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1. Research Background 

The scaly tree ferns (Cyatheaceae) comprise c. 600 species worldwide (Conant et al. 1995, 

Smith et al. 2006) and occur mainly in the wet tropics and southern temperate regions 

(Lehnert et al. 2013). The Malesian archipelago is considered the main centre of diversity of 

scaly tree ferns in the Asian region (Tryon & Gastony 1975), with many of the 250 species 

being single island endemics (Holttum 1963, 1964). The majority of species are found in 

mountain ecosystems at high elevations with high relative humidity (Coritico 2014).  

 

Members of this family are characterized by an erect aerial shoot (“trunk”), a scaly petiole 

base and sori in a dorsal position on the veins with a usually raised receptacle (Kramer 1990). 

The complex taxonomy of the tree ferns, fragmentary collections, inadequate descriptions, 

and special descriptive vocabulary all contribute to the poor taxonomic knowledge of this 

group (Lehnert et al. 2013). As a result, many specimen identifications in herbaria are 

doubtful or erroneous, specifically in Malaysian Borneo, Sabah and Sarawak. The latest 

classification proposal (PPG 1 2016) favours the recognition of three morphologically 

definable, monophyletic genera (Alsophila, Cyathea, and Sphaeropteris). In Malaysian 

Borneo, a total of 32 species of scaly tree ferns are currently accepted (Holttum 1963, Said 

2005, Latiff 2015).  

 

A taxonomic revision on Cyatheaceae, the scaly tree ferns, have never been conducted in 

Bornean region, and Malaysia as a country. The molecular study and phylogenetic 

relationships are also currently unexplored for Malaysian Borneo. According to Tryon & 

Gastony (1975), Cyatheaceae family show a high degree of endemism. In Malaysian Borneo, 

Sabah and Sarawak, we expected more than 10 species are believed endemic to the region. A 

treatment to this family should be conducted, and probability to describe a new species is 

highly potential.  

 

Hence, this study is very important to increase the biodiversity data of our country as 

Malaysia is listed as one of the 12 mega-diversity countries in the world. This study also will 

contribute to the progress and advancement of “Science and Technology” in Malaysia. 

 

2. Objectives 

1. To assess the species and distribution patterns of Cyatheaceae in Malaysian Borneo. 

2. To determine the morphological variations (traits) within Cyatheaceae. 

3. To infer the phylogenetic relationships of the Cyatheaceae allies in Malaysian Borneo. 

4. To determine the ancestral origin of Cyatheaceae of old world using biogeographic 

analysis. 

 

3. Research Methodology 

3.1 Names, type specimens, and protologue databasing 

In this study, by using existing herbarium (SAN, BORH, KNP and SAR) specimens, and 

online resources, we will first collect the type specimens and protologue of all the published 
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names for Cyatheaceae occurred in Malaysian Borneo. Information from the type specimens 

will then be compared and integrated with other specimens to confirm the distinctness of each 

names. The information from the examined specimens will also be data based to define the 

distribution and morphological variation of each species. The more understanding of the 

distribution and morphological variation of each species, the more accurate species number 

can be estimated and the sampling for further morphological and molecular studies can be 

conducted. 

 

3.2 Living materials collection 

Specimens from the herbarium can provide the information of morphological variation and 

distribution of the species, and the living materials can further provide the information of 

cytology. Fresh materials will be collected from Sabah and Sarawak.  

 

3.3 Morphological characteristics 

Except for the general morphological characteristics, micro-characters including sorus 

paraphyses, rhizome scales, spores morphology, and epidermis spicule cells will be observe 

under the light microscope and stereo microscope. 

 

3.4 Molecular phylogeny 

In ferns, the chloroplast have been documented to be maternal heritage in sever lineage 

(Gastony and Yatskievich 1992; Vogel et al. 1998; Adjie et al. 2007) thus can only 

reconstruct a part of the evolutionary history. More and more phylogenetic studies 

incorporate nucleus markers in the analysis and provides new insights into the complex 

evolutionary history (Ebihara et al. 2005; Nitta et al. 2011; Lee and Park 2013; Chen et al. 

2014). In this study, by comparing to published data from Genbank, we will firstly establish 

the suitable nucleus markers for Cyatheaceae ferns of Malaysian Borneo, and then apply to 

species complex.  

 

DNA samples will be used in phylogenetic analysis. Both nuclear and chloroplast genetic 

data will be generated through cyclic amplification of amplicons and sequencing. Data will 

be analyzed using different phylogenetic algorithms such as Maximum Parsimony, Maximum 

Likelihood and Bayesian analyses to assess relationships and define generic boundaries. 

 

3.5 Biogeographic analysis 

The geographic distribution for each species will be recorded from either herbarium 

specimen, collection data, or literatures. The software Lagrange (Ree and Smith 2008) and S-

DIVA (Yu et al. 2010) will be used to reconstruct the ancestral distribution following Labiak 

et al. (2014). The data on species occurrences will be digitised and mapped by using 

geographic information systems (GIS).  

 

4. Equipment Required 

*PCR machine for DNA analysis.            *Gel electrophoresis. 

*Primers (rbcL and ITS).                          *Microliter Pipettes. 

*Sequencing (Outsource: Apical/IPB). 

 

5. Prospective budget 

60,000.00 (MYR) 

 

6. Expected Results/Benefits 

▪ Knowledge:  
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The description (morphological and molecular) of novel lineages, from understudied 

geographic areas will contribute to cover some of the gaps present in botanical diversity 

knowledge.  

 

▪ Publications: 

1. The systematic revision of Cyatheaceae in Malaysian Borneo 

2. The phylogenetic relationships of the Cyatheaceae allies in Malaysian Borneo 

3. The evolution of Cyatheaceae in Malaysian Borneo  

 

▪ Potential applications:  

The sequences generated will be deposited in GenBank both publicly accessible databases 

of DNA sequences from Borneo.  

 

▪ Impact on society:  

1. Molecular and morphological data will provide resources for identification to 

botanists and other disciplines 

2. Better data management and data sharing through modern and updated technologies  
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