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HABITAT DAN MORFOLOGI BAGI Halophila ovalis DI MALAYSIA
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Mac 2007

Pengerusi Profesor Madya Japar Sidik Bujang, PhD

Fakulti : Sains

Penilaian pada habitat, persekitaran dan ciri-ciri morfologi bagi H. ovalis telah
dibincang dari 11 lokasi. Halophila ovalis didapati tumbuh di pelbagai habitat
yang merangkumi ‘inter-tidal’ terumbu karang (Teluk Kemang, Negeri
Sembilan), beting ‘sub-tidal’ (Merambong, Tanjung Adang Laut dan Tanjung
Adang Darat dari Johore), Pulau (Pulau Tinggi dari Johore), ‘inter-tidal’ danau
air masin (Merchang dari Terengganu), ‘sub-tidal’ terumbu karang yang
musnah (Pulau Gaya, Pulau Bakkungan and Pulau Selingan dari Sabah),
muara sub-tidal (Teluk Sepinong dari Sabah), dan pantai pasang surut
(Punang dari Sarawak). Diantara habitat-habitat ini, Merambong telah dipilih
dan kerap dikunjungi untuk kajian yang terperinci pada ciri-ciri habitat dan
factor persekitaran. Halophila ovalis dijumpai tumbuh pada kedalaman 1.0
hingga 2.7 m MSL di kawasan cetek. la tumbuh di atas substrat yang
pelbagai di setiap kawasan iaitu batu karang diselaputi pasir i.e. Teluk

Kemang, pasir berlumpur berkalsium i.e. Merambong, Tanjung Adang Laut,
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Tanjung Adang Darat, pasir halus i.e. Pulau Tinggi, pasir berlumpur i.e.
Merchang, Punang, pasir terumbu i.e. Pulau Gaya, Pulau Bakkungan, Pulau
Selingan, loam berlumpur i.e. Teluk Sepinong. Halophila ovalis boleh
bertoleransi dengan saliniti dalam lingkungan 9.41-35 psu. la tumbuh dengan
suhu air disukat diantara 24-34 °C. la juga boleh hidup di bawah keamatan
cahaya yang pelbagai dari 40-10 % dari permukaan air iaitu 2647 pmol m?s™,
Keamatan cahaya merupakan faktor primer yang boleh mengubah morfologi

H. ovalis (i.e. saiz daun) untuk menyerap cahaya maximum dari permukaan.

Berdasarkan pada dimensi saiz daun; panjang daun, lebar daun dan bilangan
pasangan urat daun, H. ovalis dapat dikategorikan sebagai H. ovalis daun
besar, sederhana dan kecil. Halophila ovalis daun besar dijumpai di kawasan
sub-tidal contohnya Merambong di kawasan terdedah dan Teluk Sepinong.
Manakala H. ovalis daun sederhana dan kecil didapati di kawasan pasang
surut yang tak terdedah pada udara selama 3 hingga 4 jam setiap hari
semasa air surut dan kawasan terumbu karang musnah contohnya Teluk
Kemang, Merambong di kawasan terdedah, Pulau Tinggi, Merchang, Punang,
Merchang, Pulau Gaya, Pulau Bakkungan, Pulau Selingan and Punang. Daun
juga menunjukkan kepelbagaian dimensi dan bentuk iaitu bujur, obovat, bujur
panjang, memanjang dan spathulat. Walaupun dimensi daun berlainan
(besar-, serderhana- dan kecil-), H. ovalis dari 8 kawasan menunjukkan
bentuk sel permukaan dan morfologi dalaman yang sama. Walau
bagaimanapun, lacunae udara menunjukkan variasi dalam bilangan dari 8
lacunae udara yang besar disusun dengan ruang seimbang dalam daun kecil),

10 besar dan 2 kecil lacunae udara dalam daun sederhana dan 11 besar dan
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4 kecil lacunae udara dalam variasi daun besar dibezakan oleh sel-sel

parenkima dengan ketebalan satu sel dalam bentuk radial.

Kepelbagaian variasi pada morfologi H. ovalis dari semua lokasi didapati
boleh dikenalpasti dengan penilaian dibuat pada variasi morfologi melalui
kajian kultur untuk rumput laut seperti H. ovalis. Walau bagaimanapun, H.
ovalis dari pelbagai lokasi di bawah keadaan kultur juga menunjukkan variasi
morfologi. Halophila ovalis memang mempunyai variasi yang besar pada
dimensi struktur vegetatif khasnya pada bentuk daun dan bilangan pasangan
urat daun dan variasi ini adalah berkaitan dengan pengubahsuaian terhadap

ekologi di habitat yang berbeza dan keadaan persekitaran.
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Abstract of thesis presented to Senate of the Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Masters of Science

HABITAT AND MORPHOLOGICAL CHARACTERISTICS OF Halophila
ovalis IN MALAYSIA
By
ANNALETCHUMY LOGANATHAN

March 2007

Chairman Associate Professor Japar Sidik Bujang, PhD

Faculty : Science

An assessment on habitat, environment and morphological characteristics of
Halophila ovalis are described for the 11 locations. Halophila ovalis grew in
variable habitats encompassing inter-tidal degraded coral reef platform (Teluk
Kemang), sub-tidal shoal (Merambong, Tanjung Adang Laut, Tanjung Adang
Darat of Johore), off-shore island (Pulau Tinggi), Inter-tidal lagoon (Merchang),
sub-tidal degraded coral reef (Pulau Gaya, Pulau Bakkungan, Pulau Selingan
of Sabah), sub-tidal estuary (Teluk Sepinong of Sabah) and inter-tidal beach
front (Punang of Sarawak). Amongst these habitats, Merambong was visited
at regular basis to obtain habitat characteristics and environmental factors.
Halophila ovalis are found occurring at the depth ranging from 1.0 to 2.7 m
MSL in shallow water. They grew on substrate; sand covered coral e.g. Teluk
Kemang, calcareous muddy sand e.g. Merambong, Tanjung Adang Laut,
Tanjung Adang Darat, fine sand e.g. Pulau Tinggi, muddy sand e.g. Merchang,

Punang, corraline sand e.g Pulau Gaya, Pulau Bakkungan, Pulau Selingan,



muddy loam e.g. Teluk Sepinong. Halophila ovalis tolerates salinity ranging
from 9.41-35 psu. It grew in water temperature of 24-34 °C. They thrive under
great light variability of 40-10% of surface irradiance of 2647 pmol m?s™ of
daylight attenuation. Light is found to be the primer factor that affects the
morphology structure of H. ovalis (e.g. leaf size) to attain maximum surface

irradiance.

Based on leaf size dimensions, leaf length, leaf width and numbers of paired
cross-veins three variants were distinguished, big-, intermediate- and small-
leaved H. ovalis. The big-leaved occured at sub-tidal areas e.g. Merambong
unexposed and Teluk Sepinong, while intermediate-leaved and small-leaved
variants are those from inter-tidal areas, exposed and degraded coral reef
platforms e.g. Teluk Kemang, Merambong exposed, Pulau Tinggi, Merchang,
Pulau Gaya, Pulau Bakkungan, Pulau Selingan and Punang. Leaves also
showed diversity in dimension and shapes from ovate, obovate, oblong,
elongated to spathulate. Although leaf dimensions are different (big-,
intermediate- and small-leaved), H. ovalis from the 8 locations showed similar
surface cells patterns and internal morphology. However the observed air
lacunae varied in number from 8 evenly spaced large air lacunae in small-
leaved variants, 10 large and 2 small air lacunae in intermediate-leaved
variants and 11 large and 4 small air lacunae in big-leaved separated by

radial partitions one cell thick of parenchymatous cells.

Variations observed in H. ovalis from all locations suggest that culture studies

can help in assessing the variantions of morphology characteristics for
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seagrass such as H. ovalis. Cultured H. ovalis from different locations also
showed variation in morphology. Halophila ovalis has a wide range of
variability in vegetative structure dimensions particularly the shapes of leaves
and paired of cross veins counts and this variability explains their ecological

adaptation to different habitats and environmental conditions.



ACKNOWLEDGEMENTS

All the attributions and esteem directed to God, the one who never fails to lead me

the way to enable me to submit this thesis.

The completion of this study would not have been possible without the help of those
who have contributed in one way or another. Many thanks are directed to each and
every one of you. My deepest and sincere gratitude toward, Assoc. Prof. Dr. Japar
Sidik Bujang the Chairman of my supervisor committee, 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,
co-supervisor Dr. Muta Harah Zakaria and Assoc. Prof. Aziz Arshad for guidance and

assistance.

The financial support from the Post-Graduate Scheme, Ministry of Science,
Technology and Environment, Malaysia is acknowledged. This study is part of a large
study on Seagrass Taxonomy, Biology and Habitat Characteristics of Seagrass
Resources in Malaysia and Seagrass Resources Utilization and Development under
the Intensification of Research in Priority Area (IRPA 7) project no. 09-02-04-0290-
EAO001: Vote no. 54065. My sincere appreciation to the Malaysian Government for
financial support through the Ministry of Science, Technology and Environment
Malaysia. | am also grateful to the Biology Department, Faculty of Science, Universiti

Putra Malaysia for providing facilities.

My sincere thanks to all the people in the Marine Science Laboratory, Biology
Department for providing facilities and assistance, in particular Mr. Perumal and Mrs.

Hazel, who are much involved in the field work and their technical help and the



Biology Department’s staff especially, Mrs. Salimah, Mr. Yahya, Mr. Hassan, Mr.
Kamal and Mrs. Rosie for their assistance in the laboratory. | wish to thank Asian
Surgical Scientific Supplies in particular Mr. Albert and Mr. Timothy Raj Prakash who

are ever willing to give technical support.

Uttermost thanks are also attributed to my beloved husband Mr. Ehkalaivan for his
tremendous support, co-operation, time, assistance and also his suggestions and

comments to enable the thesis to be completed and being there for me.

Also my appreciation to my roommate Mrs. Lalita Ambigai who being there for me
and not forgetting Ms. Norhapizah, Mr. Lim Lai Huat, Ms. Lam Shaiu Lee and all the
final year undergraduates specifically Weng Key, Choo Hui, Pei Ju, Yit Ka and Shi
yee for being my team work buddies who have provided a helpful assistance in the

laboratory or field are gratefully acknowledged.

Last but not least, to my beloved family members; Mrs. Alameloo, Mr. Loganathan,
Mr. Thandavarayan, Miss. Chitra, Miss Chitra Devi and Mr. Isperen for their unfailing

encouragement for my higher studies and for being there for me always.

Annaletchumy Loganathan
(MAY 2007)
(GS11758)



| certify that an Examination Committee has met on 8 March 2007 to conduct
the final examination of Annaletchumy Loganathan on her Master of Science
Thesis entitled “ Habitat and Morphological Characteristics of Halophila ovalis
in Malaysia” in accordance with Universiti Pertanian Malaysia (Higher Degree)
Act 1980 and Universiti Pertanian Malaysia (Higher Degree) Regulation 1981.
The Committee recommends that the candidate be awarded the relevant
degree. Members of the Examination Committee are as follows:

Abdul Rahim Ismail, PhD
Lecturer

Faculty of Science
Universiti Putra Malaysia
(Chairman)

Hishamuddin Omar, PhD
Lecturer

Faculty of Science
Universiti Putra Malaysia
(Internal Examiner)

Umi Kalsom Yusuf, PhD
Associate Professor
Faculty of Science
Universiti Putra Malaysia
(Internal Examiner)

Miguel Dino Fortes, PhD
Professor

Marine Sciences Institute CS,
University of Philipine,
Diliman 1101, Quezon City.
(External Examiner)

HASANAH MOHD GHAZALI, PhD
Professor/Deputy Dean

School of Graduate Studies
Universiti Putra Malaysia

Date: 17 MAY 2007

Xi



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:

Japar Sidik Bujang, PhD
Associate Professor
Faculty of Science
Universiti Putra Malaysia
(Chairman)

Aziz Arshad, PhD
Associate Professor
Faculty of Science
Universiti Putra Malaysia
(Member)

Muta Harah Zakaria, PhD

Lecturer

Faculty of Agriculture and Food Sciences
Universiti Putra Malaysia, Bintulu Campus
(Member)

AINI IDERIS, PhD
Professor/ Dean

School of Graduate Studies
Universiti Putra Malaysia

Date: 14 JUNE 2007

Xii



DECLARATION

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

at UPM or other institutions.

ANNALETCHUMY LOGANATHAN

Date: 7 MAY 2007

Xiii



Tables

11

2.8

2.9

4.1

41.1

421

4.2.2

451

LIST OF TABLES

Distribution of seagrass species in Peninsular Malaysia
(Wc-west coast; Ec-east coast; S-southern) and in East
Malaysia (SWc-Sabah west coast; SSE-Sabah south
easthern coast; S-Sarawak). Source: * Muta Harah, (2001),
®Japar Sidik et al. (1995), ®Japar Sidik et al. (1997), “Japar
Sidik et al. (1997a), ®Japar Sidik et al. (1999a), Japar Sidik
et al. (1999), “Japar Sidik et al. (1996), "Phang (2000).
'Japar Sidik & Muta Harah, 2004.

The review on the morphology of H. ovalis

Comparison of Techniques for Culturing Seagrasses

The 11 locations, associations and environmental
characteristics of Halophila ovalis.

The range of Phycho-chemical variables, substrate pH and
nutrient contents of water from Merambong sub-tidal shoal
during low and high tide. Value in the parenthesis is the
number of sample.

Mean (given as mean = standard error) and range of small-
leaved, intermediate-leaved and big-leaved H. ovalis
vegetative structures from 11 locations; space between
cross-vein (SBCV), space between intra-marginal vein and
blade margin (SBIMV-BM), angular measurement. Number
in parenthesis is the number of samples. Different letters
for each parameter analyzed indicate significant
differences at p< 0.05.

Meanzs.e and range of reproductive structure of small-
leaved H. ovalis: number in parenthesis is the number of
measurements. Different letters indicate significant
differences at p< 0.05.

Dimension analysis of vegetative structure of H. ovalis; leaf
length, leaf width, petiole length, rhizome length, thick of
rhizome and pairs of cross veins was recorded during
culture study without substrate-free floating in water.
Meants.e, number in parenthesis is the range of the
measurement taken and number of sample or reading
recorded. Different letters indicate significant differences at
DMRT; p< 0.05 (t-test), i.e. a>b>c.

XVi

Page

1.7

2.13

2.19

4.2

4.10

4.28

4.33

4.57



45.2

453

5.2

Comparison of dimension analysis on vegetative structure 4.59
of H. ovalis; leaf length, leaf width, petiole length, rhizome

length, thick of rhizome and cross veins counts were

recorded during culture study using artificial substrate. The

donor locations are Merambong unexposed, Tanjung

Adang Laut, and Merchang. Meanzs.e, number in

parenthesis is the range of the measurement taken and

number of sample or reading recorded. Different letters

indicate significant differences at DMRT; p< 0.05 (t-test),

i.e. a>b>c.

The dimension analysis of H. ovalis from Merambong in 4.66
unexposed (big-leaved) and exposed area small-leaved)

under culture study using nativel substrate. The
observation recorded on leaf length, leaf width and pairs of

Cross veins respectively. Meanzs.e, number in parenthesis

is the range of the measurement taken and number of

sample recorded. Different letters indicate significant
differences at DMRT; p< 0.05 (t-test), i.e. a>b>c.

Comparative morphology of H. ovalis from the previous 5.12
studies and the present studies

XVii



Figures

1.1

1.2

1.3

1.4

24.1

3.1

3.1a

LIST OF FIGURES

Worldwide distribution of seagrasses; darker shading
indicates areas where seagrass ecosystems are under
stress (cited from Fortes, 1990). Map source: Atlas Dewan
Baharu, 1977.

The geographical distribution of H.ovalis spp. complex in
the Indo-West Pacific region between Tropic of Cancer and
the Equator covering countries; 1- India, 2- Sri Langka, 3-
Mynmar, 4- Thailand, 5- Vietnam, 6- Hong Kong, 7-
Philippines, 8- Singapore, 9- Malaysia, 10- Brunei, 11-
Japan, 12- Korea, 13- Indonesia. Reviewed from Menez et
al. (1983), Fortes (1990), Muta Harah (2001). Map source:
Atlas Dewan Baharu, 1977.

Malaysian five species of Halophila section Halophila: a.
Halophila spinulosa has compound leaves b. Halophila
minor has similar structure and morphology design with
H.ovalis c. Halophila ovalis has 2 pairs of leaves with ovate
shape, d. Halophila decipiens has 2 pairs of leaves with no
cross veins with elongated shape and e. Halophila beccarii
has leaflets without cross veins.

Halophila ovalis: world distribution. (cited from Menez et al.
(1983), Fortes, 1990, 1993). Map source: Atlas Dewan
Baharu, 1977.

A. Habits of Enhalus acoroides (L.f.) Royle (1/2 x); B.
Enhalus female flower (1/2 x); C. Enhalus maturing fruits;
D. Halophila male flower; E. Halophila female flower; F.
Halophila fruit with a persistent hyphanthium; G. Thalassia
hemprichii (Ehrenb.) Aschers (1/2 x); H. Thalassia
flowering male plant (1 x); I. Thalassia flowering female
plant (1 x); J. Thalassia mature fruit with seeds (1 Xx).
Source: I: den Hartog, 1970, A: Short et al., 2001, B; C:
Kuo and den Hartog, 2001 and D; E; F; H; J: Waycott et al.,
2004)

The 11 study locations of Halophila ovalis: Peninsular
Malaysia- a. Teluk Kemang, Negeri Sembilan, b.
Merambong, Tanjung Adang Laut and Tanjung Adang
Darat of Johore, c. Pulau Tinggi, Johore, d. Merchang,
Terengganu; Sarawak- e. Punang and Sabah- f. Pulau
Gaya, Pulau Bakkungan, Pulau Selingan and g. Teluk
Sepinong

The location of H. ovalis at Teluk Kemang Negeri Sembilan,
West Coast of Peninsular Malaysia.

XVili

Page

1.2

15

1.8

1.9

2.5

3.2

3.3



3.1b

3.1c

3.1d

3.1e

3.1f

3.1g

3.1h

351

3.5.3

41.1

4.1.2

4.1.3

The locations of H. ovalis at Merambong, Tanjung Adang
Laut and Tanjung Adang Darat of Johore, Southern coast
of Peninsular Malaysia.

The location of H. ovalis at Pulau Tinggi Johore, Eastern
coast of Peninsular Malaysia

The location of H. ovalis at Merchang Terengganu, Eastern
coast of Peninsular Malaysia

The location of H. ovalis at Pulau Gaya, North Western
coast of Sabah

The location of H. ovalis at Pulau Bakkungan, North
Eastern coast of Sabah

The locations of H. ovalis at Pulau Selingan and Teluk
Sepinong, North Eastern coast of Sabah.

The location of H. ovalis at Punang, Sarawak

Free floating culture; a. culture tank (65 cm x 22 cm x 19
cm) filled with 12 L of Instant Ocean Sea Salt solution. The
plants were let free float in the tank and lights were fixed
on top of the culture tank.

The aquarium setting; a. CO, Regulator and the gas re-
filler were fixed at a balanced surface and at an equal level
of the aquarium, b. The external filter fixed same level with
the aquarium, c. The diffuser is to pump in CO, into the
water, d. The sand filter was fixed as an internal filter to the
diffuser and e. The atomizer fixed from CO, Regulator and
the diffuser.

The habitat and environmental characteristics of H. ovalis
in intertidal degraded coral reef platform at Teluk Kemang

Seagrass-macroalgae intertidal community on coral reef
platform at Teluk Kemang. Seagrasses are occupying
sand-filled spaces in between coral reef while macroalgaes
are found on the boulders and coral rubbles

The habitat and environmental characteristics of H. ovalis

in sub-tidal shoal at Merambong; (a) in unexposed area
and (b) in exposed area.

XiX

3.3

3.4

3.4

3.5

3.5

3.6

3.6

3.12

3.13

4.5

4.5

4.7



41.4

4.1.5

4.1.6

4.1.7

4.1.8

4.1.9

4.1.10

41.11

41.12

41.13

4.1.14

42.1

Sub-tidal shoal at Merambong during extreme spring low
tides; (a) unexposed seagrasses at the fringes of the bed,
(b) exposed seagrasses at the higher part of the shoal, (c)
dense seagrasses cover, near the fringes of the bed and
(d) sparse seagrasses cover, at the middle part of the
shoal

Dugong'’s feeding trails at Merambong

The habitat and environmental characteristics of H. ovalis
in sub-tidal shoal at Tanjung Adang Laut and Tanjung
Adang Darat in unexposed area.

Tanjung Adang Laut; (a) near a shipping lane, (b) land
reclamation, (c) sparse seagrass cover and (d) sand
deposition.

Sparse H. ovalis population in association with E.
acoroides at Tanjung Adang Laut.

The habitat and environmental characteristics of H. ovalis
in sub-tidal area at Pulau Tinggi.

The habitat and environmental characteristics of H. ovalis
at Merchang.

Intertidal lagoon at Merchang utilized for aquaculture
purposes e.g. oyster cultivation (in circle) and it is near to
seagrasses area (showed by arrow).

The habitat and environmental characteristics of H. ovalis
in sub-tidal degraded coral reef area; (a) Pulau Gaya and
(b) Pulau Bakkungan and Pulau Selingan.

The habitat and environmental characteristics of H. ovalis
in sub-tidal estuary at Teluk Sepinong.

The habitat and environmental characteristics of H. ovalis
in intertidal beach front area at Punang.

Variation in dimension sizes and shapes of H. ovalis leaf
blades (drawn to scale) from eleven locations along waters
of Peninsular Malaysia, Sabah and Sarawak. category I-
small-leaved variants; (a) Teluk Kemang, (b) Merambong
in exposed area, (c) Pulau Gaya, (d) Pulau Bakkungan
and (c) Pulau Selingan. Category ll-Intermediate-leaved
variants; (a) Pulau Tinggi, (b) Merchang and (c) Punang,
and Category lll-big-leaved variants; (a) Merambong in
unexposed area, (b) Tanjung Adang Laut, (c) Tanjung
Adang Darat and (d) Teluk Sepinong.

XX

4.8

4.8

4.11

4.12

4.12

4.13

4.13

4.14

4.16

4.17

4.17

4.20



4.2.2

4211

42.1.2

42.1.3

4214

4215

4.2.1.6

42.1.7

Hierarchical Cluster Analysis using mean leaf size
dimension (leaf length, leaf width and cross vein numbers)
of H. ovalis from the eleven locations comprises category I-
small-leaved variants: (a) Teluk Kemang, (b) Merambong
in exposed area, (c) Pulau Gaya, (d) Pulau Bakkungan
and (e) Pulau Selingan; Category lI-Intermediate-leaved
variants: (f) Pulau Tinggi, (g) Merchang and (h) Punang;
Category lll-big-leaved variants: (i) Merambong in
unexposed area, (j) Tanjung Adang Laut, (k) Tanjung
Adang Darat and (l) Teluk Sepinong.

Small-leaved H. ovalis from Teluk Kemang: (a) habit; leaf
blade (Ib), rhizome (rh), root (rt), petiole (pt), node (n), new
leaf (nl) and leaf scale (sc). (b) and (c) leaf blades, non
symmetrical, vary even in same axes.

Small-leaved H. ovalis at Merambong in exposed area: (a)
habit; leaf blade (Ib), rhizome (rh), root (rt), petiole (pt),
node (n) and new leaf (nl). (b) and (c) leaf blades from the
same axes almost similar in shape non symmetrical.

Small-leaved H. ovalis with purplish leaf blades at
Merambong in exposed area: (a) Habit; leaf blade (lb),
rhizome (rh), root (rt), petiole (pt), node (n) and new leaf
(nl). (b) and (c) Non symmetrical leaf blades from the same
axes contains purplish pigmentation.

Small-leaved H. ovalis from Pulau Gaya: (a) habit; leaf
blade (Ib), rhizome (rh), root (rt), petiole (pt), node (n), new
leaf (nl) and leaf scale (sc). (b) and (c) non symmetrical
leaf blades differ in shapes even from the same axes

Small-leaved H. ovalis from Pulau Bakkungan: (a) habit;
leaf blade (Ib), rhizome (rh), root (rt), petiole (pt), node (n),
new shoot (ns) and leaf scale (sc). (b), (¢) and (d) non
symmetrical leaf blades from the same axes showing
variation in shape.

Small-leaved H. ovalis from Pulau Selingan: (a) habit;leaf
blade (Ib), rhizome (rh), root (rt), petiole (pt), node (n), new
leaf (nl), new shoot (ns) and leaf scale (sc). (b) and (c) non
symmetrical leaf blades oblong and ovate in shape.

Female flower and fruit of small-leaved H. ovalis from
Merambong in exposed area; (a) ovary (0) with
hyphanthium at the top with three unequal long styles (st)
born on node (n) and root (rt), (b) developing fruit (dfr) with
persistent hyphanthium (hp) and covered by bracts (br), (c)
The mature fruit dispersing the seed (s), (d) a fruit contains
5-15 white seed (s) and (e) subglobose shaped seed.

XXi

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.31



42.1.8

4.2.1.9

4221

4222

42.2.3

4224

4225

4231

4232

Scanning electron micrographs of seeds of small-leaved
Halophila ovalis from Merambong in exposed area: (a), (b)
Surface view of seeds which exhibit hexagonal-shaped
epithelial cells arranged in indefinite rows and (c), (d)
Focused surface view of seeds

Male flower of small-leaved H. ovalis from Merambong in
exposed area; (a) male flower bud (mb) stood on pedicel
(pd) and covered by spathes (sp), (b) mature male flower
(mm) categorized by anthers with three twin pollen sacks
emerging from 3 tepals (tp), (c) the anthers dispersing
pollen grains (po), (d) monoliform pollen (mpo) and (e)
pollens grains (po)

Intermediate-leaved H. ovalis from Pulau Tinggi: (a) habit;
leaf blade (Ib), rhizome (rh), root (rt), petiole (pt), node (n),
leaf scale (sc) and new leaf (nl). (b) and (c) leaf blades,
non symmetrical, differ in shape even from the different
axes.

Intermediate-leaved H. ovalis from Merchang: (a) habit;
leaf blade (Ib), rhizome (rh), root (rt), petiole (pt), node (n),
new shoot (ns) and leaf scale (sc). (b) and (c) non
symmetrical leaf blades with purple and blue dots.

Intermediate-leaved H. ovalis from Punang: (a) Habit; leaf
blade (Ib), rhizome (rh), root (rt), petiole (pt) and node (n).
(b) and (c) leaf blades, non symmetrical, differ in shape
even from the same axes.

Flowering plants intermediate-leaved H. ovalis at
Merchang: (a) Female flower, (b) male flower bud and (c)
matured male flower; ovary (0), bracts (br), Hyphanthium
(hp), styles (st), pedicel (pd), spathes (sp) and anther (a).

Male flower of intermediate-leaved H. ovalis from Punang:
(a) Male flower bud and (b) mature male flower; pedicel
(pd), spathes (sp) and opened tepals (tp).

Big-leaved H. ovalis shaded under Enhalus acoroides from
Merambong unexposed area: (a) habit; leaf blade (Ib),
rhizome (rh), root (rt), petiole (pt), node (n), new leaf (nl)
and leaf scale (sc). (b) and (c) leaf blade with pointed tip
and often forked cross veins.

Big-leaved H. ovalis from Tanjung Adang Laut: (a) habit;
leaf blade (Ib), rhizome (rh), root (rt), petiole (pt), node (n),
new leaf (nl), new shoot (ns) and leaf scale (sc). (b), (c)
and (d) non symmetrical leaf varied sizes and shapes from
the same plant.
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Big-leaved H. ovalis from Tanjung Adang Darat: (a) habit;
leaf blade (Ib), rhizome (rh), root (rt), petiole (pt), node (n),
new leaf (nl) and leaf scale (sc). (b) and (c) leaf blade, non
symmetrical, differ in sizes and shapes even from the
same axes.

Big-leaved H. ovalis from Teluk Sepinong: (a) habit; leaf
blade (Ib), rhizome (rh), root (rt), petiole (pt), node (n), new
shoot (ns) and leaf scale (sc). (b) and (c) non symmetrical
leaf blades differ in shape even from the same axes.

Female flower and fruit of big-leaved H. ovalis from
Merambong in unexposed area: (a) ovary (0), hyphanthium
(hp), 3 styles (st), rhizome (rh) and new shoot (ns), (b)
mature fruit (fr), persistant hypanthium (hp), (c) the mature
fruit dispersing seed (s), (mfr) and (d) subglobose shaped
seed (s).

Male flower of big-leaved H. ovalis from Merambong in
unexposed area: (a) male flower bud (mb); opened
spathes (sp) and pedicel (pd), (b) mature male flower (mm);
anthers (a), 3 tepals (tp), (c) Mature male flower dispersing
pollen (po) and (d) pollen (po) in monoliform.

Leaf surface cell morphology of Halophila ovalis from eight
locations

A transverse section of of small-leaved Halophila ovalis
from Teluk Kemang, Negeri Sembilan: (a) leaf, 10x10x0.22,
(b) petiole, 10x4x0.10, (c) rhizome, 10x4x0.10 and (d) root,
10x20x0.40: vascular bundle (vb), mid vein (mv), air
lacunae (al), intramarginal vein (iv), adaxial surface (ad),
abaxial surface (ab), cutical layer (c), epidermis (ep),
hypodermis cells (hy), central stele (cs), intracellular
spaces (arrows), exodermis layer (ex), endodermis cells
(ed) and root hair (rh).

A transverse section of intermediate-leaved H. ovalis from
Merchang, Terengganu: (a) leaf, 10x4x0.10, (b) petiole,
10x4x0.10, (c) rhizome, 10x4x0.10, and (d) root,
10x10x0.22; vascular bundle (vb), mid vein (mv), air
lacunae (al), intramarginal vein (iv), adaxial surface (ad),
abaxial surface (ab), cutical layer (c), epidermis (ep),
hypodermis cells (hy), central stele (cs), intracellular
spaces (arrows), exodermis layer (ex), endodermis cells
(ed) and root hair (rh).
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