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Freshwater macrophytes were surveyed for their distribution, habitat characteristics 

and local uses around Bintulu division and Miri district, Sarawak, East Malaysia 

from year 2004 until 2006. Thirty nine (39) areas were covered where two lakes and 

five streams of natural and man made water bodies (one marsh, two temporary 

marshes, four ponds, one disused mining lake and eight ditches) from Bintulu 

division while from Miri district, one area of stream (natural) and four man made 

water bodies (two marshes, three ponds, seven ditches and three areas of water 

reservoirs). A total of 113 species and 42 families of freshwater macrophytes were 

recorded in various habitats and areas of Bintulu division and Miri district. Fifty five 

(55) species in 12 families are angiospermae monocotyledon e.g. Limnocharis flava, 

Eriocaulon longifolium, Cyperus halpan and Blyxa aubertii, 49 species in 24 families 

are angiospermae dicotyledon e.g. Nelumbo nucifera, Nymphaea nouchali, 

Ceratophyllum demersum and including seven species in three families of 

carnivorous plants, Drosera spathulata, Utricularia aurea, U. bifida, U. caerulea, U. 

gibba, U. minutissima and Nepenthes gracilis. Eight species in six families are 

categorized as ferns e.g. Salvinia molesta, Nephrolepis bisserata, Lygodium 
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microphyllum and macroalgae, Chara zeylanica. Based on life form categories, three 

species were emergent (N. nucifera, N. nouchali and N. pubescens), five species as 

submerse (e.g. C. zeylanica, B. aubertii, Hydrilla verticillata and U. bifida), eight 

species as floating (e.g. Pistia stratiotes, Ipomoea aquatica, Lemna perpusilla, U. 

aurea, U. gibba and Eichhornia crassipes) and 99 species as marginal or half-

submerse (e.g. L. flava, Ipomoea stolonifera, C. halpan, Eleocharis dulcis, N. 

bisserata, D. spathulata, U. caerulea and Typha angustifolia).  

 

The distribution of freshwater macrophytes e.g. H. verticillata, U. gibba in various 

natural (e.g. Kemena lake, Jalan Nyabau stream) and man made water bodies (e.g. 

Taman Mawar pond, UPM Bintulu campus ditch) were not affected by physical 

environmental factors where the water and substrate were slightly acidic to alkaline, 

pH ranged 6.79 to 7.82 with water temperature of 25ºC to 34.6ºC. Freshwater 

macrophytes grew in slightly acidic to alkaline of water and substrates of clay and 

sandy clay loam. Freshwater macrophytes also grew in water temperature of 24ºC to 

38ºC and tolerated up to 40ºC. Species such as C. zeylanica and T. angustifolia grew 

in water of 5 ppt and N. nouchali were abundantly growing in black colour water 

with a pH of 5.5 or less. The variations on morphology of vegetative and 

reproductive structures contribute to their adaptation and survival in a variety of 

environmental conditions. The arrangement of leaves e.g. rosette in N. nouchali to 

avoid shading and overlapping of leaves and helps the plant gets more sunlight. The 

vacuoles in the petioles and rhizomes e.g. N. nucifera function for gas transportation 

while swollen petioles in certain species e.g. E. crassipes enables the plant to float on 

water surface. Certain species have “head” inflorescences such as Mimosa pudica 

that function to avoid overlapping of flowers for easy pollination. The modification 
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of seed structure e.g. “winged” seeds in U. gibba allows buoyancy of seeds for 

dispersal. Forty three species of freshwater macrophytes are used by the local 

population. The marginal plants such as Cyperus brevifolius, E. dulcis, Alternanthera 

sessilis and Homalomena propingua are the sources of most food and medicines. 

Other than as food and medicine, freshwater macrophytes are also used as an 

ingredient in making cosmetics (e.g. Melastoma malabathricum), household items 

e.g. aromatherapy foam bath (e.g. N. nouchali), making mats, baskets and as binding 

material (Cyperus malaccensis known as “Tali bondong” among local peoples), 

aquarium and decorative plants (e.g. Cabomba furcata, Monochoria hastata, M. 

vaginalis, D. spathulata, U. bifida and U. minutissima). Salvinia molesta and L. 

microphyllum are cultivated by local peoples and used as biofilters and 

biodegradable plants in water reservoirs. 
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Tinjauan terhadap taburan, ciri-ciri habitat dan kegunaan tempatan makrofit air tawar 

telah dilakukan sekitar bahagian Bintulu dan daerah Miri, Sarawak, Malaysia Timur 

dari tahun 2004 hingga 2006. Tiga puluh sembilan (39) kawasan telah diterokai di 

mana dua tasik dan lima sungai adalah badan air semulajadi dan buatan manusia 

(satu paya, dua paya sementara, empat kolam, satu tasik bekas lombong dan lapan 

parit) daripada bahagian Bintulu manakala daripada daerah Miri, satu kawasan 

adalah sungai (semulajadi) dan empat badan air buatan manusia (dua paya, tiga 

kolam, tujuh parit dan tiga kawasan air takungan). Sejumlah 113 spesies dan 42 

famili makrofit air tawar direkodkan di pelbagai habitat dan kawasan bahagian 

Bintulu dan daerah Miri. Lima puluh lima (55) spesies dalam 12 famili adalah 

monokotiledon angiosperma cth. Limnocharis flava, Eriocaulon longifolium, 

Cyperus halpan dan Blyxa aubertii, 49 spesies dalam 24 famili adalah dikotiledon 

angiosperma cth. Nelumbo nucifera, Nymphaea nouchali, Ceratophyllum  demersum 

dan termasuk tujuh spesies dalam 3 famili tumbuhan karnivor, Drosera spathulata, 

Utricularia aurea, U. bifida, U. caerulea, U. gibba, U. minutissima dan Nepenthes 

gracilis. Lapan spesies dalam enam famili dikategori sebagai paku pakis cth. Salvinia 
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molesta, Nephrolepis bisserata, Lygodium microphyllum dan makroalga, Chara 

zeylanica. Berdasarkan ke atas kategori ciri hidup, tiga spesies termuncul (N. 

nucifera, N. nouchali dan N. pubescens), lima spesies sebagai tenggelam (cth. C. 

zeylanica, B. aubertii, Hydrilla verticillata and U. bifida), lapan spesies sebagai 

terapung (cth. Pistia stratiotes, Ipomoea aquatica, Lemna perpusilla, U. aurea, U. 

gibba dan Eichhornia crassipes) dan 99 spesies sebagai marginal atau separuh 

tenggelam (cth. L. flava, Ipomoea stolonifera, C. halpan, Eleocharis dulcis, N. 

bisserata, D. spathulata, U. caerulea dan Typha angustifolia).  

 

Taburan makrofit air tawar cth. Hydrilla verticillata, Utricularia gibba di pelbagai 

badan air semulajadi (cth. tasik Kemena, sungai Jalan Nyabau) dan buatan manusia 

(cth. kolam Taman Mawar, parit UPM kampus Bintulu) tidak dipengaruhi oleh faktor 

persekitaran fizikal di mana air dan tanah agak berasid ke beralkali, purata pH 6.79 

hingga 7.82 dengan suhu air 25ºC hingga 36.4ºC. Makrofit air tawar tumbuh di 

dalam air yang agak berasid ke beralkali dan tanah adalah tanah liat dan tanah liat 

berpasir. Makrofit air tawar juga tumbuh di dalam suhu air 24ºC hingga 38ºC dan 

boleh tahan hingga suhu 40ºC. Spesies seperti C. zeylanica dan T. angustifolia 

tumbuh di dalam air 5 ppt dan N. nouchali tumbuh dengan banyak di dalam air 

berwarna hitam dengan pH 5.5 atau kurang. Variasi ke atas struktur morfologi 

vegetatif dan reproduktif membantu tumbuhan beradaptasi dan boleh hidup di 

pelbagai keadaan persekitaran. Susunan daun cth. “rosette” pada N. nouchali 

mengelak peneduhan dan penindihan daun dan membantu tumbuhan mendapat lebih 

cahaya matahari. Vakuol di dalam petiol dan rizom cth. N. nucifera berfungsi sebagai 

pengangkutan gas manakala petiol menggelembung pada sesetengah spesies cth. E. 

crassipes membolehkan tumbuhan tersebut terapung di atas permukaan air. 
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Sesetengah spesies mempunyai “kepala” jambak bunga seperti Mimosa pudica 

berfungsi mengelak penindihan bunga untuk membolehkan pendebungaan. 

Modifikasi pada struktur biji cth. biji “bersayap” pada U. gibba membolehkan biji 

terapung untuk penyebaran. Empat puluh tiga spesies makrofit air tawar telah 

digunakan oleh penduduk tempatan. Tumbuhan marginal seperti Cyperus brevifolius, 

E. dulcis, Alternanthera sessilis dan Homalomena propingua adalah sumber 

kebanyakan makanan dan perubatan. Selain digunakan sebagai makanan dan 

perubatan, makrofit air tawar juga berguna sebagai bahan dalam pembuatan kosmetik 

(cth. Melastoma malabathricum), barangan isi rumah cth. sabun mandi aromaterapi 

(cth. N. nouchali), membuat tikar, bakul dan sebagai pengikat barang (Cyperus 

malaccensis yang dikenali di kalangan penduduk tempatan sebagai “Tali bondong”), 

tumbuhan akuarium dan hiasan (cth. Cabomba furcata, Monochoria hastata, M. 

vaginalis, D. spathulata, U. bifida and U. minutissima). Salvinia molesta dan L. 

microphyllum digunakan dan ditanam oleh penduduk tempatan sebagai tumbuhan 

penapis biologi dan biodegradasi dalam air takungan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



viii 

 

ACKNOWLEDGEMENTS 

 

 

Alhamdulilah; Praise to Allah with his bestowed guidance, I was able to submit this 

thesis. 

  

My deepest and sincere gratitude toward my supervisor, Associate Professor Japar 

Sidik bin Bujang who gave much of his valuable experience in his work, assisting 

with the ground truth and not forgetting his co-operation, support, encouragement, 

his constructive comments and suggestions from an early draft up to the end which 

improved the manuscript. Not forgetting the help and supporting from Associate 

Professor Muta Harah binti Zakaria @ Ya and Associate Professor Aziz bin Arshad 

as my co-supervisors. 

 

This study is part of a large study on Distribution, Diversity and Uses of Aquatic 

Macrophytes under the Intensification of Research in Priority Area (IRPA 8) project 

no. 09-02-04-0679-EA001: Vote no: 54314. My sincere appreciation to the 

Malaysian Government for financial support through the Ministry of Science, 

Technology and Environment Malaysia. I’m also grateful to the Faculty of Science 

and Faculty of Agriculture and Food Sciences, Universiti Putra Malaysia and 

Universiti Putra Malaysia Bintulu Campus respectively for providing facilities and 

assistance for this study. 

 

Foremost, I would also like to show appreciation towards my family especially my 

father Awing bin Muhd and my mother Khamisah binti Mohd; who morally 

supported, constantly counseled and persistently helped me throughout this study. 

© C
OPYRIG

HT U
PM



ix 

 

Thanks are also due to Maini Chee, Raesah Amit and all my friends for their 

tremendous effort, assistance and also their suggestions and comments to enable the 

report to be completed suggestions from anonymous reviewers are appreciated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



xi 

 

This thesis submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfillment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee are as follows: 

 

 

 

Japar Sidik Bujang, PhD 

Associate Professor 

Faculty of Science 

Universiti Putra Malaysia 

(Chairman) 

 

 

Muta Harah Zakaria, PhD 

Associate Professor 

Faculty of Agricultural and Food Sciences 

Universiti Putra Malaysia, Bintulu Campus 

(Member) 

 

 

Aziz Arshad, PhD 

Associate Professor 

Faculty of Science 

Universiti Putra Malaysia 

(Member) 

 

 

 

 

 

 

      HASANAH MOHD. GHAZALI, PhD 

      Professor and Dean 

      School of Graduate Studies 

      Universiti Putra Malaysia 

 

      Date: 12 February 2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



xii 

 

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. 

 

 

 

 

 

 

            SUZALINA AKMA AWING 

       

            Date: 10 January 2008 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



xiii 

 

TABLE OF CONTENTS 

    Page 

ABSTRACT ii 

ABSTRAK v 

ACKNOWLEDGEMENTS viii 

APPROVAL x 

DECLARATION xii 

LIST OF TABLES xv 

LIST OF FIGURES xix 

LIST OF PLATES xxi 

LIST OF SYMBOLS AND ABBREVIATIONS xxiv 

   

Chapter  Page 

1 INTRODUCTION 1 

   

2 LITERATURE REVIEW 4 

 2.1 Freshwater macrophyte species and 

geographical distribution 

4 

 2.2 Categories of freshwater macrophytes 5 

 2.3 Freshwater macrophyte morphological 

characteristics 

7 

  2.3.1 Vegetative structures 7 

  2.3.2 Reproductive structures 10 

 2.4 Environments of freshwater macrophytes 13 

  2.4.1 Types of habitat 13 

  2.4.2 Physical characteristics 13 

  2.4.3 Biological characteristics 15 

 2.5 Importance of the local freshwater 

macrophytes 

16 

  2.5.1 Economical value 16 

  2.5.2 Ecological value 19 

     

3 MATERIALS AND METHODS  

 3.1 Study areas, samplings and plant 

collections 

20 

  3.1.1 Biological associations 23 

 3.2 Identification of plants and morphological 

diversity 

25 

 3.3 Environmental variables of freshwater 

macrophytes areas 

26 

  3.3.1 Physical characteristics 26 

 3.4 Importance of the local  freshwater 

macrophytes 

29 

  3.4.1 Histochemical studies 29 

     

4 RESULTS  

 4.1 Distribution, species and category of 

freshwater macrophytes 

34 

  4.1.1 Biological associations 42 

  4.1.2 Community similarity 71 

© C
OPYRIG

HT U
PM



xiv 

 

Chapter   Page 

  4.1.3 Correlation between species 

abundance and physical 

environments 

73 

 4.2 Morphological characteristics of 

freshwater macrophytes 

75 

  4.2.1 Vegetative structures 75 

  4.2.2 Reproductive structures 99 

 4.3 Environments of freshwater macrophytes 112 

  4.3.1 Types of habitat 112 

  4.3.2 Physical characteristics 112 

 4.4 Importance of the local freshwater 

macrophytes 

128 

  4.4.1 Economical value 128 

  4.4.2 Ecological value 135 

     

5 DISCUSSION  

 5.1 Distribution, species and category of 

freshwater macrophytes 

142 

  5.1.1 Biological associations 159 

  5.1.2 Community similarity 160 

  5.1.3 Correlation between species 

abundance and physical 

environments 

161 

 5.2 Morphological characteristics of 

freshwater macrophytes 

162 

  5.2.1 Vegetative structures 162 

  5.2.2 Reproductive structures 166 

 5.3 Environments of freshwater macropytes 169 

  5.3.1 Types of habitat 169 

  5.3.2 Physical characteristics 170 

 5.4 Importance of the local freshwater 

macrophytes 

171 

  5.4.1 Economical value 171 

  5.4.2 Ecological value 177 

     

6 CONCLUSION 180 

     

REFERENCES 183 

APPENDICES 190 

BIODATA OF STUDENT 196 

LIST OF PUBLICATIONS 197 

   

   

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



xv 

 

LIST OF TABLES 

 

 

Tables  Page 

1 Types of habitats of freshwater macrophytes and 

descriptions 

14 

2 Indices of the degree of freshwater macrophytes cover 

and its representative multiplier 

22 

3 Comparisons freshwater macrophytes species in plants 

categories (Angiospermae dicot and monocot, ferns, 

carnivorous plants), life forms (Emergent, Submerse, 

Floating, Marginal/Half-submerse) in the different 

habitat types from Bintulu division to Miri district;  1-

Kemena lake, 2-Kg Kuala Nyalau, 3-Batu 8, 4-Baloi, 5-

UPM Bintulu Campus, 6-Taman Tumbina, 7-Jalan 

Nyabau, 8-Jalan Miri, 9-Bintulu old airport, 10-Jalan 

Universiti Curtin, 11-Kampung Iran, 12-Taman Melur, 

Kidurong, 13-UPM Bintulu Campus, 14-UPM Bintulu 

Campus fish pond, 15-Taman Mawar, 16-Bintulu 

secondary school, 17-Department of Agriculture Bt. 11 

Fish pond, 18-Kg. Keluru Jaya, 19-Ladang Binu, 20-

Stesen Pertanian Kabuloh, 21-Tanjung Kidurong, 

mining, 22-UPM Bintulu Campus, 23-Kampung Jepak, 

24-Jalan Kambar Bubin, 25-Kg Kuala Nyalau, 26-Kg. 

Nyalau, 27-Kuala Tatau area, 28-Sebauh, 29-Similajau 

National Park,30-Kg. Jambu Bungai, 31-Kg. Jenggalas, 

32-IKBN Miri, 33-Jalan PH2&2A, Tudan, 34-Pujot 8, 

35-Baram, 36-Jalan Universiti Curtin, 37-Kg. Sg. 

Selekoh Batu Niah, 38-Rh. Genatan, 39-Ladang Spad. + 

= present, * = broadleaved plant, # =grasses.  

37 

4 Frequency occurrences of freshwater macrophytes in 

eight areas during (a) dry season: A-Bintulu old airport 

marsh, B-Taman Tumbina stream, C1-Jalan Nyabau 

stream, D-Bintulu Secondary school pond, E1-Kg. Jepak 

ditch, (b) rainy season: F-Taman Melur temporary 

marsh, G-Universiti Putra Malaysia Bintulu Campus, 

C2-Jalan Nyabau stream, E2-Kg. Jepak ditch and H-

Jalan PH2&2A Tudan ditch, Miri 

43 

5 Species occurrence or percentage (%) cover, density, 

relative density, frequency, relative frequency, 

dominance, relative dominance and important value of 

freshwater macrophytes species at Bintulu old airport 

marsh 

46 

6 Species occurrence or percentage (%) cover, density, 

relative density, frequency, relative frequency, 

dominance, relative dominance and important value of 

freshwater macrophytes species at Taman Tumbina 

stream 

49 

© C
OPYRIG

HT U
PM



xvi 

 

Tables  Page 

7 Species occurrence or percentage (%) cover, density, 

relative density, frequency, relative frequency, 

dominance, relative dominance and important value of 

freshwater macrophytes species at Jalan Nyabau stream 

51 

8 Species occurrence or percentage (%) cover, density, 

relative density, frequency, relative frequency, 

dominance, relative dominance and important value of 

freshwater macrophytes species at Bintulu Secondary 

School pond 

54 

9 Species occurrence or percentage (%) cover, density, 

relative density, frequency, relative frequency, 

dominance, relative dominance and important value of 

freshwater macrophytes species at Kg. Jepak ditch 

56 

10 Species occurrence or percentage (%) cover, density, 

relative density, frequency, relative frequency, 

dominance, relative dominance and important value of 

freshwater macrophytes species at Taman Melur, 

Kidurong temporary marsh 

59 

11 Species occurrence or percentage (%) cover, density, 

relative density, frequency, relative frequency, 

dominance, relative dominance and important value of 

freshwater macrophytes species at Universiti Putra 

Malaysia Bintulu campus stream 

62 

12 Species occurrence or percentage (%) cover, density, 

relative density, frequency, relative frequency, 

dominance, relative dominance and important value of 

freshwater macrophytes species at Jalan Nyabau stream  

64 

13 Species occurrence or percentage (%) cover, density, 

relative density, frequency, relative frequency, 

dominance, relative dominance and important value of 

freshwater macrophytes species at Kg. Jepak ditch 

67 

14 Species percentage (%) cover, density, relative density, 

frequency, relative frequency, dominance, relative 

dominance and important value of freshwater 

macrophytes species at Jalan PH2&2A Tudan, Miri 

ditch 

70 

15 Jaccard community similarity coefficient Index of 

freshwater macrophytes for selected areas at Bintulu 

division during dry season 

72 

16 Jaccard community similarity coefficient Index of 

freshwater macrophytes for selected areas at Bintulu 

division and 
#
Miri district during rainy season 

72 

   

   

   

© C
OPYRIG

HT U
PM



xvii 

 

Tables  Page 

17 Summary of multiple correlation analysis between 

Importance values of freshwater macrophytes species 

and three physical environment variables (water pH and 

temperature; substrate pH). The value given is 

Pearson’s correlation. *indicate significant level at 

p<0.05 

74 

18 The comparison on types of phyllotaxy (leaf 

arrangement) and leaf, shapes of leaf blade and 

characteristics, types of leaf venation and leaf margin, 

cell surface of leaf (adaxial and abaxial), specialization 

of petioles, modifications of leaf and stem and root 

characteristics of freshwater macrophytes species 

77 

19 Summary of dimension analysis (given in mm) of 

vegetative structures of freshwater macrophytes from 

differences areas. Different letters indicate significant 

differences at p<0.01 (ANOVA, post-hoc Duncan’s 

Multiple Range Test), i.e., a>b>c etc.; ns: not significant. 

Mean ± s.e, values in parenthesis are the range 

91 

20 Summary of dimension analysis (given in mm) of 

vegetative structures of freshwater macrophytes from 

differences areas. Different letters indicate significant 

differences, Independent T-test at p<0.05; ns: not 

significant. Mean ± s.e, values in parenthesis are the 

range 

97 

21 The comparison on total of petal and sepal, types of 

flower and inflorescences, fruits and morphology of 

seeds 

101 

22 Summary of dimension analysis (given in mm) of seed of 

the freshwater macrophytes from differences areas. 

Different letters indicate significant differences at p<0.01 

(ANOVA, post-hoc Duncan’s Multiple Range Test), i.e., 

a>b>c etc. Mean ± s.e, values in parenthesis are the 

range 

110 

23 Summary of dimension analysis (given in mm) of seed of 

the freshwater macrophytes from differences areas. 

Different letters indicate significant differences at p<0.05 

(Independent T-test); ns: not significant. Mean ± s.e, 

values in parenthesis are the range 

111 

24 Types of habitat, areas, form and association of 

freshwater macrophytes in Bintulu and Miri (*dry 

season, 
+
rainy season) 

114 

   

   

   

   

   

© C
OPYRIG

HT U
PM



xviii 

 

Tables  Page 

25 Freshwater macrophytes edible uses are documented 

from the indigenous people. Part edible/used 1-shoot, 2-

leaf, 3-stem/bark, 4-flower, 5-fruit, 6-seed, 7-root, tuber, 

rhizome, corm, 8-whole plant. Uses and products 1-food, 

2-medicine, 3-fodder, 4-ornamental, 5-wrapper, 

households 6-matting, 7-cosmetic, 8-pillow, 9-

perfume/ritual bath, 10-biofilter plant. 
+
present 

138 

26 Comparison in geographical distribution, categories and 

life forms of plant and freshwater macrophytes species 

in Bintulu division and Miri district and those obtained 

from others previous works. 1-Study areas, Previous 

study: 2-KADA, MADA, Krian, Tanjung Karang, Balik 

Pulau & Seberang Prai;  3-KADA, MADA, Krian, 

Tanjung Karang, Balik Pulau & Seberang Prai; 4-Besut, 

Kemubu, Barat Laut Selangor; 5-Besut, Kemubu, 

Seberang Perak, Muda, Seberang Perai, Kerian, Sg. 

Manik; 6-KADA, Tumpat, Kelantan channel; 7-various 

areas; 8-Pondok Tanjung Forest Reserve; 9-various area 

at Serdang; 10-Samarahan rice fields, Kuching; 11-

Kerangas scrub vegetation, Bako National Park, 

Kuching; 12-Districts of Bintulu and Miri; 13-Bau, 

Kuching; Sabah 14-Mount Kinabalu (up to 3000 feet), 

15-swamp areas. RC-rice growing areas, NRC-Non rice 

growing areas, + present 

145 

27 Comparison the uses and edible parts of freshwater 

macrophytes with other sources 

173 

28 Variation of substrate composition at freshwater 

macrophytes meadows of Bintulu areas 

190 

29 Variation of substrate composition at freshwater 

macrophytes meadows of Miri areas 

191 

30 Line transect and quadrat sampling of freshwater 

macrophytes in selected areas 

192 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



xix 

 

LIST OF FIGURES 

 

 

Figures  Page 

1 The types of leaf blade and leaf arrangement (Porter, 

1967) 

9 

2 Inflorescence types (Stern, 2000) 11 

3 Geographical distribution of freshwater macrophytes 

and environmental studies from Bintulu division to Miri 

district 

21 

4 Soil Texture Triangle Chart (USDA) (Rowell, 1994) 28 

5 The frequency of occurrence for 15 species present at 

Bintulu old airport marsh. The arrow showed the 

relationship or association between plant species in 

association matric 

45 

6 The frequency of occurrence for 17 species at Taman 

Tumbina stream. The arrow showed the relationship or 

association between plant species 

48 

7 The frequency of occurrence for six species present at 

Jalan Nyabau stream during dry season. The arrow 

showed the relationship or association between plant 

species in association matric 

50 

8 The frequency of occurrence for 11 species at Bintulu 

Secondary school pond. The arrow showed the 

relationship or association species with others species in 

association matric 

53 

9 The frequency of occurrence for nine species at Kg. 

Jepak ditch during dry season. The arrow showed the 

relationship or association species with others species in 

association matric 

55 

10 The frequency of occurrence for 11 species present at 

Taman Melur, Kidurong temporary marsh. The arrow 

showed the relationship or association between plant 

species in association matric 

58 

11 The frequency of occurrence for 10 species present at 

Universiti Putra Malaysia Bintulu campus stream. The 

arrow showed the relationship or association between 

plant species in association matric 

61 

12 The frequency of occurrence for seven species present at 

Jalan Nyabau stream during rainy season. The arrow 

showed the relationship or association between plant 

species in association matric 

63 

   

   

   

© C
OPYRIG

HT U
PM



xx 

 

Figures  Page 

13 The frequency of occurrence for 11 species at Kg. Jepak 

ditch during rainy season. The arrow showed the 

relationship or association species with others species on 

association matric 

66 

14 The frequency of occurrence for seven species present at 

Jalan PH2&2A Tudan ditch, Miri district. The arrow 

showed the relationship or association species with 

others species in association matric 

69 

15 Dendrogram of habitat types and physical 

environmental variables from different areas of Bintulu 

division and Miri district of freshwater macrophytes 

species during dry season 

126 

16 Dendrogram of habitat types and physical 

environmental variables from different areas of Bintulu 

division and Miri district of freshwater macrophytes 

species during rainy season 

127 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



xxi 

 

LIST OF PLATES 

 

 

Plates  Page 

1 Several illustrations on arrangement of leaves 

(phyllotaxy) and types of leaves for freshwater 

macrophytes species: e.g. (a) Nymphaea nouchali 

(rosette, simple leaf,  round, smooth and waxy at adaxial 

leaves and entire of leaves margin), (b) Ipomoea aquatica 

(alternate, simple leaf, sagittate of leaf shape and entire 

of leaf margin), (c) Lindernia crustacea (opposite, simple 

leaf, ovate of leaf shape and serrate of leaf margin) (as 

observed under 10 x 0.6 magnification) (d) Hydrilla 

verticillata (whorled, simple leaf, linear of leaf shape and 

(arrow) serrate of leaf margin, as observed under 10 x 

2.0 magnification). Scale bar = 1 mm. 

86 

2 Several illustrations on surface cell of leaves for 

freshwater macrophytes species: e.g. Nymphaea nouchali 

(a) small and large of round cell at adaxial leaf (as 

observed under 10 x 2.0 magnification), (b) astrosclereid 

at abaxial leaf which are star-shaped, Ipomoea aquatica 

(c) reticulate shape at adaxial leaf of Ipomoea aquatica 

(as observed under 10 x 2.0 magnification), (d) pentagon, 

heptagon shape (as observed under 10 x 2.0 

magnification), Hydrilla verticillata (e) long or short of 

square shape at adaxial and abaxial (as observed under 

10 x 2.0 magnification), Salvinia molesta (f) papilae on 

the adaxial surface of Salvinia molesta (as observed 

under 10 x 2.0 magnification) and (g) jigsaw puzzle 

shape at abaxial surface (as observed under 10 x 10 

magnification). Scale bar = 1 mm. 

87 

3 Several illustrations on specialization of petioles, 

modifications of leaf and stem for freshwater 

macrophytes species: e.g. (a) Nelumbo nucifera have 

small blunt thorns at the petioles (P) (as observed under 

10 x 0.6 magnification), (b) Nymphaea pubescens have 

hairy at the petioles (as observed under 10 x 0.8 

magnification), (c) Nymphaea nouchali have hairless 

petioles (as observed under 10 x 0.6 magnification), (d) 

viviparous plantlet on the adaxial of Nymphaea nouchali 

leaf, (e) bladders of Utricularia gibba, (f) Drosera 

spathulata have active adhesive as a leaf modification (as 

observed under 10 x 1.0 magnification), (g) Nelumbo 

nucifera produced rhizomes (h) Nymphaea nouchali 

produced tuber as underground storage, (i) Ipomoea 

aquatica have runner for creeping, (j) Typha angustifolia 

have stolon, (k) Pistia statiotes have offset to produce 

new plantlets and (l) Eleocharis dulcis produced corms 

as underground storage. Scale bar = 1 mm.  

88 

© C
OPYRIG

HT U
PM



xxii 

 

Plates  Page 

4 Several illustrations on petals and sepals, types of flower 

and inflorescences, types of fruits and morphology of 

seeds for freshwater macrophytes species: Limnocharis 

flava have (a) three of yellow petal and green sepal, 

simple umbel of inflorescences, (b) follicle of fruit type 

(as observed under 10 x 0.6 magnification) and (c) seeds 

were light brown colour, horse-shoe shaped with thin 

papery ridges (as observed under 10 x 1.0 

magnification), Nelumbo nucifera have (d) petals and 

four sepals in single flower, (e) follicle of fruit and seeds 

were black and obovoid, Nymphaea nouchali (f) petals 

with four green sepals in single flower, (g) berry of fruit 

type, (h) seeds were brown to black colour, blunt end at 

one side, reticulate coat (as observed under 10 x 3.2 

magnification). Scale bar: 1 mm. 

106 

5 Several illustrations on petals and sepals, types of flower 

and inflorescences, types of fruits and morphology of 

seeds for freshwater macrophytes species: Mimosa 

pudica have (a) many petal and sepal,  head of 

inflorescences (as observed under 10 x 0.6 

magnification), (b) pod of fruit type and (c) seeds were 

light brown to yellow brownish, obovoid to round and 

smooth (as observed under 10 x 0.6 magnification), 

Hedyotis corymbosa have (d) five petals and sepals, 

dichasium of inflorescences (as observed under 10 x 0.8 

magnification), (e) capsule of fruit (as observed under 10 

x 0.8 magnification), and (f) seeds were brown, ovoid, 

obovoid to round, hexagon reticulate coat (as observed 

under 10 x 4.0 magnification), Utricularia caerulea (g) 

raceme (as observed under 10 x 0.8 magnification), (h) 

fruits were capsule (as observed under 10 x 1.2 

magnification), (i) seeds were brown to black colour, 

blunt end at both side and reticulate coat (as observed 

under 10 x 6.6 magnification), Salvinia molesta (j) 

Sporangium (as observed under 10 x 0.8 magnification) 

and spores were brownish and reticulate coat (small 

picture). Scale bar = 1 mm. 

107 

6 Various food and medicinal items documented from 

Nelumbo nucifera: (a) rhizomes commonly sold in local 

markets as well as in Peninsular Malaysia, (b) dried 

preserved seeds became penchant food and (c) leaves 

used as wrapper of glutinous rice with meat, (d) dried 

fruit pods and leaves are commonly sold in Chinese 

medicine shop as health supplements 

129 

   

   

   

   

© C
OPYRIG

HT U
PM



xxiii 

 

Plates  Page 

7 Various food items documented from aquatic 

macrophytes: (a) tubers of Colocasia esculenta, (b) 

corms of Eleocharis dulcis are commonly used to reduce 

fever, (c) Blyxa aubertii are eaten raw as vegetable, (d) 

Ipomoea aquatica are commonly sold in local markets 

and it can be boiled, cooked before eaten as vegetable, 

(e) Neptunia oleracea are consumed as raw salad or 

cooked, (f) young shoot and inflorescence (small picture) 

of Limnocharis flava are special food among Melanau 

and Iban, consumed as vegetables and commonly sold in 

local markets 

131 

8 Various food and medicine items documented from 

aquatic macrophytes: (a) Centella asiatica are eaten as 

raw salad and commonly sold in local markets, (b) the 

juice extract from Eclipta prostrata are used for 

treatment of jaundice, (c) Hedyotis corymbosa are 

sometimes sold in local market and the water extracted 

can reduced the fever, (d) stolons from Typha 

angustifolia (Laleng) are eaten as vegetable and can be 

used to get rid of kidney stones 

133 

9 Various household, fodder and garden plant items 

documented from aquatic macrophytes, (a) dried stems 

of Cyperus malaccensis are collected from the wild for 

woven of thick mats, baskets and as binding material 

(known as ‘tali bondong’) and is commonly sold in local 

markets, (b) Hydrilla verticillata are used to provide 

aeration to the aquarium, (c) Nelumbo nucifera (d) 

Cyperus papyrus are commonly used as ornamental 

plants in man made garden (e) Drosera spathulata 

cultivated as decorative potted plants and Utricularia 

species grow to provide the soil moisture 

136 

10 The sluiced and biodegradable areas (a) the 

biodegradable plants grown in water reservoirs are 

cleared and sluiced for purposes e.g. bath, (b) Salvinia 

molesta at Kg. Sg. Selekoh Batu Niah and Ladang Spad 

water reservoirs and (c) Lygodium microphyllum at Rh. 

Genatan water reservoir are used as biofilter in water 

polluted by organic materials respectively 

137 

11 Histochemical parts showed the starch granules in black 

colour and lipid in yellow colour in (a) and (b) petiole of 

e.g. Ipomoea aquatica, the starch granules (c) and (d) are 

clearly showed under fluorescent lens, (e) the lipid (LP) 

and (f) starch (ST) granules are detected in tuber of 

Nymphaea nouchali (as a fodder) 

176 

12 The freshwater macrophytes (a) Lemna perpusilla and 

(b) Eichhornia crassipes populations could caused the 

reduction and the water flow became slow 

179 

© C
OPYRIG

HT U
PM



xxiv 

 

 

LIST OF SYMBOLS AND ABBREVIATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

% percent 

  

& and 

  

CO2 Carbon dioxide 

  

O2 Oxygen 

  

cm
2
 centimeter square 

  

cm centimeter 

  

DPX DePeX mounting medium 

  

e.g. for example 

  

FAA Formalin acetic alcohol 

  

E Earth 

  

m meter 

  

mm milimeter 

  

N North 

  

TBA Tert-butyl alcohol 

  

© C
OPYRIG

HT U
PM




