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The arguments and unclear status upon Blechnaceae taxonomic classification
which considered as monophyletic by several authors but showing different
results to others has growing interest to study this family. Blechnaceae from
Peninsular Malaysia which represented by four genera; Blechnum, Woodwardia,
Brainea and Stenochlaena were studied. These ferns were distributed and
collected from three different states namely Pahang, Johor and Selangor. The
taxonomic placement of this ferns at ordinal and familial was categorized
differently among previous taxonomist. This may confound present access and
brought difficulty to identify the plants. Furthermore, molecular data
previously has also resulted with two-differently species relation among
Blechnaceae; (1) monophyletic, and (2) not monophyletic. These findings have
brought intense interest to study ferns of Blechnaceae with objectives to
document the macro morphological characters including rhizome, frond
architecture, venation and scales. Each character was observed and identified
upon similarities and differences with aid of magnification. The sectioned of
stipe and rachis from fresh specimens were done to study vascular bundle
arrangement. Meanwhile, to classify this family using molecular approaches,
chloroplast coding and non-coding regions of rbcL, atpB and trnH-psbA were
amplified using Polymerase Chain Reaction (PCR) and the sequences were
analyzed to indicate species relatedness. All data were compiled using NCSS?
Statistical Software and Graphic Analysis and further analyzed using the
Unweighted-Pair Group method. The results of the study showed Blechnaceae



is not monophyletic. Blechnum was found to be clustered into two clades, while
Brainea and Woodwardia were treated as the ancestors to the family. Stenochlaena
was found closely related to B. indicum, whereas a new species of Blechnum sp.
was relatively close and much resembled B. orientale. The result obtained from
clustering analysis was supported by the Maximum Parsimony analysis using
the nucleotide sequences from rbcL, atpB and trnH-psbA. RbcL and trnH-psbA
were found as two reliable markers in this study due to its parallel hypothesis in
inferring the species relatedness. However, atpB sequences were too short and
could be unreliable to resolve the species relationship. The classification by
clustering analyses using macro and micro morphological characters were
unparallel with the molecular finding. All species were found as not
monophyletic and but able to be distinguished separately. Each species had
their own characters but some of them shared with overly similarly characters.
However, the data from this study could be use for future references when
conducting research of ferns from Peninsular Malaysia.
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Perbezaan pendapat dan status yang tidak jelas terhadap pengkelasan
taksonomi famili Blechnaceae yang dikatakan sebagai monofiletik oleh
sesetengah pengkaji tetapi bukan bagi sebahagian pengkaji yang lain
mengukuhkan lagi tujuan kajian ini dilakukan. Paku pakis Blechnaceae dari
Semenanjung Malaysia yang diwakili oleh empat genera; Blechnum, Woodwardia,
Brainea dan Stenochlaena telah dikaji. Paku pakis tersebut boleh didapati dari
tiga negeri yang berbeza iaitu Pahang, Johor dan Selangor. Kedudukan
taksonomi paku pakis ini dikategorikan secara tidak selari pada peringkat order
dan famili oleh pengkaji-pengkaji terdahulu. Hal ini menyebabkan kesulitan
untuk mengakses dan mengenalpasti tumbuhan ini. Tambahan pula, data dari
aspek molekular juga telah menunjukkan spesies dari famili Blechnaceae
dikelaskan kepada dua; (1) monofiletik, dan (2) bukan monofiletik. Dapatan
kajian tersebut meningkatkan lagi rasa minat dan perlunya kajian terhadap
famili Blechnaceae dilakukan. Objektif kajian ialah merekodkan ciri-ciri makro
morfologi seperti rizom, susunan daun, corak urat daun dan rerambut. Ciri-ciri
morfologi tersebut dikenalpasti persamaan dan perbezaannya dengan bantuan
kanta pembesar. Manakala, ciri-ciri mikro morfologi berkas vaskular dari
bahagian batang iaitu stip dan rakis juga dilakukan menggunakan teknik
hirisan menggunakan mikroskop gelongsor. Bagi mengkategorikan paku pakis
ini dengan lebih tepat, pendekatan molekul menggunakan teknik “Polymerase
Chain Reaction (PCR) dijalankan. Kesemua jujukan genetik yang diperolehi
digabungkan dan dianalisa untuk menentukan hubungan antara spesies yang



dikaji. Data yang diperolehi dari aspek morfologi dan genetik digabungkan dan
dianalisis menggunakan perincian “NCSS? Statistical Software and Graphic
Analysis” di mana analisis pengkelasan menggunakan kaedah “Unweighted-
Pair Group” dilakukan. Hasil kajian mendapati paku pakis Blechnaceae adalah
bukan monofiletik. Genus Blechnum didapati membentuk dua kumpulan
berdasarkan persamaan yang ditunjukkan oleh ciri-ciri morfologi dan disokong
oleh data molekul. Tambahan pula, Blechnum didapati berasal dan mempunyai
perkaitan dengan dua induk iaitu Brainea dan Woodwardia. Manakala, S. palustris
dan B. indicum mempunyai perkaitan yang rapat berdasarkan data dari rbcL dan
juga trnH-psbA. Blechnum sp. diklasifikasi sebagai spesies yang mempunyai
perkaitan rapat dengan B. orientale sama ada dari aspek morfologi mahupun
molekul. Kajian ini juga telah menunjukkan data daripada aspek makro
morfologi dan mikro morfologi adalah tidak selari dengan data dari pepohon
molekul. Berdasarkan kepada dapatan kajian molekul, penanda molekular rbcL
dan trnH-psbA merupakan dua penanda yang boleh dipercayai dan
menghasilkan keputusan analisis yang selari. Walau bagaimanapun, penanda
molekular atpB tidak menunjukkan hasil analisis yang baik, memandangkan
jujukannya yang pendek dan tidak menghasilkan data yang mencukupi. Oleh
yang demikian, penanda molekular atpB ini didapati bukan penanda yang baik
bagi kajian ini. Secara keseluruhannya, dapatan kajian ini mendapati paku pakis
dari famili Blechnaceae adalah bukan monofiletik dan data yang diperolehi dari
kedua-dua skop iaitu morfologi dan molekul boleh digunakan untuk kajian
masa depan dan menjadi rujukan bagi paku pakis di Semenanjung Malaysia.
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CHAPTER 1

INTRODUCTION

A recircumscription of Blechnaceae family based on both morphological and
molecular data has resulted with ca. nine genera; Blechnum L., Brainea J. Sm.,
Doodia R. Br., Pteridoblechnum Hennipman, Sadleria Kaulf., Salpichlaena ]. Sm.,
Steenisioblechnum Hennipman, Stenochlaena J. Sm., and Woodwardia Sm. (Smith et
al., 2006a). However, only four genera were found in Peninsular Malaysia which
are Blechnum, Brainea, Woodwardia, and Stenochlaena. Brainea and Woodwardia are
treated as old genera from which Blechnum is derived while Stenochlaena is a sole
climbing fern in the family (Holttum, 1968; Piggottt, 1988).

Blechnaceae from Peninsular Malaysia comprises of nine species; Blechnum
orientale, Blechnum finlaysonianum, Blechnum indicum, Blechnum fraseri, Blechnum
melanocaulon subsp. pallens, Blechnum vestitum, Stenochlaena palustris, Woodwardia
auriculata and Brainea insignis. The distribution pattern of Blechnaceae family is
various; some of them live in highland areas of Cameron Highlands in Pahang
with high humidity (e.g. B. fraseri, B. vestitum, B. melanocaulon subsp. pallens, and
W. auriculata); Br. insignis was found in offshore islands of Mersing, Johor; B.
indicum in swamp areas of Mersing, Johor; and B. orientale and S. palustris are
found abundantly in sun-exposed areas. However, species of B. finlaysonianum
requires moist and shaded environment and it was found in Selangor. In this
study, a new sample has been found in mountainous areas of Fraser’s Hill in
Pahang, and namely Blechnum sp. This species is still under research on its
relationship towards the Blechnaceae family.

Ferns usually have a long history in Chinese medicinal usage. They had
abundant of chemical compounds with pharmacological properties (Xin et al.,
2010). Blechnum possess ethnomedicinally properties, for treatment of various
skin diseases, stomach pain, urinary bladder infections and sterilization in
women. B. orientale, in this case was proven as a potential candidate with
antioxidant properties, for colon cancer therapy and can be used to treat Gram
positive bacterial infections (Lai et al., 2010). Some of ferns from this family like
S. palustris and B. orientale are edible. Usually, the young leaf is eaten raw. The
leaves of S. palustris is also used to treat fever (Mannan et al., 2008), meanwhile
Woodwardia and B. orientale were found with medicinal values (Xin et al., 2010)
and it is important to identify these species correctly, especially those with
medicinal potentials. To identify these functional species, morphological
authentication is inadequate; it was confronted with difficulties with overly
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similarly traits used for taxonomic characterization, and decreasing number of
expertise (Xin et al., 2010).

The previous classification of Blechnaceae by Holttum (1968) has no agreement
in terms of familial and ordinal placement with other taxonomists such as
Beddome (1969) and Tryon and Tryon (1982). Holttum (1968) classified
Blechnaceae with three genera as Blechnoidea, a sub-family of Dennstaedtiaceae
which are (1) Blechnum, which comprises of B. orientale, B. finlaysonianum, B.
indicum, and B. vestitum; (2) W. auriculata; and (3) Br. insignis. The researcher also
recategorized S. palustris into Pteridoideae, a sub-family of Aspleniaceae. The
dismemberment of S. palustris is due to its affinities to Acrostichum in the
structure of vascular system of rhizome and stipe, reduced pinnae bearing
glands, and colourless translucent spores without perispores.

Beddome (1969), on the other hand, classified Blechnum and Woodwardia into
Polypodiaceae, Br. insignis in the tribe of Grammitidea, and S. palustris which
was previously named as S. palustre in the tribe of Acrosticheae, by
characterizing the dissimilarities in their spore structure and localization. His
classification conveys significant distinction from Holttum’s.

Meanwhile, Tryon and Tryon (1982) have indicated three genera in Blechnaceae;
(1) Salpichlaena, (2) Blechnum, and (3) Woodwardia. They found Blechnaceae as a
distinctive family by having an unfolded lamina which is tinged in red.
However, these ferns resemble more to Aspleniaceae in terms of their sorus,
indusium, and chromosome number (n= 36).

Based on the similarities in morphological characters such as sori distribution
which aligns along costa or costule, nine species of Blechnaceae have been
clustered into a single family by Piggott (1988). The nine species are B. orientale,
B. finlaysonianum, B. indicum, B. fraseri, B. vestitum, B. patersonii, W. auriculata, S.
palustris, and Br. insignis.

The distinctions in the classification of Blechnaceae result in equivocal
taxonomic placement and confusion in the family recognition. In addition, the
morphological characters which have been used as taxonomic tools to identify
certain species are somewhat highly related with each other without significant
difference.



Thus, when molecular data for Blechnaceae has been introduced by Smith et al.
(2006), Schuettpelz and Pryer (2007), and Shepherd et al. (2007), it provides
complementary information for the previous classification which was based on
morphological authentication only. However, the intention in molecular study
was to determine the monophyly of the family using several molecular markers,
mostly from chloroplast, mitochondria, and nuclear regions. The monophyletic
relationship shows a common ancestral of the family and can be shown when a
species is grouped together by forming a clade. The overlapping of different
species and genera within a clade shows a paraphyletic relationship.

The progress in molecular studies results in Blechnaceae being considered as
monophyletic (Smith et al., 2006b; Hasebe et al., 1995). Nevertheless, studies by
Cranfill (2001), Schuettpelz and Pryer (2006), and Shepherd et al. (2007) have
proved that they are not monophyletic since more than one genus are nested
within Blechnum. The research findings according to molecular data are clearly
unlike the classical characterization, which mainly based on morphological
characters. These arguments and unparallel classifications of Blechnaceae from
both morphological and molecular approaches give a significant and strong
reason to study ferns of Blechnaceae from Peninsular Malaysia. Furthermore,
the growing interest in molecular approach among biologists nowadays
increases the reliability of taxonomic classification by consuming various data
from the plants.

Hence, the objectives of this study are (1) to document macro morphological
characters such as rhizome, frond architecture, venation, scales and micro
morphological character of vascular bundle from the stipe and rachis from
Blechnaceae and the data will be analyze using Group Average (Unweighted-
Pair Group) clustering analysis to infer species relatedness; (2) to develop the
data from rbcL, atpB and trnH-psbA regions as identification tools to support or
disapprove the existing classifications of Blechnaceae from Peninsular Malaysia.
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