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A research of morphological and anatomical variation among the genera of
Gleicheniaceae in Peninsular Malaysia was carried out from June 2003 to May 2005.
Eighteen species of Gleicheniaceae (including 9 varieties) from 4 genera namely
9 species of Dicranopteris, 3 species of Diplopterygium, 3 species of Gleichenia and
3 species of Sticherus had been examined. These ferns were collected from the
fringes of the Lowland Dipterocarp Forest (LDF), Hill Dipterocarp Forest (HDF),
Lower Montane Forest (LMF) and Upper Montane Forest (UMF). All species of
Gleicheniaceae are sun-ferns that grow well on poor clay soils or nutrient poor soil
with small demand of mineral substances. They make adaptation by their creeping
rhizomes and by the indefinite growth of the fronds that form thickets.
Morphological studies including frond architecture and study of stipe anatomy were
conducted, as they are taxonomically significant for delimiting genera and species
within Gleicheniaceae. Six types of frond architecture (including the modification
from the basic) were observed in this study with each corresponding to a distinct
genus and also to certain species. Furthermore, the characters of the dermal
appendages (hairs and scales) at the stipe, costae and costules of the lamina

segments are found to be significant for delimiting of species in the genera. The
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presence of additional branches and the shape of pseudostipules, size, texture, the
condition of the upper or lower surface of the lamina segments and venation pattern
were the basis for the classification of genera and some species. The stipe anatomy
revealed that Gleicheniaceae has three types of vascular bundle in the stele. The C—
shaped form was found in genera Dicranopteris (excluding D. linearis var. linearis),
Diplopterygium and Sticherus; circular-shaped vascular bundle was found in genus
Gleichenia whereas D—shaped vascular bundle was found in only one species of
Dicranopteris, namely the D. linearis var. linearis. The features such as the
distribution of endodermis, different width of the adaxial gap, different forms of the
adaxial hooks and different amount and distribution of xylem and protoxylem
groups are important for identification. Variation in the vascular bundle of
Gleicheniaceae was found to be taxonomically significant at the genus and species

levels.
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Kajian morfologi dan anatomi batang terhadap paku-pakis bagi famili
Gleicheniaceae telah dijalankan di Semenanjung Malaysia antara Jun 2003 hingga
Mei 2005. Daripada kajian ini, sejumlah 18 spesies termasuk 9 varieti
Gleicheniaceae yang tergolong dalam empat genera yang bernama Dicranopteris (9
spesies), Diplopterygium (3 spesies), Gleichenia (3 spesies) dan Sticherus (3
spesies) telah diteliti. Paku-pakis ini biasanya ditemui di pinggiran Dipterokarp
tanah pamah (LDF), Dipterokarp peringkat tinggi (HDF), hutan hujan gunung
peringkat rendah (LMF) dan hutan hujan gunung peringkat tinggi (UMF). Semua
spesies Gleicheniaceae suka terhadap pendedahan cahaya matahari; hidup subur di
tanah liat atau tanah yang kurang nutrien serta keperluannya terhadap nutrien adalah
sedikit. Ta membentuk semak atau belukar yang tebal dengan pengubahsuaian
rizomnya yang menjalar serta pertumbuhan pelepah yang berulang-ulang. Kajian
morfologi termasuk corak percabangan serta kajian anatomi batang telah dijalankan
adalah bererti secara taksonomi untuk membatas atau membezakan genus dan
spesies Gleicheniaceae. Enam jenis corak percabangan (termasuk modifikasi

daripada yang asas) telah dikenalpasti daripada kajian ini dan setiap satu dapat
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memberikan gambaran yang jelas kepada genus ataupun sesetengah
spesies. Tambahan pula, kehadiran rambut atau/ dan sisik pada batang, urat tengah
dan petiol pada daun adalah ciri-ciri taksonomi penting bagi spesies dalam genera.
Kehadiran cabangan daun tambahan, rupa bentuk “pseudostipules”, tekstur, saiz,
rupa bentuk dan keadaan permukaan atas dan bawah daun urat daun merupakan ciri
asas bagi pengkelasan genera dan beberapa spesies. Kajian anatomi batang pula
menunjukkan bahawa Gleicheniaceae mempunyai tiga jenis bentuk berkas vaskular
dalam stel iaitu bentuk—C dalam genera Dicranopteris (selain D. linearis var.
linearis), Diplopterygium dan Sticherus, bentuk hampir bulat dalam genus
Gleichenia manakala bentuk—D hanya dijumpai pada satu species Dicranopteris
iaitu D. linearis var. linearis. Dalam berkas vaskular, ciri-ciri seperti taburan lapisan
endodermis, rupa bentuk dan perbezaan kelebaran pada bahagian bawah jurang dan
lingkaran serta bilangan dan bentuk xilem dan protoxilem juga memainkan peranan
penting dalam pengecaman. Variasi pada berkas vaskular batang dalam

Gleicheniaceae didapati bererti secara taksonomi di tahap genus dan spesies.



ACKNOWLEDGEMENTS

The collection of materials and successful completion of my Master of Science
project was only possible with the help, advice, encouragement and great support of

people in my life and God’s blessing.

My deepest gratitude goes to my supervisor, Associate Professor Dr. Rusea Go for
her guidance, invaluable advice, patience and continuous support. I also wish to
express my sincere appreciation to member of the thesis committee, Dr.
Hishamuddin Omar for his constructive comments and assistance during the entire

course of the study.

I am very grateful and thankful to Associate Professor Dr. Japar Sidik Bujang,
Deputy Dean (Academic), Faculty of Science, UPM; Professor Dr. Ruth Kiew
(SING); Dr. Saw Leng Guan (KEP); Dr. Kamarudin Mat Salleh (UKMB);
Mr. Razali Jaman (UKMB); Dr. Wong Khoon Meng (KLU), for their favours and
help in one way or another. I also wish to extend my gratitude to Dr. Benjamin
Ollgaard, from Institute of Biological Sciences, University of Aarhus, Denmark, for

his opinion and kindness in providing reference materials.

I am deeply indebted to the staff of the Anatomy Lab, Department of Biology
(UPM), En. Hassan Omar and Ms. Lam Shiau Lee for guiding me how to prepare
the solutions for my research work. Without their help, it would have been

impossible to complete this study.

vi



My appreciation also goes to Abang Man and Kak Latifah for their guidance,
kindness and help. Special thanks are directed to the members of the Herbarium,
Biology Department (UPM) and my dearest friends, Ms. Wendy Yong Sze Yee,
Mr. Joanes Unggang, Mr. Claysius Kongoi, Mr. Azhar Abu Bakar, Ms. Phoon Sook
Ngoh, Ms. Toong Yet Han, Mr. Tang Cher Hing, Mr. Michael Lim Yee Liang,
Ms. Serena Lee, Ms. Cheong Wei Ling, Ms. Racheal Ling Jinn, Ms. Chai Yie Ping,
Ms. Lee Lek Yan, Ms. Loh Ming, Ms. Christina Yong Sook Yien, Mr. Chua Bok
Hui, Mr. Tee Meng Han, Mr. Lee Kok Leon and Mr. Julsun for their moral support,

concern and generous assistance in various ways throughout this study.

Nevertheless, heartfelt appreciation to my beloved parents, brother and sister, who
have supported me throughout the course of my graduate program. Their love, care

and understanding me toward the completion of this thesis.

Last but not least, I gratefully acknowledge IRPA Project-Diversity and
Conservation of Fern-Allies and Primitive Ferns in Malaysia (Project Number 08-
02-04-0025) and Short-Term Research Grant Year 2001 UPM (Pusat Kos 51275) for

supporting this study.

Vil



I certify that an Examination Committee met on 24 August 2006 to conduct the
final examination of Chin Lea Yen on her degree of Master of Science thesis entitled
“Morphological and Anatomical Variations Among The Genera of Gleicheniaceae”
in accordance with Universiti Pertanian Malaysia (Higher Degree) Act 1980 and
Universiti Pertanian Malaysia (Higher Degree) Regulations 1981. The Committee
recommends that the candidate be awarded the relevant degree. Members of the
Examination Committee are as follows:

Tan Soon Guan, PhD
Professor

Faculty of Science
Universiti Putra Malaysia
(Chairman)

Misri Kusnan, PhD
Professor

Faculty of Science
Universiti Putra Malaysia
(Internal Examiner)

Umi Kalsom Yusuf, PhD
Professor

Faculty of Science
Universiti Putra Malaysia
(Internal Examiner)

Haji Mohamed Abdul Majid, PhD
Professor/ Dean

Faculty of Science

Universiti Malaya

(External Examiner)

HASANAH MOHD. GHAZALI, PhD
Professor/Deputy Dean

School of Graduate Studies

Universiti Putra Malaysia

Date: 18 JANUARY 2007

viil



This thesis submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Master of Science. The
members of the Supervisory Committee are as follows:

Rusea Go, PhD
Associate Professor
Faculty of Science
Universiti Putra Malaysia
(Chairman)

Hishamuddin Omar, PhD
Lecturer

Faculty of Science
Universiti Putra Malaysia
(Member)

AINI IDERIS, PhD
Professor/Dean

School of Graduate Studies
Universiti Putra Malaysia

Date: 8 FEBRUARY 2007

X



DECLARATION

I hereby declare that the thesis is based on my original work except for quotations
and citations which have been duly acknowledged. I also declare that it has not been
previously or concurrently submitted for any other degree at UPM or other
institutions.

CHIN LEA YEN

Date: 27 DECEMBER 2006



TABLE OF CONTENTS

Page
ABSTRACT il
ACKNOWLEDGEMENTS vi
APPROVAL viii
DECLARATION X
LIST OF TABLES XV
LIST OF FIGURES XVi
LIST OF PLATES XXii
CHAPTER
1 INTRODUCTION 1
1.1 General Introduction 1
1.2 Statement of Problem 6
1.3 Objectives 7
2 LITERATURE REVIEW 8
2.1 Historical Review of Classification Gleicheniaceae 8
2.1.1 Robert Brown (1810) 8
2.1.2  Presl (1825) 9
2.1.3 Diels (1902) 9
2.1.4 Bower (1928) 9
2.1.5 Carl Christensen (1938) 10
2.1.6 Ching (1940) 10
2.1.7 Copeland (1947) 10
2.1.8 Nakai (1950) 11
2.1.9 Holttum (1954) 11
2.1.10 Bierhorst (1968) 12
2.1.11 Lovis (1977) 12
2.1.12 Tryon and Tryon (1982) 12
2.1.13 Kramer and Green (1990); Croft (1999) 13
2.2 Taxonomic Notes on Gleicheniaceae 15
2.2.1 Early Classification of Gleicheniaceae in 15

Peninsular Malaysia
2.2.2 Recent Collection and Checklist of Gleicheniaceae 16
in Peninsular Malaysia

2.2.3 Stages of Gleicheniaceae Revision Based on 19
Collection and Checklist
2.3 Family Gleicheniaceae 20
2.3.1 Chemotaxonomic Study 20
2.3.2 Fossil History 20
2.3.3 Distribution 22
2.3.4 Ecology 22
2.3.5 Ethnobotany 24
2.3.6 Chromosome 25

2.4 Structure of Gleicheniaceae 27

X1



2.4.1 Rhizome

2.4.2 Roots
2.43 Stipe
244 Lamina
2.4.5 Sori
2.4.6 Sporangia
2.47 Spores
METHODOLOGY
3.1 Gross Morphology
3.2 Venation Pattern
33 Stipe Anatomy
3.3.1 Fixation
3.3.2  Process of Dehydration
3.3.3  Process of Waxing
3.3.4 Process of Embedding
3.3.5 Process of Sectioning
3.3.6 Process of Staining
3.3.7 Process of Mounting
3.3.8 Observation under Microscope
GROSS MORPHOLOGY
4.1 Introduction
4.2 Frond Architecture
4.2.1 Frond Architecture of Diplopterygium
4.2.2  Frond Architecture of Gleichenia
4.2.3 Frond Architecture of Sticherus
4.2.4 Frond Architecture of Dicranopteris
43 Accessory Branches (AB)
4.4  Pseudostipules (PS)
4.5 Lamina and Segment of Lamina
4.6  Venation Pattern
4.7  Dermal Appendages
4.8 Sori, Sporangia and Spores
4.9  Discussion
STIPE ANATOMY
5.1 Introduction
5.2 Epidermis
5.3 Cortex
54 Stele

5.5

5.4.1 Vascular Bundles Forms
5.4.2 Endodermis

5.4.3 Width of the Adaxial Gap
5.4.4 Adaxial Hooks

5.4.5 Amount and Distribution of Xylem and

Discussion

27
29
29
31
34
34
35

38
38
39
40
41
41
42
42
42
43
44
44

46
46
46
52
53
55
56
59
60
61
63
85
90
95

100
100
100
102
102
105
108
122
123
124
126

xii



ECOLOGY AND GEOGRAPHICAL DISTRIBUTION
6.1 Introduction
6.2  Habitat Diversity of Gleicheniaceae in Peninsular
Malaysia
6.2.1 Lowland Dipterocarp Forest (LDF)
6.2.2 Hill Forest (HF)
6.2.3 Lower Montane Forest (LMF)
6.2.4 Upper Montane Forest (UMF)
6.3 Geographical Distribution
6.4  Discussion

TAXONOMIC TREATMENT
7.1 Description of Family
7.1.1 Keys to General45
7.2 Description of Genus Dicranopteris Bernhardi
7.2.1 Keys to Species
7.2.2 Description of Species
7.3 Description of Genus Sticherus Presl
7.3.1 Keys to Species
7.3.2 Description of Species
7.4  Description of Genus Gleichenia Smith
7.4.1 Keys to Species
7.4.2  Description of Species
7.5  Description of Genus Diplopterygium (Diels) Nakai
7.5.1 Keys to Species
7.5.2 Description of Species

CONCLUSION AND RECOMMENDATIONS
8.1 Conclusion
8.1.1 Taxonomic Status of Gleicheniaceae
8.2 Species Delimitation within Gleicheniaceae
8.2.1 Significance of Gross Morphology

8.2.2 Significance of Anatomy of Stipe
83 Geographical Distribution and Habitat
8.4 Recommendations
8.4.1 General Recommendation
8.4.2 Conservation
REFERENCES
APPENDICES

BIODATA OF THE AUTHOR

130
130
130

134

134
135
135
136
140

142
142

146
148
150
186
188
188
201
203
203
214
216
217

235
235
235
239
239
240
241
243
243
243

245

253
257

xiii



