold Calcium Chloride (CaCl2) on ice. The 
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tube was spun again and 2 mL of CaCl2 was added in to resuspend the cells. 50 µL was 

allocated into each 1.5 mL microcentrifuge tube. All tubes were stored in -80°C freezer 

after frozen in Liquid Nitrogen. Vector used was pGEM® T-vector from Promega 

Corporation (Figure 2.4). Ligation and transformation was performed using pGEM® T-

vector following the manufacturer’s protocol.  

 

After transformation, white colonies were picked and added into 1 mL LB Broth with 

Ampicillin and cultured for 16 hours before verifying the successfulness of 

transformation with PCR amplification. At the same time, the selected white colonies 

were picked and cultured in 10 mL LB Broth with Ampicillin. After 16 hours, LB 

culture was spun down for plasmid extraction. Restriction enzymes digestion was 

performed for extracted plasmid using Pst1 and Sal1. Plasmid was then sent for 

sequencing using primer T7 and primer SP6.  

 

Figure 2.4 pGEM® T-vector (Promega) 
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3.5 Sequencing Alignment and Phylogenetic Analysis 

 

3.5.1 Taxonomic revision of Malaysian Sargassum 

 

The DNA sequences of partial Rubisco operon, ITS-2 and cox3 obtained by sequencing 

were edited using Chromas Version 1.45 (McCarthy 1996-1998) and Bioedit Sequence 

Alignment Editor (Hall 1999). The edited sequences were aligned using Clustal X 

program (Jean-mugin et al. 1998). Alignments were inspected and confirmed by naked 

eyes and any ambiguous alignments were corrected manually. In addition, a selection of 

sequences representing the different Sargassum subgenus Sargassum sections (S. sect. 

Binderiana, Ilicifolia, Polycystae, Sargassum, and Zygocarpicae) were selected among 

those published by Mattio et al. (various works), downloaded from the GenBank 

(National Center for Biotechnology Information, NCBI), and included in the 

phylogenetic analyses for reference (Appendix 5). Primer sequences flanking the region 

of interest were removed to obtain a uniformed alignment. The sequences with 

ambiguities were coded as missing data. The alignment files were exported in nexus 

format (.nex) for analysis in PAUP* 4.0b10 (Swofford 2002), Macintosh. Neighbour-

Joining (NJ), Maximum parsimony (MP) and Maximum Likelihood (ML) were 

methods used to infer the phylogenetic relationships in this study. Based on results, 

robustness of nodes was ranked as strong (BS > 80%), moderate (60-80%), or poorly 

supported (BS < 60%). All trees were rooted with a sequence of the Sargassaceae 

Turbinaria ornata (Turner) J. Agardh. 

 

The DNA distances calculated were clustered using the NJ method. The bootstrap 

analysis was performed to justify the branching patterns generated by the distance tree. 
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NJ trees were constructed using 1000 replicates Bootstrap Analysis (Felsenstein 1985) 

and random re-sampling of all aligned sites to evaluate the statistical reliability. 

Parsimony aims to find the shortest tree (tree with least number of nucleotide changes), 

hence the parameters selected aimed to find the shortest tree possible. The MP trees 

were constructed using full heuristic search algorithm with the following settings: 1,000 

replicates with random sequence-addition replicates, keeping best tree only, holding one 

tree at each step, Tree Bisection-Reconnection (TBR) branch swapping, collapsed of 

zero length branches and MulTrees on. Multistate taxa were interpreted as uncertainties 

and ‘gap’ states were treated as missing data. The Bootstrap (BS) replications were 

analysed with 1000 replicates with the following settings: heuristic search, TBR branch 

swapping, MulTrees option activated and random sequence addition with 10 replicates. 

BS was computed with 1000 replications in order to access confidence in the resulting 

tree topology (Felsenstein 1985). 

 

ModelTest v3.7 (Posada and Crandall 1998) was used to find the least-rejected model of 

sequences by an Akaike Information Criterion (AIC). The AIC indicated that the least-

rejected model for the present study data set was general-time-reversible (GTR) + 

proportion of invariable sites (I) + variable sites (G). In short, ModelTest v3.7 selects 

the best evolutionary model for the aligned dataset. ML criterion with the following 

parameters: Substitution rates (rAC, rAG, rAT, rCG, rCT, rGT) as well as base 

frequencies (fA, fC, fG, fT) were estimated by ModelTest v3.7 (Posada and Crandall, 

1998). The ML method with BS (Felsenstein 1985) was then performed using the 

estimated parameters from the ModelTest with the following criteria: Proportion of 

invariable sites = 0; Variable sites = Equal rates for all sites while all other parameters 
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were left as default, 10 random sequence additions, TBR branch swapping and 100 BS 

replications.  

 

3.5.2 Taxonomic revision of selected Malaysian Sargassum with specimens from 

Indonesia, type localities, and western and central Pacific islands. 

 

A selection of sequences similar with the above section 3.5.1 was performed, 

downloaded from the GenBank and included in the phylogenetic analyses for reference. 

Sequences for two species belonging to the S. subgen. Arthrophycus (S. incisifolium 

(Turner) C. Agardh) and S. sugben. Bactrophycus (S. thunbergii (Mertens ex Roth) 

Kuntze) were included as out-group. Primer sequences flanking the region of interest 

were removed to obtain a square alignment. The edited sequences were aligned by eye 

using Bioedit v.7.0.5.3 (Hall 1999). Bayesian, Inference (BI) and Maximum Likelihood 

(ML) analyses were applied to the concatenated alignment of ITS-2+partial Rubisco 

operon+cox3 sequences.  FINDMODEL (available online at http://www.hiv.lanl.gov) 

was used to estimate the best fit model for alignments, the GTR model and a Gamma 

distribution were chosen used for both BI and ML analyses. Bayesian Inference 

analyses were carried out using MrBayes v.3.1.2 (Huelsenbeck & Ronquist 2001, 

Ronquist & Huelsenbeck 2003) using the CIPRES Science Gateway at www.phylo.org. 

Four Markov chains sampling were run every 1000 generations for three million 

generations. Fifty percent of the first trees were considered as “burnin” and discarded. 

ML analyses were performed with PHYML (Guindon & Gascuel 2003). A multi-

parametric bootstrap re-sampling with 100 iterations provided bootstrap support. 

Robustness of nodes was ranked as strong (BS > 85%), moderate (BS=70-84%), or 

poorly supported (BS < 70%).  
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CHAPTER 4 

 

4.0 RESULTS 

 

4.1 Morphological analysis 

 

As mentioned in Chapters 1 and 2, the Sargassum is the most morphological complex 

plant in Fucales with variable characters present in different scales. The morphology of 

the Sargassum plants collected is described in this chapter. Each species collected is 

described according to the list of morphological characteristics with reference to the 

classification by the original and published literature. The polymorphism of the 

morphological characters complicated the identification of the species, along with the 

phenotypic variation due to seasonal and environmental conditions.  

 

4.1.1 Malaysian Sargassum species collected in this study 

 

The morphological examination of the new collection led us to distinguish 14 different 

morphospecies. These species are included as they are found abundantly in Malaysian 

waters. The main characteristics of the species were tested in correlation with molecular 

data. 13 of the 14 morphospecies were tentatively identified to the following species: 

1. S. abbottiae Trono 

2. S. balingasayense Trono 

3. S. binderi Sonder ex J. Agardh 

4. S. densicystum Tseng et Lu (new record) 

5. S. granuliferum C. Agardh  

6. S. ilicifolium (Turner) C. Agardh  
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7. S. laxifolium Tseng et Lu  

8. S. longifructum Tseng et Lu (new record) 

9. S. marginatum (C. Agardh) J. Agardh (new record) 

10. S. cf. parvifolium (Turner) C. Agardh (new record) 

11. S. polycystum C. Agardh 

12. S. siliquosum J. Agardh 

13. S. stolonifolium Phang et Yoshida 

One morphospecies remained unidentified and is referred hereafter as S. sp. A 

morphological description of each taxa is given in Table 3.1.  

 

4.1.2 Morphological description of Sargassum species in this study 

 

The species collected have branches and leaves well differentiated with the presence of 

vesicles. The secondary branches, vesicles and receptacles arising from leaf axis 

showed that these species clearly belongs to Family Sargassaceae. Compressed leaves 

and vesicles borne at the leaf axis defined these species into Genus Sargassum. It is 

further defined into Subgenus Sargassum, as the branches and leaves are conspicuously 

differentiated, branches compressed, triquetrous, subcylindrical/cylindrical leaves 

flattened. The basal leaves and branches are not retroflexed.  

 

Table 3.1 provided a detailed examination on the field and herbarium specimens. 

Specimens are illustrated according to the morphological characteristics such as 

holdfast, stem, primary and secondary branches, primary and secondary leaves, 

receptacles and vesicles. The standard taxonomy references as mentioned in Chapter 3, 

Section 3.3, were used as the main resources for the identification. However, the 

original description of the corresponding Sargassum type specimen rarely follows this 
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format and often regards stem and branch as one morphological characteristic. 

Therefore, re-examination of the type specimen from the respective herbarium is 

necessary for identification and for providing the specimen a valid name. Figures of the 

specimens (Figure 3.1-3.20) in this study were included while figures of the type 

specimens examined were provided where possible. 



 
 

Table 3.1. Morphological description of Malaysian Taxa collected during present study and the corresponding type specimen. 

  S. abbottiae  S. balingasayense  S. binderi  S. densicystum  S. granuliferum  
Thallus up to 30 cm up to 68 cm up to 42 cm up to 45 cm 68 cm 
Holdfast discoid Scutate Discoid discoid discoid to conical 

Main branch terete, spinous, distichous terete to slightly compress 
(upper portion) 

slightly compressed to 
flattened terete, smooth lower portion spinous; 

upper terete, warty 

Leaves 
     

shape small, glaucescent, oblong-
elliptical lanceolate, narrow linear-lanceolate, obovate-

elliptical 
oblong-ellipsoidal, slightly 
denticulate 

oblong to lanceolate, 
uniform 

L; W (mm) 8-11; 2-4 40-50; 7-10 15-60; 8-11 6-1; 2-4.5 21-28; 10 
margins entire, sometimes wavy serrate-dentate entire to dentate wavy serrate 

midrib no midrib almost to the tip vanish below apex unconspicuous vanish below apex 
pedicel short and terete Terete Short and flattened  short terete short or absent 
basis asymmetrical slightly asymmetrical cuneate cuneate cuneate 
apex round to obtuse Acute obtuse, round or acute acute or obtuse acute 

cryptostomata uniseriate, arranged along 
margin 

numerous, distinct, slightly 
elevated prominent, in rows scattered scattered 

Vesicles 
     

shape small, spherical to elliptical spherical or obovate elliptical, apiculate or with 
coronal leaf ovoid small, spherical, cluster 

pedicel short and terete short and terete  long flattened and leafy short and terete short and terete 

diameter (mm) 1.4 3.5 6 1 2.4 
Receptacles 

     



 
 

shape 
Male cylindrical, warty; 
female compressed, forked 
at apices 

male terete, warty, forked at 
tip; female compressed 

racemosely arranged, 
glomerulate, compressed, 
twisted 

male terete, spinous; 
female compressed, 
spinous at apex 

male terete, smooth; 
female compressed, 
dentate 

L; W (mm) male 4; 0.4, female 5; 0.6 male 3; 0.6, female 7; 1.2 7; 1.2 
male 2.5; 0.6, female 4.5; 
1.5 

male 3.5; 0.4, female 5; 
0.9 

reproduction diecious diecious monoecious diecious diecious 

Systematic position 
Subgenus Sargassum sect. 
Polycystae 

Subgenus Sargassum sect. 
Polycystae 

Subgenus Sargassum sect. 
Binderiana 

Subgenus Sargassum sect. 
Polycystae 

Subgenus Sargassum 
sect. Polycystae 

Type information 
     reference Trono 1994:5 Trono 1994:5 C. Agardh 1820:12 Tseng & Lu 1996:5 C. Agardh 1820:31 

type locality Philippines Philippines Straits of Sunda China 
“in mari indico”, 
sumatra, java, borneo 

herbarium accession T14853 T18502 TCD1110-1113 NA LD3156 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 



 
 

Table 3.1          continued. 

  S. ilicifolium  S. laxifolium S. longifructum  S. marginatum  S. cf. parvifolium  
Thallus up to 58 cm up to 92 cm up to 21 cm up to 46 cm up to 65 cm 
Holdfast discoid discoid discoid discoid scutate 

Main branch terete to slightly compressed terete, smooth terete, smooth flattened, smooth terete, smooth 
Leaves 

     
shape lanceolate elliptical, obovate obovate, upper portion 

dentate oblonged-elliptical lanceolate 

L; W (mm) 28; 0.8-1.6 20-40; 7-12 7-20; 2-5 52; 14 18-35; 2-8 

margins sometimes duplicated, 
double margin dentate wavy dentate denticulate 

midrib percurrent, conspicuous indistinct, vanishing in the 
middle vanishing at 2/3 of the leaf vanishing halfway up the 

leaf percurrent 

pedicel short or absent short short or absent short or absent short or absent 
basis oblique 

 
cuneate cuneate cuneate 

apex obtuse obtuse cauline leaves obtuse; acute obtuse acute 

cryptostomata 
uniseriate on both sides of 
midrib distinct and scattered indistinct scattered scattered 

Vesicles 
     

shape obovate, with earlike 
structures spherical to ovate subspherical or obovoid mucronate, spherical spherical or 

subspherical 

pedicel short and terete short and terete short and terete short and terete, sometimes 
leafy short and  terete 

diameter (mm) 4.7 3 1.5 5 2.5 
Receptacles 

     



 
 

shape male terete, spinous; female 
compressed, furcated male terete;  

male terete, smooth; female 
terete, smooth, sometimes 
divided at apex 

racemosely arranged, 
glomerulate, dentate at 
margin 

male terete, smooth, 
female triquetrous, 
spinous at tip 

L; W (mm) male 8;1, female 5; 0.8 male 10;0.6 male 2.4;0.6, female 2.5;1.2 3.5; 1 male 15; 1, female 5; 
1.5 

reproduction diecious Diecious diecious monoecious diecious 

Systematic position 
Subgenus Sargassum sect. 
Ilicifolia 

Subgenus Sargassum sect. 
Polycystae 

Subgenus Sargassum sect. 
Polycystae 

Subgenus Sargassum sect. 
Ilicifolia 

Subgenus Sargassum 
sect. Ilicifolia 

Type information 
     

reference C. Agardh 1820:11 Tseng & Lu 1988 Tseng & Lu 1987:516 J. Agardh 1848:324-325 C. Agardh 1820:30 

type locality Straits of Sunda Hong Kong, China China “in mari indico” Not specified 

herbarium accession BM562953 AST2782 (F) NA LD2446 NA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    



 
 

Table 3.1          continued. 

  S. polycystum  S. siliquosum  S. stolonifolium S. sp. 
 Thallus up to 66 cm up to 74 cm up to 96 cm up to 18.5 cm 
 

Holdfast small, discoid, rhizoidal discoid 
discoid, cauline leaves 
develop into stolon like axes discoid 

 

Main branch terete, warty, muricate terete, smooth, distichous terete, smooth 
flattened with a central 
part like a midrib, smooth  

Leaves 
     

shape 
ovate, oblonged-lanceolate, 
lanceolate 

broad, elongated-elliptical 
lanceolate elliptical, lanceolate 

obovate, oblonged-
lanceolate  

L; W (mm) 17-36; 5-10 30-70; 10-22 7-25; 2.5-6 10-45; 8-10 
 margins dentate or entire wavy to dentate entire to wavy wavy to slightly dentate 
 midrib distinct, vanish below apex distinct, vanish below apex distinct, percurrent distinct to apex 
 pedicel short terete, short or absent terete, short or absent terete, short or absent 
 basis cuneate cuneate Cuneate asymmetrical 
 apex acute obtuse Obtuse obtuse 
 

cryptostomata distinct and scattered distinct, scattered 
scattered, sometimes at 
margins scattered  

Vesicles 
     

shape spherical to ovate obovate, spherical to 
subspherical obovate to subspherical obovate to subspherical  

pedicel short and terete short and terete short and terete short and terete  
diameter (mm) 2 6 3 5 

 Receptacles 
     

shape 
male terete, smooth; female 
cylindrical, fusiform, 
racemosely arranged 

male terete, smooth; female 
compressed, racemosly 
arranged, spinous 

male terete, smooth; female 
compressed, racemosely 
arranged 

NA  



 
 

L; W (mm) male 4.5; 0.45, female 4.5; 
0.5 male 8.5;0.4, female 5;0.5 male 13; 0.7, female 8; 0.9 NA 

 reproduction Diecious diecious Diecious NA 
 

Systematic position 
Subgenus Sargassum sect. 
Polycystae 

Subgenus Sargassum sect. 
Ilicifolia 

Subgenus Sargassum sect. 
Polycystae 

Subgenus Sargassum sect. 
Binderiana 

 

Type information 
     reference 
C. Agardh 1824:304 

J. Agardh 1848:316 Phang & Yoshida 1997:63 NA 

 
type locality Straits of Sunda Singapore Penang, Malaysia NA 

 
herbarium accession TCD1108-1109 LD3260 SAP062135 NA 
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4.1.2.1 Figures of herbarium specimens in this study 

 

 

 

Figure 3.1 (a) Sargassum abbottiae Trono (PSM 8123) 

 

 

 

 

 

 

 

 

 

(a) 
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Figure 3.1  (b) scan of illustration of holotype (T14853) specimen from Trono 
(1994) 

 

 

 

 

(b) 



87 
 

 

Figure 3.2 (a) Sargassum balingasayense Trono (PSM 8730), a male thallus  

 

 

 

 

(a) 
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Figure 3.2 (b) scan of illustration of holotype (T18502) specimen from Trono 
(1994) 

 

 

 

 

 

(b) 
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Figure 3.3 Sargassum binderi Sonder ex J. Agardh (PSM 8007), an androgynous 
thallus 
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Figure 3.4 Sargassum binderi (scan of type specimen: TDC1113)  



 
 

  
Figure 3.5 Comparison of three type specimens from respective herbaria (a) S. aquifolium (BM563434) (b) S. oligocystum (AB14904) (c) S. 

binderi (TDC1113) 
 

(a) (b) (c) 
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Figure 3.6 Sargassum densicystum Tseng et Lu (PSM8279) (a) a male thallus (b) 
drawing of cross section of male receptacle 

(a) (b) 
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Figure 3.7 (a) Sargassum granuliferum C. Agardh (PSM9736) (b) Sargassum 
granuliferum C. Agardh (scan of type specimen: LD3156) 

 

 

 

 

 

(a) 

(b) 
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Figure 3.8 Sargassum ilicifolium (Turner) C. Agardh (PSM7967) 
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Figure 3.9 Sargassum ilicifolium (Turner) C. Agardh (scan of type specimen: 
BM562953) 
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Figure 3.10 Sargassum laxifolium Tseng et Lu (PSM8974) 
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Figure 3.11 Sargassum laxifolium Tseng et Lu (AST 2782) (type specimen photo 
from herbarium) 
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Figure 3.12 Sargassum longifructum Tseng et Lu (PSM8281) 
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Figure 3.13 Sargassum marginatum (C. Agardh) J. Agardh (PSM7923) 
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Figure 3.14 Sargassum marginatum (C. Agardh) J. Agardh (LD2446) (photo from 
herbarium) 
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Figure 3.15 Sargassum cf. parvifolium (Turner) C. Agardh (PSM8105) 
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Figure 3.16 Sargassum polycystum C. Agardh (PSM8938) 
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Figure 3.17 Sargassum polycystum C. Agardh (scan of type specimen: TCD1109) 
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Figure 3.18 Sargassum siliquosum J. Agardh (PSM8004) 
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Figure 3.19 Sargassum siliquosum J. Agardh (LD3260) (type specimen photo from 
herbarium) 
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Figure 3.20 (a) Sargassum stolonifolium Phang et Yoshida (PSM9276) 

 

(a) 
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Figure 3.20  (b) Sargassum stolonifolium at type locality (Batu Ferringhi, Penang, 
Malaysia) 

(b) 
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4.1.2.2 Comparison between specimens collected from type locality and type 

specimens 

 

Four specimens were collected from the type locality, namely S. binderi (type locality: 

Sunda Straits, Indonesia and China Sea), S. oligocystum (type locality: Lampung Bay, 

Sumatera, Indonesia), S. polycystum (type locality: Sunda Straits, Indonesia) and S. 

stolonifolium (type locality: Penang, Malaysia). Type specimens were obtained through 

loans and scans from respective Herbarium. Minor differences were observed between 

specimens from type locality and type specimens (result not shown).  

 

Whereas S. binderi and S. oligocystum were both considered as synonym of S. 

aquifolium by Mattio et al. (2009) (further discussed in Section 5.2.1 with molecular 

data), both specimens collected from type locality showed slight differences 

morphologically (refer to Appendix 6 for detailed morphological differences from 

several literatures and in this study) but similar genetically (refer to Section 4.2.2). 

Therefore, the morphological differences for both species might due to the 

environmental condition such as temperature and wave action.  

 

4.1.3 Distribution of Sargassum species in Malaysia 

 

Figure 3.21 shows the distribution of Sargassum species collected in this study in 

concert with the records from published literature (Wong et al. 2008).  
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Figure 3.21 Distribution of Sargassum species in this study together with previous 

records. 
 
Map A is the enlargement of Peninsular Malaysia from map of Malaysia (top); while map B is the enlargement of Sabah state. 
Number abbreviation: 1:S. abbottiae; 2:S. balingasayense; 3:S. binderi; 4:S. densicystum; 5:S. granuliferum; 6:S. ilicifolium; 7:S. 
laxifolium; 8:S. longifructum; 9:S. marginatum; 10:S. parvifolium; 11:S. polycystum; 12:S. siliquosum; 13:S. stolonifolium  
 



 
 

                                                                                

Figure 3.22 Geographical distributions of Sargassum recorded in publications and in this study (refer Table 3.2).  
Numbers denote type locality of Sargassum. 

(a) Number abbreviation: 1:S. abbottiae; 2:S. aquifolium; 3:S. baccularia; 4: S. balingasayense; 5: S binderi; 6:S.granuliferum; 7:S.ilicifolium; 8:S. ilicifolium var. conduplicatum; 9:S.laxifolium; 
10:S. myriocystum; 11:S. oligocystum; 12:S. polycystum; 13:S. siliquosum; 14:S. squarrosum; 15:S. stolonifolium 

(b) Alphabet abbreviation: A:S. abbottiae; Q:S. aquifolium; C:S. baccularia; L: S. balingasayense; B: S binderi; G:S.granuliferum; I:S.ilicifolium; V:S. ilicifolium var. conduplicatum; L:S.laxifolium; 
M:S. myriocystum; O:S. oligocystum; P:S. polycystum; S:S. siliquosum; U:S. squarrosum; T:S. stolonifolium. Species not abbreviated are endemic or near to type locality. 



 
 

Table 3.2 Revised list of taxa for Malaysian Sargassum and their geographical distribution based on available literature for Malaysia and 
neighbouring countries. (Grunow 1915, Setchell 1935, Duraitnam 1961, Misra 1966, Pham 1967, Chou and Chiang 1981, Ang and 
Trono 1988, Yoshida 1983, 1988, Chiang et al. 1992, Trono 1992, 1997, Tseng and Lu 1992, 1995, 2000, Noro et al. 1994, Ajisaka et 
al. 1995, 1999, 2002, Lewmanomont and Ogawa 1995, Phang et al. 2007, Wong et al. 2008) Abbreviations are as follows (from left to 
right) WPM: West Peninsular Malaysia, EPM: East Peninsular Malaysia, SB: Sabah, Malaysia, SW: Sarawak, Malaysia M: Malaysia all 
localities, B: Burma, C: China, HK: Hong Kong, I: India, IND: Indonesia, JP: Japan, K: Korea, P: Philippines, S: Singapore, T: Taiwan, 
TH: Thailand, V: Vietnam.  

Taxa WPM EPM SB SW M C IND P S TH V I JP HK T B K 
S. abbottiae Trono + 

	   	   	  
++ 

	   	  
+ 

	   	   	   	   	   	   	   	   	  S. binderi Sonder ex J. Agardh + + +* 
 

++ +* +* + +* + + +* + 
	  

+ 
	   	  S. baccularia (Mertens) C. Agardh + 

	   	   	  
+ + + + + + + 

	   	  
+ + 

	   	  S. balingasayense Trono 
	   	  

+ 
 

++ + 
	  

+ 
	   	   	   	   	   	   	   	   	  S. cervicorne Greville 

	  
+ 

	   	  
+ + + 

	  
+ 

	   	  
+ 

	   	   	   	   	  S. dotyi Trono + 
	   	   	  

+ + 
	  

+ 
	   	   	   	   	   	   	   	   	  S. densicystum Tseng et Lu 

 
+ 

	   	  
++ + 

	    	   	   	   	   	   	   	   	   	  S. erumpens Tseng et Lu 
	  

+ 
	   	  

+ + 
	   	   	   	   	   	   	   	   	   	   	  S. granuliferum C. Agardh + + + 

 
++ + + + + 

	   	   	   	  
+ 

	   	   	  S. grevillei J. Agardh 
	   	  

+ 
 

+ 
	  

+ 
	   	  

+ 
	  

+ 
	   	   	   	   	  S. ilicifolium (Turner) C. Agardh  

	  
+* +* 

 
++ +* +* + + +* + + + 

	   	  
+ 

	  S. laxifolium Tseng et Lu 
	   	  

+ 
 

++ 
	   	   	   	   	   	   	   	  

+ 
	   	   	  S. longifructum Tseng et Lu 

	  
+ 

  
++ + 

	   	   	   	   	   	   	    	   	   	  S. marginatum (C. Agardh) J. Agardh + 
	  

+ 
 

++ 
	  

+ 
	   	   	   	   	   	    	   	   	  S. cf. parvifolium (Turner) C. Agardh 

	  
+ + 

 
++ 

	  
+ + + 

	  
+ 

	   	    	   	   	  S. microcystum J. Agardh 
	   	  

+ 
 

+ 
	  

+ + + 
	   	   	   	   	   	   	   	  S. polycystum C. Agardh +* +* +* 

 
++ +* +* +* +* + + +* + 

	   	  
+ 

	  S. siliculosoides Tseng et Lu 
	  

+ 
	   	  

+ + 
	   	   	   	   	   	   	   	   	   	   	  



 
 

S. siliquosum J. Agardh + + + 
 

++ + + + + + + 
	  

+ 
	  

+ 
	   	  S. squarrosum Greville + 

	  
+ 

 
+ + 

	   	  
+ 

	   	  
+ 

	   	   	   	   	  S. stolonifolium Phang et Yoshida + 
	   	   	  

++ 
	   	   	   	  

+ 
	   	   	   	   	   	   	  S. swartzii (Turner) C. Agardh + 

	  
+* +! + +!* + 

	   	  
+ + +* + + + 

	   	  Total number of taxa similar to Malaysia 	  	   	  	   	  	   	  	   22 15 12 11 10 8 7 7 5 4 4 2 0 
Other taxa recorded for the country 	  	   	  	   	  	   	  	   12 103 54 59 35 3 46 60 52 30 20 0 20 

Total number of taxa per country 	  	   	  	   	  	   	  	   34 118 66 70 45 10 53 67 57 34 24 2 20 
 
+, Taxa present in literature; ++, Taxa included for phylogenetic analyses in this study 
* Record also present as S. aquifolium and S. oligocystum, synonym of S. binderi; S. myriocystum C. Agardh, synonym of S. polycystum C. Agardh (Mattio et al. 2009);  S. 
ilicifolium var. conduplicatum Grunow ex Reinbold, as synonym of S. ilicifolium (Turner) C. Agardh;  S. wightii Greville, synonym of S. swartzii (Mattio et al. 2010), ! S. 
acutifolium Greville, synonym of S. swartzii (Tseng & Lu, 1995b). 
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4.1.5 New Records 

 

Four new records were identified in this study as shown in Section 4.1.1. Three species 

are similar to the collection by Wong (2006) (deposited in University of Malaya 

Seaweeds and Seagrasses Herbarium, University of Malaya, KLU), of which the author 

proposed as new species based on morphological analyses.  

 

This study  Wong (2006) 

S. densicystum  S. sp. nov. 3 

S. longifructum  S. sp. nov. 7  

 S. cf. parvifolium S. sp. nov. 2 

 

S. marginatum (Basionym: S. ilicifolium var. marginatum C. Agardh) reported with 

compressed branches, which sometimes misidentified as S. binderi. However, molecular 

approaches clearly group this species into section Ilicifolia. Specimens from KLU are 

revised for this species. Nonetheless, without suitable materials for molecular testing, 

the classification is hardly confirmed. Many unidentified Sargassum specimens in KLU 

are either incomplete or fresh specimens need to be collected for DNA analyses before 

any conclusion can be drawn.  

 

4.1.6 Key to Malaysian Sargassum species 

 

The morphological plasticity of Sargassum species has always created much hindrance 

for phycologists and taxonomists working in this field. Therefore, we provide a simple 

identification key to 22 Malaysian Sargassum species, including 14 taxa re-collected 

and sequenced in this study: 
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Key to Malaysian Sargassum species 

1. Thallus with rhizoidal holdfast ………………………………………………… 2 

1. Thallus without rhizoidal holdfast ………………………………...…………… 3 

2. Secondary holdfast transformed from cauline leaves. Branches are 

smooth ……..……………………...……......................... S. stolonifolium 

2. Secondary holdfast transformed from basal axis. Branches are heavily 

muricate ………………...…………...…………………..... S. polycystum 

3. Primary branches with spines/warty ….…………...…………………………… 4 

3. Primary branches smooth ………………………………………………............ 7 

 4. Leaves oblong-ellitical, glaucescent ……………..………… S. abbottiae 

 4. Leaves lanceolate, obovate, ellipsoidal or linear ……….…………...… 5 

5. Primary branches terete and verrucose with spines ……………… S. baccularia 

5. Primary branches terete and warty ………………………….………………… 6 

6. Secondary branches terete and warty, with spines present at the lower 

portion of primary branches ………………..…………… S. granuliferum 

6. Secondary branches terete, glandular, and alternately arranged from 

primary branches ………………………….....………….. S. microcystum 

7. Primary branch flattened or compressed ……………………………………… 8 

7. Primary branch terete ………………………….………………………………13 

8. Branches distichously arranged, leaves with cryptostomata aligned on 

each side of the midrib …………………...…………………….……… 9 

8. Branches alternately and spirally arranged, flattened with costa...... S. sp. 

9. Leaves slightly serrate, or entire. Lower leaves lanceolate and upper leaves 

linear …….……………………………...…………………………..... S. swartzii 
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9. Leaves deeply dentate, oblong- lanceolate, sometimes spatulate, possibly margin 

double, or acute at apex ………………………...………………………..…… 10  

10. Vesicles spherical or elliptical, apiculate or with coronal leaf continuous 

to wings, with long flattened and leafy pedicel, up to three times longer 

than the vesicles …………………………………………... S. aquifolium 

10. Not as above ………………………………………………………….. 11 

11. Primary leaf ratio, length to width ratio = 4:1 .…………………… S. cervicorne 

11. Primary leaf ratio <4:1 ………………………………………………...…….. 12 

 12. Branches with raised glandules …………………………… S. erumpens 

 12. Branches are smooth and flattened ……………..………  S. marginatum 

13. Leaves sometimes with duplicated or double margins ………......................... 14 

13. Leaves without duplicated margins ………………………………………...... 15 

14. Apex of leaves acute, without duplicated margins …… S. balingasayense 

14. Apex of leaves obtuse …………………………………………….…... 16  

15. Secondary leaf length > 20 mm ………………………………………………. 18 

15. Secondary leaf length < 20 mm ……………………......................................... 19 

16. Vesicles spherical to obovate, sometimes with earlike 

structure …………………….…………………………...…. S. ilicifolium 

16. Vesicles without earlike structure ……...………………...…………… 17 

17. Leaves from primary branches oblong-ellipsoidal, sometimes obovate, and 

slightly dentate at the upper part. Vesicles elliptical, pedicel 

flattened …………………..……………………………..………............ S. dotyi 

17. Leaves from primary branches broad, elongated-elliptical lanceolate, dentate at 

margin. Vesicles obovate, spherical to subspherical, pedicel 

terete ……………..………………………………………………... S. siliquosum 
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18. Bulbs at the basal parts. Leaves are lanceolate to narrow 

lanceolate …..…………………………………………... S. siliculosoides 

18. No bulbs found at the basal part. Leaves are oblong to 

lanceolate …………………..…………………..…………….. S. grevillei 

19. Leaves on primary and secondary branches obovate or linear ……………….. 20 

19. Leaves on primary and secondary branches oblong to ellipsoidal …………… 21 

20.  Leaves on secondary branches ovate, obovate, elongated-obovate, obtuse 

at apex ……………………………...…………………….. S. squarrosum 

20.  Leaves on secondary branches lanceolate, linear, acute at apex ……… 22 

21. Vesicles spherical to ovate ………………………………………… S. laxifolium 

21. Vesicles ellipsoidal to fusiform, sometimes with earlike 

structure ………………………………………………………………... S. heterocystum 

 22. Holdfast scutate ……………………………………… S. cf. parvifolium 

 22. Holdfast discoid ……………………………………………………… 23 

23. Secondary leaves oblong-ellipsoidal, upper part slightly 

denticulate ……………………………….…….………………………... S. densicystum 

23.   Secondary leaves obovate, dentate at the upper 

margin ……...…………..………………………….…..……………….. S. longifructum 
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4.2 Molecular analysis 

4.2.1 DNA analyses 

Extraction of nucleic acids from seaweeds has always been problematic. Well 

established DNA extraction methods for higher plants may not work well in seaweeds, 

due to the different properties of polysaccharides which are unique to individual genus 

or species. For example, the yield of alginate extracted from the species in Family 

Sargassaceae. Chee et al. (2011) reported that by using hot method extraction, 49.9% of 

alginate was extracted from S. siliquosum, 49.9% from Turbinaria conoides, 38.9% 

from S. binderi and 26.7% from S. baccularia. One of the limiting factors in DNA 

extraction from brown algal sporophytes is the large amount of acidic polysaccharides 

i.e. sulfated polysaccharides (e.g. agar, carrageenan and fucan) and carboxylic 

polysaccharides (e.g. alginic acid). During the nucleic acid extraction process, the 

secondary metabolites and polysaccharides are always released after the disruption of 

cell. Various methods were screened for the best method to extract Sargassum DNA. 

Table 4.1 shows the results of the methods screened on fresh samples. 

Table 4.1 DNA concentration, yield and purity of extracted samples. 
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Phenol:chloroform and CTAB extraction (DNA shown in Figure 4.1) has the highest 

DNA concentration and DNA yield. The purity (OD A260/A280) ranged between 1.63 

and 2.33. This modified method has the largest amount of DNA yield compared to the 

other methods providing a good method when processing large quantity of samples with 

limited cost. On the other hand, extraction using CTAB method was not suitable due to 

the lower DNA yield and purity. Addition of LiCl in the lysis buffer gave purity which 

ranged from 1.30 – 1.70. This purity range was not suitable for PCR amplification. The 

Coyer method incorporates PVP-40 into the lysis buffer and gave a very good purity 

compared with the other methods. However, the complication (DNA dilution factor, 

MgCl2 concentration, cycles of reaction, etc) in optimisation of PCR amplification is the 

reason that this method was not used in this study. Qiagen Extraction Kit gave the lower 

DNA yield compared to i-genomic Plant DNA extraction Kit with the same starting 

materials. These two methods are time effective but very cost consuming when 

processing large amount of samples.  

 

Herbarium samples subjected to DNA extraction resulted in low DNA yield and poor 

purity (DNA yield: 6.0 – 12.0 µg/g; Purity: 1.11 – 1.63). This result has led to 

unsuccessful PCR amplification. The reasons for this occurrence are possibility of 

improper preservation of herbarium samples and insufficient amount of samples used 

for DNA extraction. Three different types of Sargassum samples were sent to the expert 

overseas (Axygen, China) for confirmation of the DNA results obtained in this 

laboratory and reported that it was not due to the handling technique (Figure 4.2). 
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Figure 4.1 DNA gel photo (modified phenol:chloroform method). 

 

Figure 4.2 Results obtained from a commercial laboratory in China (Axygen). 

 

 

Figure 4.3  PCR amplification gel photo 
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PCR amplification for all the methods requires optimisation in DNA concentration (i.e. 

DNA dilution factor). DNA shearing does not affect PCR amplification of a particular 

gene or region from the plastid, nucleotide and mitochondrial genome. The success of 

the PCR is dependent on the purity of DNA (1.8-2.0) and the amount of DNA used (~10 

ng for 25 µL reaction) (Figure 4.3). Figure 4.4 shows the PCR band after gel 

purification. 

 

Figure 4.4 DNA gel photo after gel purification using MEGAquick-spinTM PCR and 
agarose gel DNA extraction system (iNtRON Biotechnology, Inc). 

 

 

Figure 4.5 Plasmid extraction gel photo. 
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Two plasmid bands were observed (Figure 4.5). The purity of the plasmid results range 

from 1.8 to 2.0. Plasmid was sent for sequencing and results obtained were blast with 

GenBank database to confirm the identity of Sargassum DNA. However, the purpose 

for cloning and transformation analyses of the Sargassum DNA in this study was to test 

the sequence ambiguities subsequent DNA extraction from the same species. The 

results obtained from the sequencing analysis have the average sequence similarity of 

90%, proving the sequencing method is strongly effective for further analysis. This 

method was not discussed in this study. 

 

4.2.2 Phylogenetic analysis 

 

For taxonomic revision on Malaysian Sargassum, a total of 86 partial Rubisco operon, 

154 ITS-2 region, and 85 cox3 sequences, including 28, 40, 26 GenBank sequences 

respectively, were aligned. Total lengths were 1202 bp, 664 bp, and 571 bp respectively 

for each region, including gaps. All taxa identified in this study belong to subgenus 

Sargassum section Ilicifolia, Polycystae and Binderiana. GenBank sequences 

representing subgenus Arthrophycus, Bactrophycus and Phyllotrichia were selected 

among those published by Stiger et al. (2000, 2003), Phillips et al. (2005), Mattio et al. 

(2008, 2009, 2010) and Mattio and Payri (2009) as outgroup. ITS-2 nuclear region 

alignment required the addition of several gaps and was treated following the alignment 

based on sequences’ secondary structure used by Stiger et al. (2003). Partial Rubisco 

operon and cox3 sequences were aligned by eye without ambiguity. Limited Sargassum 

GenBank sequences were available for specimens from Malaysia. Previous published 

Malaysian specimens were S. binderi (AB043116 for ITS-2 region), S. crassifolium 
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(AB043117 for ITS-2 region) and S. stolonifolium (AB043613 for ITS-2 region). These 

sequences were included for further confirmation on Malaysian specimens in this study.  

 

NJ, MP and ML analyses of the three markers produced similar tree topologies. 

Therefore, only NJ trees are shown (Figure 4.6 – 4.8). Phylogenetic tree based on the 

partial Rubisco operon alignment (Figure 4.6) displayed three poorly to strongly 

supported groups representing subgenus Sargassum (BS ≤ 66%), Bactrophycus and 

Arthrophycus (BS ≤ 90%) and Phyllotrichia (BS ≤ 100%). Analysis of the ITS-2 

alignment (Figure 4.7) produced three strongly supported groups representing subgenus 

Sargassum (BS ≥ 81%), Bactrophycus and Arthrophycus (BS ≥ 85%) and Phyllotrichia 

(BS = 100%). Lastly, the cox3 alignment (Figure 4.8) generated three moderate to 

strongly supported groups representing subgenus Sargassum (BS ≥ 88%), Bactrophycus 

(BS ≥ 67%) and Phyllotrichia (BS = 100%). As a result of the most recent publication 

on Sargassum species, a new phylogenetic classification was proposed (Mattio et al. 

2009, Mattio and Payri 2009). Thus, the following results and discussion were updated 

in accordance with the recent state of classification.  

 

All analyses within the subgenus Sargassum clade were divided into a few 

monophyletic clades which were strongly to weakly supported, representing sections 

proposed by Mattio et al. (2009) and a proposal of four new records. 

 

The locality of S. binderi (AB043116) (Figure 4.7, Clade E1) was Cape Rachado, Port 

Dickson (Stiger et al. 2000), stating that this sequence did not belong to the type locality 

mentioned in the literature (Agardh 1848: China Sea and Sunda Strait). We included 

sequences of Malaysian specimens from South China Sea (Terengganu, east coast 
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Peninsular Malaysia and Kota Kinabalu, Sabah) for the reference and comparison of 

specimen from the type locality. The alignments of Malaysian S. binderi (in this study) 

clustered with GenBank sequences of S. aquifolium, S. crassifolium and S. 

echinocarpum. Lately, S. binderi (AB043116), S. crassifolium (AB043117), S. 

echinocarpum (EU100795) have all been considered as S. aquifolium by Mattio et al. 

(2009). However, the results in this section utilised the original nomenclature for the 

sequences aligned to avoid species bias in the analysis. This clade for all three markers 

in the Sargassum section Binderiana (previously known as Acanthocarpicae), 

suggested the possibility of synonymy of these species. 

 

S. marginatum identified formed a monophyletic clade (Figure 4.6, Clade A; Figure 4.7, 

Clade A; Figure 4.8, Clade C) with Sargassum siliquosum and Sargassum ilicifolium 

from sect. Ilicifolia (Mattio et al., 2009). S. duplicatum which shared identical leaves 

structure with S. ilicifolium var conduplicatum were grouped with S. ilicifolium in this 

study (Figure 4.6, Clade B2; Figure 4.7, Clade B1). Both species were then considered 

synonym of S. ilicifolium. Phylogeny within subgenus Sargassum section Polycystae 

(previously known as Zygocarpicae) (Clade C, Figure 4.6 and Figure 4.7; Clade E, 

figure 4.8) using all three markers were weakly diverged at the species level, hence, 

leaving the taxonomic position within the respective section not resolved. 

 

Figure 4.9 shows an overview to compare the polyphyly of Agardhian system with the 

corresponding revised classification (Mattio et al. 2009) based on phylogenetics. The 

old classification based on reproductive systems was weakly supported at species level. 

Even with new classification, the definition of species using genetic markers was poorly 

understood. 
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Figure 4.6 NJ tree based on partial Rubisco spacer alignment, BS indicated for 
NJ/MP/ML methods when above 50%.  

Shaded areas in Clade C, section Polycystae denote species with stolon-like structure; Sampling area 
abbreviations: A, Australia; CR, Cape Rachado; EJ, East Johore; FJ, Fiji; FP, French Polynesia; HI, 
Hawaii; JP, Japan; K, Kedah; KK, Kota Kinabalu; Ko, Korea; ME, Melacca; NC, New Caledonia; NZ, 
New Zealand; PE, Penang; T, Terengganu; TK, Teluk Kemang; US, United States; Va, Vanuatu. 



125 

	  

 

Figure 4.7 NJ tree based on ITS-2 alignment, BS indicated for NJ/MP methods 
when above 50%. (Due to the large amount of samples included in the 
analysis, tree is enlarge into sub-clade view in the following page) 
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Following figures are the sub-clade enlargement (Sargassum subgenus Arthrophycus 

and Bactrophycus not include) of Figure 4.7. 

 

 

 

Sampling area abbreviations: CR, Cape Rachado; EJ, East Johore; FJ, Fiji; FP, French Polynesia; JP, 
Japan; KK, Kota Kinabalu; ME, Melacca; NC, New Caledonia; T, Terengganu; TK, Teluk Kemang. 
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Shaded areas in Clade C, section Zygocarpicae denote species with stolon-like structure; Sampling area 
abbreviations:  CR, Cape Rachado; EJ, East Johore; FJ, Fiji; FP, French Polynesia; HI, Hawaii; JP, Japan; 
K, Kedah; KK, Kota Kinabalu; L, Labuan; ME, Melacca; NC, New Caledonia; NZ, New Zealand; PE, 
Penang; S, Solomon; Se, Semporna; So, Society; T, Terengganu; TK, Teluk Kemang; Va, Vanuatu. 
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Sampling area abbreviations: CR, Cape Rachado; FJ, Fiji; FP, French Polynesia; HI, Hawaii; JP, Japan; 
KK, Kota Kinabalu; ME, Melacca; NC, New Caledonia; Se, Semporna; So, Society; TK, Teluk Kemang; 
Va, Vanuatu. 
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Figure 4.8 NJ tree based on cox3 alignment, BS indicated for NJ/MP/ML methods 
when above 50%. 

Shaded areas in Clade E, section Polycystae denote species with stolon-like structure; Sampling area 
abbreviations: CR, Cape Rachado; EJ, East Johore; FJ, Fiji; FP, French Polynesia; HI, Hawaii; JP, Japan; 
KK, Kota Kinabalu; ME, Melacca; NC, New Caledonia; PE, Penang; S, Solomon; Se, Semporna; So, 
Society; T, Terengganu; TK, Teluk Kemang; Va, Vanuatu. 

 



130 

	  

 

Figure 4.9 An overview of the revised classification of section of subgenus 
Sargassum with the present Agardhian system, using NJ tree of partial 
Rubisco spacer as an example. 
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Certain sequences from the molecular markers display some alignment difficulties due 

to Long Branch attractions. Such sequences were discarded and re-aligned. Selected 

GenBank sequences together with sequences from type localities will provide a more 

complete view on the whole subgenus Sargassum to resolve the taxonomic position of 

Malaysian Sargassum. 

 

A total of 47 ITS-2 (591 bp long including gaps), 34 partial Rubisco operon (605 bp 

long including gaps), and 41 cox3 (436 bp long, with no gap) sequences were included 

in the analysis, GenBank accession are listed in Appendix 2. Final alignments including 

GenBank sequences accounted for a total of 72 concatenated sequences (1632 bp long 

in total including gaps). Results obtained for concatenated alignments using BI and ML 

produced congruent tree topologies. Figure 4.10 shows the tree obtained with Bayesian 

Inference; both posterior probabilities (when above 0.95) and bootstrap proportion 

values (when above 70%) were indicated. Sequences for the 13 Malaysian species were 

distributed among three fully supported clades representing S. sections Binderiana, 

Ilicifolia and Polycystae.  

 

Sequences for the seven species clustering within the S. section Polycystae clade were 

little divergent (0.962-1 sequence identity) and did not produce any supported sub-

clades which could be relevant for distinguishing species. Sequences for specimens of S. 

polycystum and S. stolonifolium from type localities (respectively Sunda Strait, 

Indonesia and Penang, Malaysia) as well as S. polycystum sequences from Fiji and New 

Caledonia (GenBank) grouped within the same clade (S. sect. Polycystae).  
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Figure 4.10 Result of the Bayesian Inference analysis based on concatenated 
alignments (ITS2 + partial Rubisco spacer + cox3). Both posterior 
probabilities (when > 0.95) and boostrap values for the Maximum 
Likelihood analysis (when > 70%) are indicated. (T) indicates sequences 
obtained from type locality.  

 
Localities are abbreviated as follows: FJ: Fiji, S: the Solomon Islands, FP: French Polynesia, HI: Hawaii, 
INDO: Indonesia, JP: Japan, K: Kermadec Is., MAL: Malaysia, NC: New Caledonia, RUN: Reunion 
Island, SA: South Africa, Va: Vanuatu. 
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Sequences for the four Malaysian species clustering within the S. section Ilicifolia clade 

were grouped into two moderately to well supported subclades. The first subclade (see 

Figure 4.10) included GenBank sequences for S. ilicifolium from New Caledonia and 

Fiji, and sequences for a S. siliquosum specimen collected near (Thousand Islands, 

Indonesia) its type locality (Sunda Strait, Indonesia). Within this sub-clade, further 

grouping of Malaysian sequences was not well supported. The second subclade 

included sequences for only one Malaysian species identified to S. marginatum as well 

as sequences for two unidentified Indonesian specimens.   

 

The second subclade was subdivided in several subgroups which were more or less well 

supported. They included included GenBank sequences for S. aquifolium from various 

localities throughout the Indo-Pacific, sequences for the Malaysian species pre-

identified as S. binderi and specimens of the same species collected from one of the 

syntype localities of S. binderi (Sunda Strait, Indonesia). Sequences for all the 

specimens pre-identified as S. binderi clustered in a well supported subgroup.  

 

All of the species identified in this study belong to the S. subgenus Sargassum. The 

preliminary morphological identification of the thirteen species was challenged using 

the results of the DNA analyses (e.g. grouping with previously identified and published 

sequences, sequences for specimens from type localities) and confirmed by the 

examination of original diagnoses and type specimens.  

 

The identification of the species for which the sequences clustered in the S. sect. 

Polycystae clade relied on morphology only, because of insufficient sequence 

polymorphism. These species showed significant morphological variations which 
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allowed us to identify them as: S. abbottiae, S. balingasayense, S. densicystum, S. 

granuliferum, S. longifructum, S. polycystum and S. stolonifolium. 

 

Sequences for four species clustered within the S. sect. Ilicifolia clade. All sequences 

available for the specimens pre-identified to S. marginatum grouped in a distinct and 

well supported subclade. Sequences available for the three other species did not show 

supported sequences polymorphism, but morphological evidences led us to distinguish 

them as three distinct entities which were identified to S. ilicifolium, S. siliquosum, and 

S. parvifolium. 

 

Sequences for the two remaining species clustered in two different subclades of the S. 

sect. Binderiana clade. The first subclade included GenBank sequences for S. 

aquifolium from various Pacific locations (weakly supported subgroup), and sequences 

for the Malaysian species pre-identified to S. binderi as well as sequences for S. binderi 

specimens from its type locality (well supported subgroup). Morphological comparison 

to relevant type specimens led us to confirm the similarity of Malaysian specimens to 

the type of S. binderi which we believe distinct from S. aquifolium (see “Taxonomical 

notes” section of the Discussion). The second S. sect. Binderiana subclade included the 

unique sequence corresponding to the unidentified Malaysian species and GenBank 

sequences for S. swartzii from New Caledonia. Morphological comparison to the type 

specimens of S. swartzii led us to consider the Malaysian species as different; it 

therefore remained unidentified and is referred to as S. sp. 
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CHAPTER 5 

 

5.0 DISCUSSION 

 

5.1 Historical Collections and Nomenclature 

 

Available literature provided a list of 34 different Sargassum species reported for 

Malaysia. A total of 22 species have been deposited at the University of Malaya 

Seaweeds and Seagrasses Herbarium, University of Malaya (KLU) of which 12 are 

unable to be identified due to absence of complete herbarium specimens. The placement 

of species within a section or subdivision is often difficult and illustrates the challenge 

between intra-specific morphology and a classification system based on old and 

fragmentary material not representative of species polymorphism. The traditional 

identification of sections of subgenus Sargassum is based exclusively on the 

morphology of receptacles. The wide polymorphic range observed in Sargassum species 

has led to several taxonomic ambiguities since the original description of this genus. 

The study of the morphological range of an individual species underlined consistencies 

within low taxonomic levels (subsections, series, and species group), and highlighted 

the weak taxonomic value of traditional characters used to classify species into sections. 

Although the use of genetic characters could help resolve morphology taxonomic 

difficulties, the limitations of their interpretation are still not well understood, and it is 

complicated to inform to what extent molecular data provide diagnostic characters for 

species identification. Hence, we urge for a new classification system based on both 

morphological and molecular data. 
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5.2 Morphology vs. phylogeny 

 

5.2.1 Polyphyly of section Binderiana 

 

Sargassum binderi Sonder ex J. Agardh and S. oligocystum Montagne belong to the 

Subgenus Sargassum, Section Acanthocarpicae, Subsection Glomerulate, and Series 

Binderiana (Tseng & Lu, 1995).  The Glomerulate consists of plants with receptacles 

which form cymose, or short, or at least dentate receptacles (Agardh, 1848), while 

Binderiana forms distichous, complanate to compressed main branches (Grunow, 

1915). Agardh (1848) separated S. binderi and S. oligocystum based on vesicle 

characteristics. Almost hundred years later, Womersley and Bailey (1970) proposed S. 

binderi as the synonym of S. oligocystum after studying the type specimen of S. 

oligocystum. However, descriptions of the leaves and vesicles were not reported in the 

literature. This proposal was adopted by Noro et al. (1994) and Silva et al. (1996), but 

rejected by Ajisaka et al. (1999) and Tseng and Lu (1995, 2000) based on the 

morphological characteristics, specifically differences in receptacles and vesicles. The 

detailed studies on the literature were simplified into a table in Appendix 5. Illustrations 

of type specimens were in Chapter 4 (Figure 3.5). Noiraksar et al. (2006, 2007) and 

Noriaksar and Ajisaka (2008) did an extensive taxonomy and distribution study on the 

Sargassum from the Gulf of Thailand. Briefly, the Sargassum from Thailand shared 

similar seaweed flora with Malaysia. Most specimens are closely resembled in branch 

and receptacle form. The authors did not consider S. binderi and S. oligocystum as 

synonym in the publications. Examination of type specimens was not mentioned in the 

reports. Recently, S. binderi, S. oligocystum and S. crassifolium were considered 
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synonyms of S. aquifolium (Turner) C. Agardh by Mattio et al. (2009). The authors 

designated the complete synonyms of S. aquifolium as below: 

 

S. aquifolium (Turn.) C. Agardh (Basionym: Fucus aquifolius Turn.) 

= S. binderi var. incisifolia Sond. ex Grun. 

= S. bisserrula J. Ag. 

= S. crassifolium J. Ag. 

= S. echinocarpum J. Ag. 

  = S. oligocystum Mont. 

  = S. oligocystum sensu De Wreede  

   = S. grevillei J. Ag. 

   = S. binderi Sond. ex J. Ag. 

   = S. binderi f. latifolium Sond. 

   = S. oligocystoides Grun. 

   = S. porosum Grev. 

= S. heterocystum Mont. 

= S. odontocarpum Sond. 

 

5.2.1.1 aquifolium-binderi-oligocystum complex 

 

The type locality of S. binderi Sond. ex J. Ag. was recorded as China Sea and Sunda 

Straits. Therefore, in this study, we sequenced the samples collected from Terengganu 

and Kota Kinabalu (South China Sea) which are considered closest to the type locality. 

Results presented in Figure 4.7 (Clade E1) and Figure 4.8 (Clade A) showed that S. 

binderi were grouped with S. aquifolium from Pacific regions with poor to strong BS 
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supports (54 ≤ BS ≤ 100) and polyphyletic within each clade (Clade F, Figure 4.6; 

Clade E1, figure 4.7 and Clade A, Figure 4.8). The type specimen of S. oligocystum 

Mont. (Holotype: PC0146132) were loaned from the Museum National D’histoire 

Naturelle, France. Detailed examination was done to confirm the S. oligocystum 

identified in this study. However, result can’t be proved without strong evidence. We 

made a field collection to the type locality (Lampung, Sumatera, Indonesia) to obtain 

the specimens and sequenced both S. oligocystum from Lampung and S. binderi from 

Sunda Straits. Hence, from the study of both morphology and molecular approach, we 

proposed to confirm S. oligocystum as a synonym to S. binderi. On the other hand, we 

did not obtain S. aquifolium specimens to further confirm the proposal by Mattio et al. 

(2009), leaving the question whether the S. binderi is the valid synonym to S. 

aquifolium (both type mentions the same locality, Sunda Straits), still open to 

discussion. 

 

5.2.2 The species complex in section Zygocarpicae-Polycystae 

 

S. polycystum (section Zygocarpicae) is a common species found in the Indo-pacific 

region (Phillips 1995). This species is abundant in Malaysia as well. The combined 

effects of nutrient pollution and overfishing of herbivorous species could contribute to 

the proliferation of S. polycystum. S. polycystum underwent many changes in the 

taxonomical position in the past years. This species was originally placed within section 

Malacocarpicae, subsection Racemosae, series Glandulariae. Ajisaka et al. (1995) 

transferred it to the section Zygocarpicae, subsection Holozygocarpicae, whereas 

Phillips et al. (2005) suggested transferring S. polycystum to section Acanthocarpicae 

based on rbcLS operon analyses. Recently, Mattio et al. (2009) proposed a new section 
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Polycystae to accommodate S. polycystum with other species exhibiting stolon-like 

branch systems. The authors also proposed S. stolonifolium as a synonym of S. 

plagiophyllum. However, the authors did not sequence the type of S. stolonifolium and 

S. plagiophyllum. In this study, specimens of S. stolonifolium from type locality (Batu 

Ferringhi, Pulau Pinang) were sequenced together with other species belong to the 

section Zygocarpicae. However, we did not obtain the sequences of S. plagiophyllum to 

further confirm the synonymy. The taxa showed low genetic divergence for all three 

markers investigated. The lack of sequences polymorphism between taxa of section 

Zygocarpicae may be caused by the occurrence of one species showing a wide variety 

of morphological forms due to phenotypic plasticity. However, the taxa found in this 

study were mostly found intermixed in the same locality, growing under the same 

conditions contradict to the above assumption. Hence, the proposition remains to be 

tested suggesting that the species in this section has undergone recent and fast 

expansion. In this context, the speciation of section Zygocarpicae may be too recent to 

produce genetic monophyletic species. This hypothesis has yet to be tested in the 

absence of a molecular clock of genus Sargassum, producing insufficient interpretation. 

In this study, S. polycystum from type locality was sequenced to truly confirm the 

position of this taxa. 

 

5.2.3 Subgenus Sargassum Section Ilicifolia 

 

Fucus ilicifolius Turner was first described by Turner (1807) from a specimen collected 

in Sunda Strait, Indonesia (holotype: BM 562953). Later, C. Agardh (1820) transferred 

this species to S. ilicifolium and it was designated as the type species of ser. Ilicifoliae 
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(J. Agardh, 1889; Tseng and Lu, 2002c). Mattio et al. (2010) elevated this series to 

section (Type specimen: S. ilicifolium).  

 

Sequences for the four Malaysian species clustering within the S. section Ilicifolia clade 

were grouped into two moderately to well supported subclades. The first subclade (see 

Fig. 4.9) included GenBank sequences for S. ilicifolium from New Caledonia and Fiji, 

and sequences for a S. siliquosum specimen collected near (Thousand Islands, 

Indonesia) its type locality (Sunda Strait, Indonesia), both taxa differ with the shape of 

the leaves. Within this sub-clade, further grouping of Malaysian sequences was not well 

supported. 

 

5.3 Nomenclature revision 

 

Over the past few years, the taxonomic position of Sargassum has undergone great 

changes due to the advances in biotechnology. Molecular approaches were considered a 

powerful informative tool to infer the phylogenetic relationships. Consequently, many 

synonyms were proposed and taxonomic rank has been amended, elevated or discarded.  

New distinctive traits have been considered, despite the reproductive characters used to 

define other sections of Subgenus Sargassum (Mattio et al. 2009, 2010) 

 

From the morphological analysis and the phylogenetic trees produced, we agreed with 

the proposal by Mattio et al. (2009) that (i) series Illicifoliae (type: S. illicifolium) be 

elevated to section rank, and (ii) Series Binderiana (type: S. binderi) be elevated to 

section rank as well. The two amended sections are re-described based on the new 

morphological key character, leaves. Mattio et al. (2009) suggested that morphology of 
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their leaves appeared to be the best distinctive traits, complementary with the 

reproductive characters used to define other sections of the subgenus Sargassum. On the 

other hand, we suggest that synonymy of S. stolonifolium - S. plagiophyllum and 

synonymy of S. aquifolium – S. binderi to be further confirmed with sequences from 

type localities.  

 

Apart from that, the status of several species was reconsidered based on thorough 

examination of diagnosis, type specimens and phylogenetic trees produced. Firstly, we 

suggest to include S. siliquosum (previous: section Malacocarpicae) into section 

Ilicifolia. Secondly, we propose to confirm the synonymy of S. binderi and S. 

oligocystum for both species with the molecular evidence from both type specimens. 

Thirdly, we provide the first sequences of specimens from type localities in this study 

and for future analyses (S. binderi, S. oligocystum, S. polycystum, and S. stolonifolium). 

Lastly, we report four new records found in Malaysia, namely S. densicystum, S. 

longifructum, S. marginatum and S. cf. parvifolium.  

 

5.4 Biogeographic affinities 

 

Table 3.2 lists the 22 Malaysian Sargassum species as revised in the present study and 

their distribution in Malaysia as well as in neighboring countries. None of the taxa 

recorded here appeared to be endemic. More than half of the Malaysian taxa were also 

found in China, Indonesia and the Philippines while slightly less were shared with 

Singapore, Taiwan, Thailand, Vietnam and India. Very few species appear to be shared 

with Burma, Hong-Kong and Japan while none are common to Korea. The lack of 

similarity with the more temperate regions such as Japan and Korea is easily explained 
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by the occurrence of species belonging mainly to S. subgenus Bactrophycus while 

species in Malaysian belong to the tropical S. subgenus Sargassum. However, given the 

geography of Malaysia and Indonesia (Figure 3.21), we expected a more important 

similarity in species diversity between the two countries. Apart from that, we also took 

into account the similarities of Sargassum species recorded in Malaysia (present study) 

found between the Straits of Malacca and the South China Sea. A value of 0.667 was 

obtained by calculating the Sorenson Similarity Index. The preferable index was 

depends on the questions asked and the kind of data available (Wolda 1981). The 

species shared between Peninsular Malaysia and Sabah also showed a 0.6 Sorenson 

Similarity Index. However, only realistic results may be produced in macroecological 

and conservation studies only if they are based on reasonably complete species list 

(Gomez de Silva and Medellin 2001).  

 

Studies of the geographical history of South East Asia highlighted that there was no 

geographical barrier between the mainland of South East Asia and Malaysia until five 

million years ago due to the direct land connection (Hall 1998). To date the only time-

calibrated phylogeny of brown algae available (Silberfeld et al. 2010) suggests that the 

genus Sargassum diverged about 30 to 25 Ma ago. The S. sect. Sargassum is probably 

younger but may have existed before the disconnection of Borneo from the main land. 

In marine macroalgae, gene flow occurs through gamete/zygote dispersal and rafting via 

adult thalli, or inherent buoyancy (Buchanan and Zuccarello 2012). Dispersal is the 

processes that produce and maintain genetic structure in organisms operate at different 

time-scale and on different history stages. The authors suggested that ocean current 

patterns and winds facilitate long distance dispersal. Another example of buoyancy 

state, which permitted long distance dispersal among Durvillaea species, was studied by 
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Fraser et al. (2010). The authors also suggested that apart from buoyancy state, 

oceanography also influence the dispersal in its broad distribution. Today’s surface 

circulation in the South China Sea (Camerlengo & Demmler 1997, Akhir 2012) also 

suggests high connectivity between the various Malaysian and Indonesian provinces as 

well as Thailand, Cambodia, Vietnam, Southern China and the Philippines. In this 

context one could expect a higher similarity in the Sargassum diversity between those 

countries. This is however badly reflected in Table 3.2. 

  

It must be noted that the Sargassum checklists for most of the countries listed in Table 

3.2 were based on unrevised data. None of these floras, except that of Korea (Cho et al. 

2012), have yet been revised using extensive new collections and molecular data. As the 

revision of the genus progresses in South East Asia, the description and our 

understanding of biogeographical patterns will evolve. For instance, a revision of the 

Indonesian Sargassum flora is critically needed (76 taxa recorded by Guiry & Guiry 

2012). The situation is similar for the other localities, especially Vietnam, the 

Philippines and China for which 80, 101 and 155 taxa respectively are listed by Guiry & 

Guiry (2012) while only seven are recorded for Thailand and none for Cambodia. 
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CHAPTER 6 

 

6.0 CONCLUSION 

 

As Sargassum is the most differentiated species in Fucales, the wide polymorphy range 

observed in Sargassum species has led to several taxonomic ambiguities since the 

original description of this genus.  Literature and reports for morphological analyses are 

very subjective to each scientist, that publications are based on what material they have 

and what they have seen. The incomplete type materials were not able to help in sorting 

out the correct identification of the specimens. For example, specimens obtained from a 

same locality may look different and yet may be derived from the same ancestor. This is 

the case which happened to S. binderi and S. oligocystum. Whereas, there are specimens 

which seems similar but are actually different when genetic analysis were conducted. 

One of the reasons may be due to hybridization or adaptation which occurs with the 

changes of the environment and temperature. These occurrences bring forward the 

difficulty of classification. The type material collected from the stated locality may not 

be there after a few hundred years. Moreover, many of the type specimens were 

collected floating on the sea. These led us to ponder, are there really new specimens or 

it has been reported but deposited into the corner of a Herbarium yet to be discovered. 

One obvious example: the University of Malaya Seaweeds and Seagrasses Herbarium, 

University of Malaya (KLU) itself houses more than 2000 collection numbers of 

Sargassum from all the surveys conducted throughout Malaysia. We identified 14 

morphospecies, with four new records. These morphospecies were identified using the 

published morphological taxonomic key and further confirmed with the available type 

specimens from the corresponding herbaria.  
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Genetic markers infer into the phylogenetic relationship of the species and place them 

into the correct taxonomy position. The results of these markers were analysed based on 

statistical calculations and probabilities. Mathematical formulas always provide an 

answer closest to accurate. The results of the analyses revealed the usefulness of 

molecular markers to test the morphological characteristics. However, there are 

questions that remain. One can only solve a small part of the puzzle with the current 

genetic markers available. Therefore, only certain markers were suitable for resolving 

the phylogenetic of certain species. In time, more markers will be produced and used for 

the identification of the species. On the other hand, in this study, only three popular 

markers were used for analyses. This is because these markers were published 

extensively. Therefore, it provides a nearly complete database with sequences from all 

around the world. Although many other markers were also available for testing, the 

results may not be as certain when comparison was not able to be made. Sequences for 

the specimens collected from the type localities were produced for the first time to assist 

in a better and more accurate resolution of the phylogenetic analyses. 

 

In conclusion, both approaches were able to assess the pros and cons. The 

morphological identification should not be taken lightly as an experienced taxonomist 

can make detailed identification based on morphological characters. Nevertheless, 

misidentification occurs when the material obtained was not complete. Molecular 

approaches compensate the discrepancies of morphological data, providing a faster and 

easier way to identify a specimen with more accuracy.  Yet molecular data could be 

misleading sometimes due to the preparation and handling of the materials, though we 

can’t deny the amount of information that molecular data possesses. As a result, the new 
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Sargassum taxonomy was constructed using molecular data as a foundation, without 

totally replacing the traditional identification methods. 

 

Results of this study show that the null hypothesis “Gene sequencing will not 

differentiate morphologically similar but not identical, species of Sargassum” is 

rejected.  

  

For future research, a wider geographical context should be covered for producing a 

more thorough and complete understanding on the taxonomy of Sargassum considering 

the available gene sequences published. A latest checklist of Malaysian Sargassum and 

the neighbouring country should be reproduced with the collaboration with Sargassum 

taxonomists from the areas. Apart from that, a new molecular marker should be selected 

for a better approach in resolving the phylogenetic trees to offset the flaws of existing 

both molecular and morphological data. 
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Appendix 1 Present Agardhian system (Phang et al. 2008) 

Subgenus Section Subsection Series 
Phyllotrichia J. 
Agardh 
(*Schizophycus J. 
Agardh) 
 

   

Bactrophycus J. 
C. Agardh 

Spongocarpus 
(Kuetzing) Yoshida 

  

 Teretia Yoshida   
 Halochloa 

(Kuetzing) Yoshida 
  

 Repentia Yoshida   
 Phyllocystae Tseng   
Sargassum J. 
Agardh 

Zygocarpiae J. 
Agardh 

Holozygocarpicae 
Setchell 

Carpophylleae (J. Agardh ex Setchell) Abbott, 
Tseng et Lu 

   Tenerrimeae Tseng, stat. nov. 
Basionym: Sargassum species group Tenerrima 
Setchell (1935, p.8) 

   Tenueae Tseng, Stat. nov. 
Basionym: Sargassum species group Tenuia 
Setchell (1935, p.12) 
 

  Pseudozygocarpicae 
Setchell 

Cinereae Tseng et Lu 

   Vachellianeae Tseng Stat. nov. 
Basionym: Sargassum species group Vachelliana 
Setchell (1935, p.17) 

 Malacocarpicae (J. 
Agardh) Abbott, 
Tseng et Lu 

Fruticuliferae (J. 
Agardh) Tseng et Lu 

 

  Cymosae (J. Agardh) 
Tseng et Lu 

 

  Racemosae (J. 
Agardh) Tseng et Lu 

Acinariae (J. Agardh) Tseng et Lu, stat. nov. 
Basionym: Subtribe Acinariae J. Agardh (J. G. 
Agardh, Kgl. Sv. Vetensk.-Ak. Handl. 23, p.39, 
1889). 

   Glandulariae (J. Agardh) Tseng et Lu, stat. nov. 
Basionym: Subtribe Glandulariae J. Agardh (J. G. 
Agardh, Kgl. Sv. Vetensk.-Ak. Handl. 23, p.39, 
1889). 

   Siliquosae (J. Agardh) Tseng et Lu, stat. nov. 
Basionym: Subtribe Siliquosae J. Agardh (J. G. 
Agardh, Kgl. Sv. Vetensk.-Ak. Handl. 23, p.39, 
1889). 

 Acanthocarpicae (J. 
Agardh) Abbott, 
Tseng et Lu 

Glomerulatae (J. 
Agardh) Tseng et Lu 

Binderiana (Grunow) Tseng et Lu, stat. nov. 
Basionym: Subtribe Binderiana Grunow (1915, 
p.381) 

   Platycarpicae (Grunow) Tseng et Lu, stat. nov. 
Basionym: Subtribe Platycarpae Grunow 1915, 
p.388 

  Bisserulae (J. 
Agardh) Tseng et Lu 

Odontocarpae (J. Agardh) Tseng et Lu, stat. nov. 
Basionym: Species group Coriifolia J. Agardh 
(1889, p.96) 
Type Species: S. coriifolium J. Agardh, Sp. 
Sargassorum…p.96, 1889 

   Plagiophyllae Tseng et Lu, ser. nov. 
Basionym: Parvifolia (J. Agardh amend Grunow) 
Tseng et Lu, Tax. Econ. Seaweeds 6,  p. 5, 1997 
Type species: S. plagiophyllum (Mertens) J. Agardh, 
Sp. gen. ordines algarum, vol.1, p.309, 1848; J. 
Agardh, Sp. Sargassorum Austr., p.120, pl.12. figs4-
5, 1889 

Arthrophycus J. 
Agardh 

  Ilicifoliae (J. Agardh) Tseng et Lu, stat. nov. 
Basionym: Species group Ilicifolia J. Agardh (1889, 
p. 92) 
Type species: S. ilicifolium (Turner) C. Agardh, Sp. 
algarum, p.11, 1820 

 



 

Appendix 2 Sargassum species from Malaysia included in DNA analysis. 

  Preliminary Name Given Revised Name 
DNA 

Voucher 
Herbarium 

Voucher Collection Site Collection details ITS-2 cox3 rbcL 
1 Sargassum abbottiae  ME075 PSM8122 Pulau Besar, Melaka May-2007, NWS + + 

 
 

Sargassum abbottiae  ME076 PSM8123 Pulau Besar, Melaka May-2007, NWS + + + 
2 Sargassum baccularia Sargassum granuliferum ME047 PSM8495 Pulau Besar, Melaka Jul-2007, NWS + + + 

 
Sargassum baccularia Sargassum granuliferum ME101 PSM8527 Pulau Besar, Melaka Jul-2007, NWS + 

 
+ 

 
Sargassum baccularia Sargassum granuliferum ME102 PSM8528 Pulau Besar, Melaka Jul-2007, NWS + 

  
 

Sargassum baccularia Sargassum granuliferum ME103 PSM8529 Pulau Besar, Melaka Jul-2007, NWS + 
 

+ 

 
Sargassum baccularia Sargassum granuliferum CR027 PSM7912 Cape Rachado, Port Dickson Jul-2005, NWS + + + 

 
Sargassum baccularia Sargassum granuliferum CR071 PSM7922 Cape Rachado, Port Dickson Nov-2005, NWS + + + 

 
Sargassum baccularia Sargassum granuliferum CR084 PSM7927 Cape Rachado, Port Dickson Jul-2006, NWS + + + 

 
Sargassum baccularia Sargassum granuliferum TK018 PSM7989 Teluk Kemang, Port Dickson May-2007, NWS + + + 

 
Sargassum baccularia Sargassum granuliferum TK030 PSM8555 Teluk Kemang, Port Dickson Oct-2007, NWS + + + 

3 Sargassum balingasayense  KK005 PSM8728 Pulau Gaya, Kota Kinabalu, Sabah Oct-2007, NWS 
   

 
Sargassum balingasayense  KK008 PSM8730 Pulau Gaya, Kota Kinabalu, Sabah Oct-2007, NWS 

   
 

Sargassum balingasayense  KK009 PSM8733 Pulau Gaya, Kota Kinabalu, Sabah Oct-2007, NWS 
   4 Sargassum binderi   ME036 PSM8509 Pulau Besar, Melaka Jul-2007, NWS + 

 
+ 

 
Sargassum binderi   ME040 PSM8513 Pulau Besar, Melaka Jul-2007, NWS + + 

 
 

Sargassum binderi  ME041 PSM8514 Pulau Besar, Melaka Jul-2007, NWS + 
  

 
Sargassum binderi  CR024 PSM7911 Cape Rachado, Port Dickson Jun-2005, NWS + + + 

 
Sargassum binderi  CR050 PSM7914 Cape Rachado, Port Dickson Jul-2005, NWS + + + 

 
Sargassum binderi  CR099 PSM7940 Cape Rachado, Port Dickson Aug-2006, NWS + + 

 
 

Sargassum binderi  TK040 PSM8007 Teluk Kemang, Port Dickson May-2007, NWS + + + 

 
Sargassum binderi  TK041 PSM8008 Teluk Kemang, Port Dickson May-2007, NWS + + + 

 
Sargassum binderi Sargassum sp. TK015 PSM7986 Teluk Kemang, Port Dickson May-2007, NWS + + + 

 
Sargassum binderi  PHT2 PSM10373 Pulau Perhentian, Terengganu Jun-2008, NWS - + 

 
 

Sargassum binderi  KT001  Kuala Terengganu, Terengganu Jun-2007, NWS 
   

 
Sargassum binderi  Tka8  Tanjung Kaitan, Kota Kinabalu, Sabah Oct-2007, NWS + 

  
 

Sargassum binderi  J04 PSM7676 Pulau Sibu, Johor Apr-2007, NWS (+) (+) 
 

 
Sargassum binderi  J05 PSM7677 Pulau Sibu, Johor Apr-2007, NWS (+) 

  
 

Sargassum binderi  J06 PSM7678 Pulau Sibu, Johor Apr-2007, NWS (+) (+) 
 

 
Sargassum binderi  PDi39  Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + 

  
 

Sargassum binderi  S105 PSM9700 Semporna (St1), Sabah Jul-2008, NWS + + 
 

 
Sargassum binderi  S106 PSM9701 Semporna (St1), Sabah Jul-2008, NWS + + 

 5 Sargassum granuliferum  TK016 PSM7987 Teluk Kemang, Port Dickson May-2007, NWS + + + 



 

 
Sargassum granuliferum  TK017 PSM7988 Teluk Kemang, Port Dickson May-2007, NWS + + + 

 
Sargassum granuliferum  J10 PSM7982 Pulau Sibu, Johor Apr-2007, NWS (+) (+) 

 
 

Sargassum granuliferum  J11 PSM7983 Pulau Sibu, Johor Apr-2007, NWS (+) 
  

 
Sargassum granuliferum  J13 PSM7985 Pulau Sibu, Johor Apr-2007, NWS (+) 

  
 

Sargassum granuliferum  S206 PSM9734 Semporna (St2), Sabah Jul-2008, NWS + (+) 
 

 
Sargassum granuliferum  S207 PSM9735 Semporna (St2), Sabah Jul-2008, NWS + 

  
 

Sargassum granuliferum  S208 PSM9736 Semporna (St2), Sabah Jul-2008, NWS + (+) 
 

 
Sargassum granuliferum  S209 PSM9737 Semporna (St2), Sabah Jul-2008, NWS + 

  
 

Sargassum granuliferum  S508 PSM9816 Semporna (St5), Sabah Jul-2008, NWS + + 
 

 
Sargassum granuliferum  S509 PSM9817 Semporna (St5), Sabah Jul-2008, NWS + + 

 
 

Sargassum granuliferum  MAB3 PSM9710 Mabul, Sabah Jun-2008, NWS + (+) 
 

 
Sargassum granuliferum  MAB10 PSM9731 Mabul, Sabah Jun-2008, NWS - 

  6 Sargassum ilicifolium  UMS1  Near UMS, Kota Kinabalu, Sabah Oct-2007, NWS (+) 
  

 
Sargassum ilicifolium  UMS2  Near UMS, Kota Kinabalu, Sabah Oct-2007, NWS + 

  
 

Sargassum ilicifolium  UMS8  Near UMS, Kota Kinabalu, Sabah Oct-2007, NWS - 
  

 
Sargassum ilicifolium  UMS21  Near UMS, Kota Kinabalu, Sabah Oct-2007, NWS + 

  
 

Sargassum ilicifolium  UMS22  Near UMS, Kota Kinabalu, Sabah Oct-2007, NWS (+) 
  7 Sargassum ilicifolium  var. conduplicatum Sargassum ilicifolium KAT1 PSM7967 Kuala Abang, Terengganu May-2001, WCL + 
 

+ 

 
Sargassum ilicifolium  var. conduplicatum Sargassum ilicifolium KAT2 PSM7968 Kuala Abang, Terengganu May-2001, WCL + 

  
 

Sargassum ilicifolium  var. conduplicatum Sargassum ilicifolium KAT3 PSM7969 Kuala Abang, Terengganu May-2001, WCL + 
 

+ 
8 Sargassum laxifolium  KK038 PSM8973 Pulau Udar Besar, Kota Kinabalu, Sabah Oct-2007, NWS 

   
 

Sargassum laxifolium  KK039 PSM8974 Pulau Udar Besar, Kota Kinabalu, Sabah Oct-2007, NWS 
   

 
Sargassum laxifolium  KK040 PSM8978 Pulau Udar Besar, Kota Kinabalu, Sabah Oct-2007, NWS 

   9 Sargassum myriocystum Sargassum polycystum CR112 PSM8535 Cape Rachado, Port Dickson Aug-2007, NWS + + + 

 
Sargassum myriocystum Sargassum polycystum CR113 PSM8536 Cape Rachado, Port Dickson Aug-2007, NWS (+) + + 

 
Sargassum myriocystum Sargassum polycystum TK045  Cape Rachado, Port Dickson Jan-2008, NWS 

 
+ 

 
 

Sargassum myriocystum Sargassum polycystum PTI  Pulau Tinggi, Johor Apr-2007, NWS + 
  

 
Sargassum myriocystum Sargassum polycystum TBR1 PSM8530 Twin Beach Resort, Johor Jun-1999, WCL + 

  
 

Sargassum myriocystum Sargassum polycystum TBR2 PSM8531 Twin Beach Resort, Johor Jun-1999, WCL + 
  

 
Sargassum myriocystum Sargassum polycystum TBR3 PSM8532 Twin Beach Resort, Johor Jun-1999, WCL + (+) 

 
 

Sargassum myriocystum Sargassum polycystum TBR4 PSM8533 Twin Beach Resort, Johor Jun-1999, WCL - + 
 

 
Sargassum myriocystum Sargassum polycystum TBR5 PSM8534 Twin Beach Resort, Johor Jun-1999, WCL + + 

 
 

Sargassum myriocystum Sargassum polycystum S506 PSM9814 Semporna (St5), Sabah Jul-2008, NWS + 
  

 
Sargassum myriocystum Sargassum polycystum S507 PSM9815 Semporna (St5), Sabah Jul-2008, NWS + (+) 

 
 

Sargassum myriocystum Sargassum polycystum SP3  Sungai Pulai, Johor Sep-2009, LPE 
   

 
Sargassum myriocystum Sargassum polycystum SP4  Sungai Pulai, Johor Sep-2009, LPE (+) 

  10 Sargassum oligocystum Sargassum marginatum KK028 PSM8936 Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + + + 



 

 
Sargassum oligocystum Sargassum marginatum ME097 PSM8009 Pulau Besar, Melaka May-2007, NWS (+) + + 

 
Sargassum oligocystum Sargassum marginatum ME098 PSM8010 Pulau Besar, Melaka May-2007, NWS + + 

 
 

Sargassum oligocystum Sargassum marginatum ME099 PSM8011 Pulau Besar, Melaka May-2007, NWS + 
 

+ 

 
Sargassum oligocystum Sargassum marginatum ME100 PSM8012 Pulau Besar, Melaka May-2007, NWS + 

 
+ 

 
Sargassum oligocystum Sargassum marginatum CR070 PSM7921 Cape Rachado, Port Dickson Nov-2005, NWS + + 

 
 

Sargassum oligocystum Sargassum marginatum CR076 PSM7923 Cape Rachado, Port Dickson Jul-2006, NWS + + + 

 
Sargassum oligocystum Sargassum marginatum CR077 PSM7924 Cape Rachado, Port Dickson Jul-2006, NWS + + + 

 
Sargassum oligocystum Sargassum marginatum CR111 PSM7959 Cape Rachado, Port Dickson Oct-2006, NWS + - + 

 
Sargassum oligocystum Sargassum marginatum TK033 PSM8558 Teluk Kemang, Port Dickson Oct-2007, NWS + + + 

 
Sargassum oligocystum Sargassum marginatum TK042 PSM8472 Teluk Kemang, Port Dickson Jul-2007, NWS + + + 

 
Sargassum oligocystum Sargassum marginatum PDi31  Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + + 

 
 

Sargassum oligocystum Sargassum marginatum PDi44  Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + 
  

 
Sargassum oligocystum Sargassum marginatum PDi46  Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + - 

 11 Sargassum polycystum  ME055 PSM8502 Pulau Besar, Melaka Jul-2007, NWS + 
 

+ 

 
Sargassum polycystum  ME056 PSM8503 Pulau Besar, Melaka Jul-2007, NWS + + + 

 
Sargassum polycystum  CR104 PSM7952 Cape Rachado, Port Dickson Oct-2006, NWS + + + 

 
Sargassum polycystum  CR122 PSM8540 Cape Rachado, Port Dickson Aug-2007, NWS + 

 
+ 

 
Sargassum polycystum  CR137 PSM8475 Cape Rachado, Port Dickson Jul-2007, NWS + + + 

 
Sargassum polycystum  TK001 PSM7934 Teluk Kemang, Port Dickson Aug-2006, NWS + + + 

 
Sargassum polycystum  TK022 PSM7993 Teluk Kemang, Port Dickson May-2007, NWS (+) + 

 
 

Sargassum polycystum  TK034 PSM8001 Teluk Kemang, Port Dickson May-2007, NWS + + + 

 
Sargassum polycystum  TK035 PSM8002 Teluk Kemang, Port Dickson May-2007, NWS + + 

 
 

Sargassum polycystum  KK029 PSM8937 Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + + + 

 
Sargassum polycystum  KK030 PSM8938 Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + + + 

 
Sargassum polycystum Sargassum longifructum DES099 PSM8297 Desaru, Johor Jul-2007, NWS + + + 

 
Sargassum polycystum  DES100 PSM8298 Desaru, Johor Jul-2007, NWS + + 

 
 

Sargassum polycystum  DES116 PSM8314 Desaru, Johor Jul-2007, NWS + 
 

+ 

 
Sargassum polycystum  KT003  Kuala Terengganu, Terengganu Jun-2007, NWS 

   
 

Sargassum polycystum  KT005  Kuala Terengganu, Terengganu Jun-2007, NWS 
   

 
Sargassum polycystum  KT006  Kuala Terengganu, Terengganu Jun-2007, NWS 

 
+ 

 
 

Sargassum polycystum  MAB1 PSM9708 Mabul, Sabah Jun-2008, NWS (+) - 
 

 
Sargassum polycystum  MAB2 PSM9709 Mabul, Sabah Jun-2008, NWS + (+) 

 
 

Sargassum polycystum  MAB7 PSM9729 Mabul, Sabah Jun-2008, NWS + 
  

 
Sargassum polycystum  MAB8 PSM9730 Mabul, Sabah Jun-2008, NWS + 

  
 

Sargassum polycystum  S110 PSM9705 Semporna (St1), Sabah Jul-2008, NWS + (+) 
 

 
Sargassum polycystum  S112 PSM9707 Semporna (St1), Sabah Jul-2008, NWS + (+) 

 
 

Sargassum polycystum  AK4  Awana Kijal, Terengganu Jun-2007, NWS + 
  



 

 
Sargassum polycystum  AK5  Awana Kijal, Terengganu Jun-2007, NWS + 

  
 

Sargassum polycystum  AK7  Awana Kijal, Terengganu Jun-2007, NWS - 
  

 
Sargassum polycystum  PHT13-2 PSM10374 Pulau Perhentian, Terengganu Jun-2008, NWS + + 

 
 

Sargassum polycystum  PHT13-6 PSM10376 Pulau Perhentian, Terengganu Jun-2008, NWS (+) 
  

 
Sargassum polycystum  PHT14 PSM10378 Pulau Perhentian, Terengganu Jun-2008, NWS + (+) 

 
 

Sargassum polycystum  SP1  Sungai Pulai, Johor Sep-2009, LPE (+) 
  

 
Sargassum polycystum  SP2  Sungai Pulai, Johor Sep-2009, LPE 

 
(+) 

 12 Sargassum siliquosum   CR043 PSM7913 Cape Rachado, Port Dickson Jul-2005, NWS + - 
 

 
Sargassum siliquosum  CR134 PSM8552 Cape Rachado, Port Dickson Aug-2007, NWS + + + 

 
Sargassum siliquosum  CR135 PSM8553 Cape Rachado, Port Dickson Aug-2007, NWS + 

 
+ 

 
Sargassum siliquosum  TK036 PSM8003 Teluk Kemang, Port Dickson May-2007, NWS + + + 

 
Sargassum siliquosum  TK037 PSM8004 Teluk Kemang, Port Dickson May-2007, NWS + + 

 
 

Sargassum siliquosum  TK038 PSM8005 Teluk Kemang, Port Dickson May-2007, NWS + + + 

 
Sargassum siliquosum  KK027 PSM8935 Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + + 

 
 

Sargassum siliquosum  PDi35  Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + (+) 
 13 Sargassum stolonifolium  KSM1 PSM7970 Kuala Sg. Merbok, Kedah May-2001, WCL 

 
- 

 
 

Sargassum stolonifolium  KSM4 PSM7971 Kuala Sg. Merbok, Kedah May-2001, WCL (+) 
  

 
Sargassum stolonifolium  KSM5 PSM7972 Kuala Sg. Merbok, Kedah May-2001, WCL + 

  
 

Sargassum stolonifolium  PE003 PSM9209 Batu Ferringhi, Penang Dec-2007, NWS + + + 

 
Sargassum stolonifolium  PE004 PSM9203 Batu Ferringhi, Penang Dec-2007, NWS + - + 

 
Sargassum stolonifolium  PE010 PSM9209 Batu Ferringhi, Penang Dec-2007, NWS + + + 

 
Sargassum stolonifolium  PE030 PSM9276 Batu Ferringhi, Penang Dec-2007, NWS + 

 
+ 

14 Sargassum squarrosum Sargassum marginatum CR002 PSM7893 Cape Rachado, Port Dickson Jun-2005, NWS + 
 

+ 

 
Sargassum squarrosum Sargassum siliquosum CR005 PSM7896 Cape Rachado, Port Dickson Jun-2005, NWS 

   
 

Sargassum squarrosum Sargassum siliquosum KK019 PSM8829 Pulau Gaya, Kota Kinabalu, Sabah Oct-2007, NWS 
   

 
Sargassum squarrosum Sargassum siliquosum KK034 PSM8942 Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS 

   15 Sargassum sp. 1  PSM2294 PSM2294 Gaya Island, Kota Kinabalu, Sabah Jan-1996, WCL - 
  

 
Sargassum sp. 1  Tka7  Tanjung Kaitan, Kota Kinabalu, Sabah Oct-2007, NWS + 

  
 

Sargassum sp. 1  Tka10  Tg. Kaitan, Kota Kinabalu, Sabah Oct-2007, NWS 
   

 
Sargassum sp. 1  Tka22  Tg. Kaitan, Kota Kinabalu, Sabah Oct-2007, NWS 

   
 

Sargassum sp. 1  Tka36  Tg. Kaitan, Kota Kinabalu, Sabah Oct-2007, NWS 
 

(+) 
 

 
Sargassum sp. 1  PS4  P. Sepangar, Kota Kinabalu, Sabah Oct-2007, NWS 

   16 Sargassum sp. 2 Sargassum cf. parvifolium PSM4872 PSM4872 Pulau Babi Besar, Johor Jun-1999, WCL 
   

 
Sargassum sp. 2 Sargassum cf. parvifolium J01 PSM7973 P. Sibu, Johor Apr-2007, NWS (+) 

  
 

Sargassum sp. 2 Sargassum cf. parvifolium J02 PSM7974 P. Sibu, Johor Apr-2007, NWS (+) 
  

 
Sargassum sp. 2 Sargassum cf. parvifolium J03 PSM7975 P. Sibu, Johor Apr-2007, NWS 

   17 Sargassum sp. 3 Sargassum densicystum PSM6025 PSM6025 Kalong bay, Terengganu May-2000, WCL 
   



 

 
Sargassum sp. 3 Sargassum densicystum DES058 PSM8279 Tg. Balau, Desaru, Johor Jul-2007, NWS + 

  
 

Sargassum sp. 3 Sargassum densicystum DES059 PSM8280 Tg. Balau, Desaru, Johor Jul-2007, NWS + 
  

 
Sargassum sp. 3 Sargassum densicystum DES079 PSM8282 Tg. Balau, Desaru, Johor Jul-2007, NWS + 

  
 

Sargassum sp. 3 Sargassum densicystum DES080 PSM8283 Tg. Balau, Desaru, Johor Jul-2007, NWS + 
  

 
Sargassum sp. 3 Sargassum densicystum KTTK9  Teluk Kalong, Terengganu Jun-2007, NWS + (+) 

 
 

Sargassum sp. 3 Sargassum densicystum KTTK10 PSM10379 Teluk Kalong, Terengganu Jun-2007, NWS + + 
 

 
Sargassum sp. 3 Sargassum densicystum KTTK11 PSM10380 Teluk Kalong, Terengganu Jun-2007, NWS + 

  18 Sargassum sp. 4  PSM4874 PSM4878 Pulau Babi Besar, Johor Jun-1999, WCL 
   

 
Sargassum sp. 4  BCT 4 PSM8103 Batu Chendering, Terengganu Jun-2007, NWS - 

  19 Sargassum sp. 5  PSM2441 PSM2441 Pulau Sibu Tengah, Johor Jun-1999, WCL + (+) 
 20 Sargassum sp. 6  PSM3969 PSM3969 Batu Manikar, Labuan  Jun-1998, WCL + (+) 
 21 Sargassum sp. 7 Sargassum longifructum DES062 PSM8281 Desaru, Johor Jul-2007, NWS + 

  
 

Sargassum sp. 7 Sargassum longifructum DES063A PSM8261 Desaru, Johor Jul-2007, NWS + 
  22 Sargassum sp. 8 Sargassum cf. parvifolium BCT5 PSM8104 Batu Chendering, Terengganu Jun-2007, NWS + 
  

 
Sargassum sp. 8 Sargassum cf. parvifolium BCT6 PSM8105 Batu Chendering, Terengganu Jun-2007, NWS + - 

 
 

Sargassum sp. 8 Sargassum cf. parvifolium BCT7 PSM8106 Batu Chendering, Terengganu Jun-2007, NWS + (+) 
 23 Sargassum sp. 9  PDi28  Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + 

  
 

Sargassum sp. 9  PDi30  Pulau Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS + 
  24 Sargassum sp. 10 Sargassum granuliferum S303 PSM9745 Semporna (St3), Sabah Jul-2008, NWS + + 

 
 

Sargassum sp. 10 Sargassum granuliferum S304 PSM9746 Semporna (St3), Sabah Jul-2008, NWS - + 
 

 
Sargassum sp. 10 Sargassum granuliferum S404 PSM9751 Semporna (St4), Sabah Jul-2008, NWS + 

  
 

Sargassum sp. 10 Sargassum granuliferum S406 PSM9753 Semporna (St4), Sabah Jul-2008, NWS + 
  25 Sargassum ?microcystum  TIO  Pulau Tioman, Pahang Sep-2007, WCL - 
  26 Turbinaria conoides (J. Agardh) Kützing  T01  Cape Rachado, PD, Negeri Sembilan Aug-2007, NWS - 
  27 Padina australisHauck  P01  Cape Rachado, PD, Negeri Sembilan Aug-2007, NWS - 
  28 Sargassum ?siliquosum  J07 PSM7979 Pulau Sibu, Johor Apr-2007, NWS (+) 
  

 
Sargassum ?siliquosum  J08 PSM7980 Pulau Sibu, Johor Apr-2007, NWS (+) 

  
 

Sargassum ?siliquosum  J09 PSM7981 Pulau Sibu, Johor Apr-2007, NWS (+) 
  29 Sargassum ?squarrosum  KK019 PSM8829 P. Gaya (St. 2), Kota Kinabalu, Sabah Oct-2007, NWS 

   
 

Sargassum ?squarrosum  KK034 PSM8942 P. Dinawan, Kota Kinabalu, Sabah Oct-2007, NWS 
   

 
Sargassum ?squarrosum  KK043 PSM8980 P. Udar Besar, Kota Kinabalu, Sabah Oct-2007, NWS 

     Total DNA extraction:  175    Total sequences: 147 84 50 
Abbreviations: +, sequences obtained and included in the phylogenetic tree; (+), sequences obtained but not included in the phylogenetic tree; -, sequences obtained and rejected due to sequence ambiguity;  
Blank indicates sequences data not available. 
 



 

Appendix 3 Sargassum species from Indonesia included in DNA analysis. 

 

  Preliminary Name Given Revised Name 
DNA 

Voucher 
Herbarium 

Voucher Collection Site Collection details ITS-2 cox3 rbcL 
1 Sargassum binderi 

 
LAM07 PSM11817 Nyalinu, Pulau Sebesi May-2010, NWS + + + 

 
Sargassum binderi 

 
LAM09 PSM11819 Nyalinu, Pulau Sebesi May-2010, NWS + + + 

 
Sargassum binderi 

 
LAM24 PSM11833 Nyalinu, Pulau Sebesi May-2010, NWS + + + 

 
Sargassum binderi 

 
LAM49 PSM11876 Sebuku Island, Cukubalak (St 3) May-2010, NWS + 

  

 
Sargassum binderi 

 
LAM50 PSM11877 Sebuku Island, Cukubalak (St 3) May-2010, NWS + 

 
+ 

 
Sargassum binderi 

 
LAM51 PSM11878 Sebuku Island, Cukubalak (St 3) May-2010, NWS + + + 

2 Sargassum polycystum 
 

LAM54 PSM11881 Sebuku Island, Cukubalak (St 3) May-2010, NWS + + + 

 
Sargassum polycystum 

 
LAM55 PSM11882 Sebuku Island, Cukubalak (St 3) May-2010, NWS + + 

 

 
Sargassum polycystum 

 
LAM58 PSM11885 Sebuku Island, Cukubalak (St 3) May-2010, NWS + + 

 

 
Sargassum polycystum 

 
LAM59 PSM11886 Sebuku Island, Cukubalak (St 3) May-2010, NWS + + + 

 
Sargassum polycystum 

 
LAM64 PSM11903 Biru Laut, Teluk Lampung May-2010, NWS + + 

 
 

Sargassum polycystum 
 

LAM65 PSM11904 Biru Laut, Teluk Lampung May-2010, NWS + 
 

+ 
3 Sargassum oligocystum Sargassum binderi LAM68 PSM11907 Biru Laut, Teluk Lampung May-2010, NWS + + + 

 
Sargassum oligocystum Sargassum binderi LAM69 PSM11908 Biru Laut, Teluk Lampung May-2010, NWS + + + 

4 Sargassum polycystum 
 

D06 
 

Gili Batu, Lombok, Indonesia May-2007, YHY + + + 
5 Sargassum ilicifolium var. conduplicatum Sargassum ilicifolium D07 

 
Gili Batu, Lombok, Indonesia May-2007, YHY + + + 

6 Sargassum binderi 
 

D09 
 

Bali, Indonesia May-2010, UEH + 
  7 Sargassum crassifolium Sargassum ilicifolium D10 

 
Bali, Indonesia May-2010, UEH + + + 

8 Sargassum crassifolium Sargassum ilicifolium D11 
 

Bali, Indonesia May-2010, UEH + 
  9 Sargassum polycystum   D12   Bali, Indonesia May-2010, UEH + + + 

  Total DNA extraction:   20     Total sequences: 20 15 14 
Abbreviations: +, sequences obtained and included in the phylogenetic tree; Blank indicates sequences data not available. 
 

 



 

 

Appendix 4 List of Sargassum type specimens examined and included in this study. 

 

  Taxon Original diagnosis Type locality Herbarium accession Diagnosis 
1 S. abbottiae Trono Trono 1992; 1994 Pulong Bakaw, Calatagan, Batangas, Philippines Holotype: T14853 literature 
 S. aquifolium (Turner) C. Agardh C. Agardh, 1820 Sunda Straits, Indonesia Syntypw: BM563434 scans 
2 S. baccularia (Mertens) J. Agardh C. Agardh, 1824 Not specified (“Ad Novam Hollandiam” fide C. Agardh, 1824:304); 

Singapore (Tseng & Lu 1992) 
n/a n/a 

3 S. balingasayense Trono Trono 1992; 1994 Barnio Balingasay, Bolinao, Pangasinan, Philippines Holotype: T18502 literature 
4 S. binderi Sonder ex J. Agardh J. Agardh, 1848 Syntype: Sunda Strait and Java, Indonesia; China Sea. (Silva et al. 

1996) 
Syntype: TCD1110-1113a scans 

5 S. granuliferum C. Agardh C. Agardh, 1820 Indian Ocean (Silva et al. 1996) Holotype: LD3156 n/a 
6 S. ilicifolium (Turner) J. Agardh C. Agardh, 1824 Strait of Sunda Holotype: BM562953 scans 
7 S. ilicifolium (Turner) J. Agardh var conduplicatum 

Grunow 
Grunow (1915: 406) Near Colombo, Sri Lanka (Silva et al. 1996) Lectotype: n/a n/a 

8 S. laxifolium Tseng et Lu Tseng and Lu, 1988 Hong Kong, China AST2782 (F) photo 
9 S. myriocystum J. Agardh J. Agardh, 1848 China, Indonesia and India (Silva et al. 1996) Syntype: LD2667-2670; 

2660,2663 (Australia) 
n/a 

    China specimen: 76-118 photo 
10 S. oligocystum Montagne Montagne, 1845 Lampung Bay, Sumatra, Indonesia (Silva et al. 1996) Holotype: PC0146132 loan 
11 S. polycystum C. Agardh C. Agardh, 1824 Sunda Strait, Indonesia (Silva et al. 1996) Syntype: TCD1108-1109 scans 
12 S. siliquosum J. Agardh J. Agardh, 1848 Jakarta, Java, Indonesia; Singapore Lectotype: LD3260 n/a 
    Singapore specimen: photo 
13 S. squarrosum Greville Greville, 1849 India (Silva et al. 1996) n/a n/a 
14 S. stolonifolium Phang et Yoshida Phang & Yoshida 

1997 
Batu Ferringhi, Malaysia Holotype: SAP 062135 scans 

 

 



 

Appendix 5 Sargassum taxa obtained from other localities included in the phylogenetic analysis, with publication details and GenBank accessions. 

 

Taxon Revised status Collection Site Publication details ITS-2 cox3 rbcL 
Subgenus Sargassum 

      S. agardhianum Farlow 
 

Hawaii Phillips et al. 2005 - - AY256964 
S. aquifolium(Turner) C. Agardh 

 
New Caledonia Mattio et al. 2009a FJ170433 - - 

S. aquifolium(Turner) C. Agardh 
 

Vanuatu, Santo Mattio et al. 2008 EU833456 EU833476 EU833412 
S. aquifolium(Turner) C. Agardh 

 
Vanuatu, Santo Mattio et al. 2008 EU833455 EU833477 EU833413 

S. binderi Sonder ex J. Agardh S. aquifolium(Turner) C. Agardh by Mattio et al. 2009a PD, Malaysia Stiger et al. 2003 AB043116 - - 
S. carpophyllum J. Agardh 

 
New Caledonia Mattio et al. 2008 EU100797 EU833415 EU100804 

S. carpophyllum J. Agardh 
 

New Caledonia Mattio et al. 2008 EU100799 EU833416 EU100806 
S. carpophyllum J. Agardh 

 
Japan Stiger et al. 2000 AB043067 - - 

S. crassifoliumJ. Agardh S. aquifolium(Turner) C. Agardh by Mattio et al. 2009a Malaysia Stiger et al. 2003 AB043117 - - 
S. duplicatumBory de Saint-Vincent S. ilicifolium (Turner) C. Agardh by Mattio et al. 2009a Japan Stiger et al. 2003 AB043614 - - 
S. ilicifolium (Turner) C. Agardh 

 
Fiji Mattio et al. 2008 EU833437 EU833403 EU833469 

S. ilicifolium (Turner) C. Agardh 
 

New Caledonia Mattio et al. 2008 EU833435 EU833391 EU833460 
S. ilicifolium (Turner) C. Agardh 

 
New Caledonia Mattio et al. 2009a FJ170443 FJ170416 FJ170387 

S. echinocarpum Greville S. aquifolium(Turner) C. Agardh by Mattio et al. 2009a Hawaii Mattio et al. 2008 EU100796 EU100835 EU100821 
S. echinocarpum Greville S. aquifolium(Turner) C. Agardh by Mattio et al. 2009a French Polynesia Mattio et al. 2008 EU100795 EU100833 EU100809 
S. howeanum A. H. S. Lucas 

 
New Caledonia Mattio et al. 2009a FJ170439 FJ170412 FJ170385 

S. howeanum A. H. S. Lucas 
 

New Caledonia Mattio et al. 2009a FJ170438 FJ170411 FJ100384 
S. lapazeanumaSetchell & N. L. Gardner 

 
Hawaii Phillips et al. 2005 - - AY256965 

S. obtusifolium J. Agardh 
 

Hawaii Mattio et al. 2008 EU100794 EU100834 EU100820 
S. obtusifolium J. Agardh 

 
French Polynesia Mattio et al. 2008 EU100786 EU100831 EU100815 

S. pacificum Bory de Saint-Vincent 
 

Society Mattio et al. 2008 EU100784 - - 
S. pacificum Bory de Saint-Vincent 

 
French Polynesia Mattio et al. 2008 EU100783 EU100812 EU100824 

S. polycystum C. Agardh 
 

Fiji Mattio et al. 2008 EU833422 EU833405 EU833471 
S. polycystum C. Agardh 

 
Solomon  Mattio et al. 2008 EU833423 EU833399 - 

S. polycystum C. Agardh 
 

Vanuatu, Santo Mattio et al. 2008 EU833419 EU833387 EU833474 
S. polyphyllum J. Agardh 

 
New Caledonia Mattio et al. 2008 EU833424 EU833385 EU833458 

S. polyphyllum J. Agardh 
 

Fiji Mattio et al. 2008 EU833426 EU833401 - 
S. spinuligerum Sonder 

 
New Caledonia Mattio et al. 2009a FJ170460 FJ170425 FJ170397 

S. spinuligerum Sonder 
 

New Caledonia Mattio et al. 2009a FJ170462 FJ170428 FJ170401 
S. stolonifolium Phang et Yoshida S. plagiophyllum Montagne by Mattio et al.2009a Malaysia Stiger et al. 2003 AB043613 - - 



 

       Subgenus Arthrophycus & Bactrophycus 
     S. confusum C. Agardh (published only in database) Japan Stiger and Horiguchi 2000 AB043775 - - 

S. fallax Sonder 
 

Australia Phillips and Fredericq 2000 - - AF244333 
S. filicinum Harvey 

 
Japan Stiger et al. 2000 AB043108 - - 

S. filicinum Harvey 
 

USA Miller et al. 2007 - AB264797 - 
S. horneri (Turner) C. Agardh 

 
Japan Uwai et al. 2008 - AB430550 - 

S. horneri (Turner) C. Agardh 
 

Japan Uwai et al. 2008 - AB430551 - 
S. muticum (Yendo) Fensh. 

 
Japan Uwai et al. 2008 - AB430582 - 

S. muticum (Yendo) Fensh. 
 

USA Phillips and Fredericq 2000 AF292068 - - 
S. ringoldianum J. Agardh 

 
Japan Stiger et al. 2003 AB043565 - - 

S. siliquastrum (Turner) C. Agardh 
 

Japan Stiger et al. 2000 AB043106 - - 
S. sinclairii Hook et Harv. 

 
New Zealand Mattio et al. 2009a FJ170458 - FJ170396 

S. sinclairii Hook et Harv. 
 

New Zealand Mattio et al. 2009a FJ170459 - FJ170395 
S. thunbergii (Mert. Ex Roth) Kuntze (published only in database) Japan Stiger and Horiguchi 2000 AB043777 - - 
S. thunbergii (Mert. Ex Roth) Kuntze 

 
Japan Stiger et al. 2003 AB043573 - - 

       Subgenus Phyllotrichia 
      S. decurrems (R. Brown ex Turn.) C. Ag. 
 

New Caledonia Mattio et al. 2008 EU100773 - - 
S. decurrems (R. Brown ex Turn.) C. Ag. 

 
New Caledonia Mattio et al. 2008 - EU100822 EU100803 

       Outgroup: Family Sargassaceae 
      Turbinaria ornata (Turner) J. Agardh 
 

French Polynesia Mattio et al. 2008 EU100772 EU833384 EU100802 
Turbinaria ornata (Turner) J. Agardh 

 
French Polynesia Mattio et al. 2008 EU100771 - - 

 

 
 
 
 
 
 
 
 
 



 

Appendix 6 Comparison of important diagnostic characteristics in Sargassum binderi and Sargassum oligocystum with literature 
 

(a) Sargassum binderi 
 

Characteristics Sonder 1848 Misra 1966 Chou & Chiang 1981 Trono 1989 Tseng & Lu 2000 Present study 

Thallus length - - 30 cm - 40 cm 42 cm 

Holdfast - Discoid discoid lack holdfast discoid discoid 

Stem - Flattened cylindrical terete short, terete, 5-6 mm long, 2-
3 mm in diam. 

terete, smooth to warty, up to 
1cm 

Primary branches flattened flattened, 2-3 mm broad flattened, 3 mm broad Compressed, smooth &  
terete toward distal, up to 3 
mm broad 

Flattened & smooth, 30-40 
cm long and 4-5 mm long 

flattened, compressed & 
smooth 

Secondary branches distichously arranged distichously arranged alternately arranged, filiform 
& slightly flattened 

irregularly arranged, about 
2-5 cm interval, terete & 
smooth 

distichously & alternately 
arranged, flattened, 
compressed & shorter (4-5 
cm long & 2.5-3 mm broad) 

Distichously & alternately 
arranged,  flattened  

Leaves from primary branches lanceolate, serrated or entire, 
cryptostomata arranged in 2 
rows along midrib, midrib 
distinct 

lanceolate, linear, linear-
lanceolate, oblong, 
cryptostomata arranged in 
2 rows along the midrib, 
midrib prominent, leaves 
margin sharply serrate (4-6 
cm long & 8-10 mm broad) 

lanceolate & serrate, base 
cuneate to the petiole, 
crytostomata arranged in 2 
rows along the midrib, 
midrib distinct & vanish near 
apices, acute/bunt apices (2-7 
cm long & 3-7 mm broad) 

leaves deciduously 
arranged, cryptostomata 
few, distinct, slightly & 
elevated, leaves margin 
entire/entire only at basal 
half to slightly serrate 
toward the acuminate tip 

Lanceolate, cryptostomata 
arranged in 2 rows along the 
midrib, leaves margin serrate 
& base cuneate, acute apices 
(4-5 cm long & 8-10 mm 
broad) 

linear-lanceolate, asymmetrical 
to cuneate base, cryptostomata 
arranged in 2 rows along the 
midrib, sometimes scattered, 
midrib distinct & vanish near 
apex, leaves margin entire to 
dentate, acute apices (up to 6 
cm long & 8-11 mm broad) 

Leaves from secondary 
branches 

- broad to filiform, margin 
entire/serrate/dentate, 
midrib prominent (2-4 cm 
long & 4-6 mm broad) 

 uniformly linear to linear-
lanceolate, acute apices, 
short stalk, no midrib for 
leaves on tertiary branches 
(50 mm long & 3 mm 
broad) 

narrower, leaves serrate, 
midrib obvious, vanish near 
tip (3-5 cm long & 3-5 mm 
broad) 

lanceolate, much narrower (up 
to 3.4 cm long & 3.5-6 mm 
broad) 



 

Vesicles ellipsoidal & apiculate, flat 
pedicel with  long leafy-stalk 

spherical/ellipsoidal, 
pointed apex, borne on 
flattened stalk, pedicel 
flattened, cryptostomata 
richly present 

elliptical, slightly flattened tip rounded, apiculate with 
sharp spine/ with filiform 
coronal leaf, oblong-
elliptical, slightly 
compressed, pedicel terete 
to compressed, 3x longer 
than vesicle, cryptostomata 
few, rare & slightly 
elevated (4 mm long & 3.2 
mm wide) 

Leafy pedicel with 
cryptostomata, 
dichotomously branched (3-4 
mm long & 1.5-2 mm wide) 

apiculate/ with coronal leaf 
continuous to wings, elliptical, 
pedicel long flattened & leafy 
with serrate margin, usually 
longer than vesicles, 
cryptostomata few (up to 8 mm 
long & 6 mm wide) 

Receptacles flat with warty & dentate 
margin, cymosely arise from 
the axis 

flat with warty dentate 
margin, aggregated, dense 
cymes 

dichotomously branched, 
cluster, 3-5 clusters 
racemosely arranged (4-8 
mm long) 

- compressed with spines on 
top & side (4-5 mm long & 
1-2 mm wide) 

monoecious, androgynous, 
glomerulate, compressed, 
twisted and dentate at the 
margin, racemosly arranged (up 
to 7 mm long & 1 mm wide) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

(b) Sargassum oligocystum 
 

Characteristics Montagne, 1845 Womersley & Bailey, 
1970 

Ang & Trono, 1987 Trono, 1989 Modelo & Umezaki, 
1995 

Tseng & Lu, 2000 Present study 

Thallus length mostly drift Drift 28 cm - diecious, 45 cm 40 cm 46 cm 

Holdfast discoid - scutate to discoid Small, discoid discoid discoid discoid 

Stem short (< 1 cm) - - Short (5 mm – 30 mm) 
cylindrical to slightly 
compressed 

terete (up to 10 mm long, 
2 cm wide) 

Short, terete terete (up to 13 mm 
long) 

Primary branches distinctly flattened (10 cm 
long & 2-3 mm broad) 

- strongly compressed strongly flattened (80 cm 
long & 3-4 mm broad) 

spirally arranged, 
flattened to compressed 

Flattened & smooth 
(5-6 mm long & 2-3 
mm broad) 

smooth, flattened, 
compressed 

Secondary branches distichously arranged - - distichously, alternately 
(18 cm long) 

flattened to compressed Flattened, compressed, 
smooth, shorter (4-5 
cm long & 2.5-3 mm 
broad) 

Flattened, distichously, 
alternately arranged 

Leaves from primary branches crowded, dark brown, 
leaves distinctly dentate 

- lanceolate ro narrowly 
ovate 

linear-lanceolate, base 
acute to cuneate 

simple, lanceolate, thin 
in texture, shortly 
stipitate 

lanceolate, base 
cuneate 

oblong to lanceolate 

     Arrangement - - -  phyllotaxis 1/2 in 
alternate order 

- - 

     Midrib distinct to apex - -  Vanishing Obvious to tip distinct, vanish near 
apices 

     cryptostomata scattered, slightly to 
moderately prominent 

- Irregularly disposed Slightly elevated, 
scattered 

arranged parallel to 
midrib, sometimes 
scattered 

Arranged along 2 sides 
of midrib 

Scattered 

     Margin - - Slightly undulate, 
strongly but irregularly 
serrate 

Irregularly serrate-
dentate 

Serrate Serrate dentate 

     Apices - -  Obtuse to acute Acute Acute Obtuse 

     Length 3-6 cm - 7.2 cm 7 cm 10 cm 4-5 cm 5 cm 

     Width ¾ -1 ¼ cm - 1.6 cm 1.2 cm 2 cm 8-10 mm 1.4 cm 

Leaves from secondary 
branches 

 - lanceolate to narrowly 
ovate, margin serrate 
to dentate (5 cm long 
& 11 mm wide) 

linear-lanceolate margin entire/lanceolate narrower, margin 
serrate, midrib 
obvious, vanish near 
tip (3-5 cm long & 3-5 
mm wide) 

leaves much lanceolate 
(up to 3 cm long & 4-8 
mm wide) 



 

Vesicles Not present spherical with 
leafy/terete pedicel 

spherical & oblong, 
muticous or 
mucronate, sparse 
cryptostomata present 

2.5-7.5 mm long & 1-5 
mm wide 

spherical to ellipsoidal, 
secondary & tertiary 
apiculate or crowned, 
solitary, shortly stipitate, 
cryptostomata few & 
scattered, pedicel with 
flat midrib with 4-7 mm 
long 

obovate to ovate, 
rounded/ acute tip, 
leafy pedicel, 
cryptostomata present 
(3-4 mm long & 1.5-2 
mm wide) 

mucronate/rounded, 
terete pedicel, few 
cryptostomata present 
(up to 6 mm long & 5 
mm wide) 

Receptacles compressed, irregular & 
rather coarsely dentate, 
clustered up to 7 mm long, 
(2-3 mm long & 1-1.5 mm 
wide) 

flattenned, terete Subcymose, subtended 
by vesicle or bractlet 

With short cylindrical 
stalks, mainly plain, 
sometimes with teeth/ 
spine, male 
dichotomously 
arrangement (1 mm 
long) 

female: compressed, 
smooth at base & 
dentate, shortly stipitate; 
male not found, female 
cymosely arranged (5-10 
mm long & 2-6 mm 
wide) 

Compressed, with 
spines on top & side, 
few arrange together 
to form a crown 
structure (4-5 mm long 
& 1-2 mm wide) 

monoecious, 
androgynous, 
glomerulate, 
compressed, twisted & 
dentate at margin, 
racemosely arranged (up 
to 3 mm long & 1mm 
wide) 
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Appendix 7 14 taxa from Malaysia are included in ITS2 analysis (as shown in 
Neighbour-joining phylotree, with bootstrap 1000). 
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Appendix 8  13 taxa from Malaysia are included in cox3 analysis (as shown in 
Neighbour-joining phylotree, with bootstrap 1000). Specimens from Bali 
and Lombok (Indonesia) were included in this analysis. 
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Appendix 9 Nine taxa from Malaysia are included in partial Rubisco operon analysis 
(as shown in Neighbour-joining phylotree, with bootstrap 1000). 
Specimens from Bali and Lombok (Indonesia) were included in this 
analysis. 
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Appendix 10 Catalogue of Sargassum recorded from Malaysia (1819-1997) 

 

Sargassum baccularia (Mertens) C. Agardh 

Fucus baccularia Mertens, 1819: 177 [type locality: not specified “AdNovam 

Hollandiam” fide C. Agardh, 1824: 304] 

S. baccularia (Mertens) C. Agardh, 1824: 304 ~ Ho et al. 1995b: 274 

 

Sargassum belangerii Bory de Saint-Vincent 

S. belangerii Bory de Saint-Vincent, 1834: 162 [syntype localities: Sunda Strait and 

Java, Indonesia; Philippines] ~ Grunow 1915: 442 

 

Sargassum binderi Sonder ex J. Agardh 

S. binderi Sonder ex J. Agardh, 1848:328 [syntype localities: Sunda Strait and Java, 

Indonesia; China Sea] ~ Phang 1984: 6; 1986: 41; 1989: 86; Phang & Wee 1991: 61; 

Ajisaka et al. 1999: 28 

 

Sargassum cinereum J. Agardh 

S. cinereum L. Agardh, 1848: 305 [type locality: Hong Kong] ~ Kiew 1978: 111; Phang 

1984: 6; Phang & Wee 1991: 61; Ajisaka et al. 1999: 29 

 

Sargassum cristaefolium C. Agardh 

S. cristaefolium C. Agardh, 1820: 13 [type locality: not specified “Ad Ceylonam” fide C. 

Agardh, 1824: 297] ~ Ismail & Gao 1992: 272; Ismail 1995: 160; Phang 1984: 6 

 

Sargassum cystocarpum C. Agardh forma sarawakiana Grunow 

S. cystocarpum f. sarawakiana Grunow, 1916: 3 [type locality: Sarawak, Malaysia] 

 

Sargassum duplicatum Bory de Saint-Vincent 

S. duplicatum Bory de Saint-Vincent, 1828: 127 [type locality: Tahiti?] ~ Kiew 1978: 

111; Phang 1984: 6; Phang & Wee 1991: 61 
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Sargassum filipendula C. Agardh 

S. filipendula C. Agardh, 1824: 300 [type locality: in sinu mexicano?] ~ Kiew 1978: 

111; Phang 1984: 6; Phang & Wee 1991: 61 

 

Sargassum fluitans (Børgesen) Børgesen 

S. fluitans (Børgesen) Børgesen, 1914: 66 [type locality: ?] ~ Ismail & Gao 1992: 270 

 

Sargassum glaucescens J. Agardh 

S. glaucescens J. Agardh, 1848: 306 [type locality: Macau] ~ Ho et al. 1995b: 274 

 

Sargassum glaucescens forma latiuscula Grunow 

S. glaucescens f. latiuscula Grunow, 1915: 380 [syntype localiy: “ad litus orientale 

peninsulae Malacca”, Japoniae] 

 

Sargassum granuliferum C. Agardh 

S. granuliferum C. Agardh, 1820: 31 [type locality: “in mari Indico?”] ~ Phang 1984: 6; 

Phang & wee 1991: 61 

 

Sargassum grevillei J. Agardh 

S. grevillei J. Agardh, 1848: 336 [syntype localities: India, Natunas Is., Indonesia (Java, 

Sumatra, Borneo)] ~ Sivalingam 1980: 107; Crane 1981: 166; Phang 1984: 6 

 

Sargassum hornschuchii C. Agardh 

S. hornschuchii C. Agardh, 1824: 308 [type locality:”in mari Adriatico”] ~ Phang & 

Wee 1991: 61 

 

Sargassum ilicifolium (Turner) C. Agardh 

Fucus ilicifolius Turner, 1807-1808: 113-114 [type locality: Sunda Strait, Indonesia] 
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S. ilicifolium (Turner) C. Agardh, 1820: 11 ~ Phang 1984: 6; 1986: 42; 1989: 86; Phang 

& Wee 1991: 61; Ismail & Gao 1992: 270; Ismail 1995: 162 

Carpocanthus ilicifolius (Turner) Kützing, 1849: 625 [“ilicifolius”] 

 

Sargassum ilicifolium (Turner) C. Agardh var. roederi Grunow 

S. ilicifolium var. roederi Grunow, 1915: 403 [syntype localities: east coast of Malay 

Peninsula; “in freto Baliensi”] 

 

Sargassum myriocystum J. Agardh 

S. myriocystum J. Agardh 1848: 314 [syntype localities: “in mari Chinensi”; Jakarta, 

Java, Indonesia; “Ad oras Hindostaniae” (India)] ~ Grunow 1915: 440 ~ Phang & Wee 

1991: 61; Ajisaka et al.1999: 34  

 

Sargassum oligocystoides Grunow 

S. oligocystoides Grunow, 1916: 33 [syntype localities: east coast of Malay Peninsula; 

“Ad insulam Banka, Muntjok”] 

 

Sargassum oligocystum Montagne 

S. oligocystum Montagne, 1845: 67-69 [type locality: Lampung Bay, Sumatra, 

Indonesia] ~ Phang 1989: 86; Ho et al. 1995b: 274; Ajisaka et al. 1999: 24 

 

Sargassum plagiophyllum C. Agardh 

S. plagiophyllum C. Agardh, 1824: 304 [type locality:”in mari Indico”] ~ J. Agardh 

1848: 309; Weber van Bosse 1913: 166 

 

Sargassum polycystum C. Agardh 

S. polycystum C. Agardh, 1824: 304 [type locality: Sunda Strait, Indonesia] ~ Phang 

1984: 6, Phang & Wee 1991: 61, Ismail 1995: 164; Ho et al. 1995a: 34; Ho et al. 1995b: 

274; Ajisaka et al. 1999: 36 
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Sargassum pseudocystocarpum Grunow in Piccone 

S. pseudocystocarpum Grunow in Piccone, 1886: 44 [type locality: Singapore] ~ 

Grunow 1916: 17 

 

Sargassum sandei Reinbold in Weber van Bosse 

S. sandei Reinbold in Weber van Bosse, 1913: 158-160 [type locality: south coast of 

Glores, Indonesia] ~ Silvalingam, 1980; Phang 1984: 6; Phang & Wee 1991: 61 

 

Sargassum siliquosum J. Agardh 

S. siliquosum J. Agardh, 1848: 316 [syntype localities: Jakarta, Java, Indonesia; 

Singapore] ~ Grunow 1915: 173; Phang 1984: 6; Phang & Wee 1991: 61; Ho et al. 

1995a: 34; Ho et al. 1995b: 274; Phang et al. 1995: 56; Ajisaka et al. 1999: 37 

 

Sargassum spathulaefolium J. Agardh 

S. spathulaefolium J. Agardh, 1848: 330 [syntype localities: “in mari Indico; ad 

Ceylonam et Javam; ad oras Hindostaniae”] ~ Ismail 1995: 165 

 

Sargassum stolonifolium Phang et Yoshida 

S. stolonifolium Phang et Yoshida, 1997: 63 [type locality: Batu Ferringhi Beach, 

Penang Is., Malaysia ~ Ajisaka et al. 1997: 37 

 

Sargassum tenerrimum J. Agardh 

S. tenerrimum J. Agardh, 1848: 305-306 [type locality: Bombay, India] ~ Kiew 1978: 

111; Phang 1984: 6; Phang & Wee 1991: 61 

 

?Sargassum torvum J. Agardh 

S. torvum J. Agardh, 1889: 107 [type locality: “Ad oras calidiores Novae Hollandiae”] ~ 

Ismail & Gao 1992: 270 
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Sargassum virgatum Mertens 

Fucus virgatus Mertens, 1819: 177, nom. Illeg. [type locality: not specified “in mari 

Indico” fide C. Agardh] 

S. virgatum C. Agardh, 1820: 10 ~ Phang 1984: 6; 1986: 42; Phang & Wee 1991: 61 

 

Sargassum vulgare C. Agardh 

S. vulgare C. Agardh 1820: 3-4. Nom. Illeg. ~ Phang & Wee 1991: 61 

 

Sargassum wightii Greville 

S. wightii Greville, 1849: 217 [type locality: “Ad oras Hindostaniae”] ~ Phang 1984: 6; 

Phang & Wee 1991: 61 

 

 

Note:  Thirteen new records have been reported by Wong et al. (2008) for Malaysian 

Sargassum (refer to publications attached). After considering the synonyms and results 

from DNA analyses, the checklist of Malaysian Sargassum has greatly reduced to 34 

taxa (Table 3.2). Of which KLU itself housed only 22 taxa including the 14 taxa re-

collected (for DNA analyses purposes) in this study. 
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