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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



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 25°C to 34.6°C. 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 24°C to
38°C and tolerated up to 40°C. 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 55 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



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 25°C hingga 36.4°C. 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 24°C hingga 38°C dan
boleh tahan hingga suhu 40°C. 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. VVakuol 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.
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(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 20
magnification), Hydrilla verticillata () 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.

Several illustrations on specialization of petioles,
modifications of leaf and stem for freshwater
macrophytes species: e.g. (@) 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 (I) Eleocharis dulcis produced corms
as underground storage. Scale bar = 1 mm.
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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 wunder 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.

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.

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
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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

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

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

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

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)

The freshwater macrophytes (a) Lemna perpusilla and
(b) Eichhornia crassipes populations could caused the
reduction and the water flow became slow
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LIST OF SYMBOLS AND ABBREVIATIONS

% percent

& and

CO; Carbon dioxide

O, Oxygen

cm? 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
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