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Message 

SARAWAK FORESTRY is indeed honoured to have been 
a research partner with UNIMAS in the Pulau Sampadi 
Marine Life Expedition, which has been exploring the 
hidden treasures of Pulau Sampadi's waters, since 2012. 
Data obtained from this expedition will help to strengthen 
our justification to promote the gazzettement of Pulau 
Sampadi as a Marine National Park. 

SARAWAK FORESTRY believes that by collaborating with 
renowned institutions in Marine Science such as UNIMAS, 
we are able to gather extensive and holistic data, and share 
knowledge, at a minimum cost. In this win -win situation, 
capacity building and knowledge transfer has been the 
foundation of the cooperation . 

Endangered marine creatures, including four species of 
marine turtles, 17 species of marine mammals (whales, 
dolphins, porpoises and dugong), sea horses and whale 
sharks, have all found a home in Sarawak's waters. They, 
and both soft and hard corals, are all protected by laws. 

Should Pulau Sampadi's status as Marine National Park be 
confirmed, itwill extend Talang-Satang National Park's area, 
widening the protection of critical habitats for endangered 
species. By doing so, we will be able to minimize the 
mortality rate of these endangered species and thereby 
preserving our rich and unique biodiversity for future generations. And we 
owe it to them! 

I appreciate the roles of UNIMAS in this noble project and their commitment 
in conserving the wealth of marine biodiversity in Sarawak for which are 
gaining more fame at international level. 

Kudos to SARAWAK FORESTRY and UNIMAS! You have done a good job 
and keep up the good work as the guardian of Sarawak Inva'luable Natural 
Resources. 

YANG BERBAHAGIA DATU HAJJ ALI YUSOP 
Chief Executive Officer 
SARAWAK FORESTRY 
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Message 

Assalamualaikum W.B.T and Salam Sejahtera 

Firstly, I would like to take this opportunity to congratulate 
the organising committee and all members of the Department 
of Aquatic Science for successfully organised the third series 
of Aquatic Science Colloquium 2014 (AQUAColl 2014). I 
would also like to express my gratitude and thanks to the 
Scientific and Technical Committee for the preparation of the 
third monograph. 

Following the success of the first and second colloquiums 
(AQUAColl 2010 and 2012), and the compilation of 14 and 
16 research papers for the first and second monographs, 
respectively, the faculty has given full support to the 
Department of Aquatic Science to organise the third one, 
AQUACoil 2014 in October 2014. I am very glad indeed to 
support such an important academic event where students, 
lecturers and researchers from other agencies can share 
their knowledge and research findings. The product of 
AQUAColl 2014 is the publication of research papers in the 
third monograph that focuses specifically on the Sampadi 
Island. The scientific data documented may help to provide 
important information for future gazetting the area as a 
marine park. 

In line with our vision and mission , the faculty always 
supports any knowledge and research shari ng activities 
as well as encouraging research collaboration with other 
researchers from both government and private agencies. We 
do believe that the consolidation of expertise in the field of 
aquatic science from all research institutions wil l enable us 
to explore and manage our natural aquatic resources more effectively. 

I believed that the colloquium was an excellent platform for our young and 
enthusiastic researchers to motivate, facilitate and develop themselves as a 
productive and quality researcher. To other participants, I hope the meeting 
provided a golden opportunity to enhance and strengthen research collaboration 
between the university and other agencies. 

Finally, I would like to thank all AQUAColl 2014 participants for their 
contributions in making the meeting a success. My appreciation and thanks 
also goes to all researchers who have contributed research papers for the third 
monograph. I hope the monograph will be a major source of reference for 
future research activities in Sampadi Island . 

Thank you. 

ASSOC. PROF. DR. MOHO HASNAIN MO HUSSAIN 
Dean 
Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 
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Foreword 


First and foremost I would like to thank all members of the 
Department of Aquatic Science, Faculty of Resource Science 
and Technology, UNIMAS especially the Scientific and 
Technical Committee for their hard work in preparing and 
publishing this monograph. This monograph, a compilation 
of research papers, is the product of the third Aquatic 
Science Colloquium (AQUAColl 2014) held at UNIMAS in 
October 2014. 

AQUACoH 2014 is a scientific colloquium and can be seen 
as a platform for exchanges of information on aquatic 
research findings and issues. With the theme Experience 
Sharing in Aquatic Science Research, this third colloquium 
focused on research activities conducted within the waters 
of Sampadi Island, the potential area to be the next marine 
park in Sarawak. Representatives from relevant authorities 
and organisations such as, Sarawak Forestry Department, 
Sarawak Forestry Corporation, Sarawak Biodiversity Centre, 
Fishery Department, as weU as from other institutions have 
participated to discuss new research issues and to share 
their research experiences, findings and methodologies. 

Finally, I would also like to thank all researchers who have 
contributed their research papers for this monograph and 
I hope that this monograph will be a meaningful source of 
reference particularly to researchers in the field of aquatic 
sciences. 

Wish you all the best. 

Thank you. 

ASSOC. PROF. DR. NORHADI ISMAIL 
Chairperson 
AQUAColl 2014 
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Water QuaJity at Rambungan River and Waters of Sampadi Island, 

Lundu, Sarawak 


Ling Teck Yee '*, Lee Nyanti2and Hafida binti Bol @ Bolhen2 

IDepartment olChemistry 

2Department ofAquatic Science 


Faculty ofResource Science and Technology, Universiti Malaysia Sarawak 

94300 Kota Samarahan Sarawak 


*Corresponding author: tyling@frst.unimas.my 

Abstract 

The areas around Sampadi Island and the Rambungan River are important fishing 
grounds for fisherman. Water quality of rivers can be affected by anthropogenic 
inputs whereby the land is being developed at a fast pace. Therefore, it is 
important to study the water quality around the island and also the Rambungan 
River. In this study, in-situ water quality parameters were measured at five 
stations in November 2012 and in April 2013. Results qf the study indicated that 
water depth was significantly higher in Apr 2013 than Nov 2012. Dissolved 
oxygen ranged from 4.0 to 6.8 mg/L, water temperature'!yom 26.0 to 30.3 DC, pH 
from 6.19 to 7.28 and salinity from 29.67 to 30.33 PSU The DO observed around 
the island complied with Class 2 qf MMWQCS (5 mg/L) and the station at 
Rambungan River complied with the Class E of MMWQCS (4 mg/L). Turbidity 
values vary greatly, ranging from 0 to 13.94 NTU Temperature in Nov 2012 was 
significantly lower than April whereas DO, pH, and turbidity in Nov 2012 were 
significantly higher than those in April 2013 even though there was no significant 
difference in salinity. Transparency was significantly and negatively correlated 
with turbidity. The station located in Rambungan River showed the lowest water 
temperature, depth, salinity and DO for both seasons. In Nov 2012, the station to 
the southwest of the island showed the lowest turbidity and pH; however, in April 
2013, it showed the lowest transparency and the highest turbidity. This study 
shows that water quality varies with monsoon seasons and freshwater input from 
the rivers affected the quality q(the water in the Rambungan mangrove area. 

Keywords: pH, dissolved oxygen, turbidity, transparency 

Introduction 

World-wide quality of marine water near the coast and islands are threatened in 
various ways such as the adjacent land development, aquaculture development, 
agricultural activities and tourism. The threats include suspended sediment, 
nutrients enrichment, and trace metals pollutions. Clearing of land for 
development potentially increase suspended sediment production as it has been 
reported that road construction, logging and slash disposal resulted in suspended 
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sediment increase in two watersheds in Oregon (Beschta, 1978). Suspended 
sediment and high turbidity have been found to negatively affect marine fish eggs, 
larvae, juveniles and adult and the ,impact depends on the concentrations and the 
durations of exposure (Newcombe and MacDonaId, 1991 ; Au et al. , 2004; 
Humborstad et al., 2006; Griffin et aI. , 2009; Partridge and Michael, 20 I 0). In 
Salak River, near the area of flood mitigation works where dissolved oxygen was 
lower and total suspended solids were higher than other areas, diversity and 
richness indices were reported to be lower (Nyanti et al., 2012) . 

Most of the major cities and towns in the state of Sarawak, north of Borneo 
Island, are located near the coast facing the South China Sea. Sampadi Island is a 
small island located about 3 km off the coast and to the northwest of Rambungan 
River estuary. To the east are estuaries of Santubong River, Salak River, Sibu Laut 
River and to the west are Sampadi River and Kayan River. As development of the 
cities and coastal areas progress, waters in the estuaries and coastal areas could be 
affected. Upstream of Santubong River are industrial areas and there are also fish 
cage culture and shrimp culture farms along the river other than the vi Uages (Ling 
et al., 2010b). Similarly, upstream of Salak River is part of the city of Kuching 
which is densely populated and expanding other than shrimp culture activities 
(Ling ef al., 20 lOa; 20 12b). To the estuarine areas of Sampadi River and Sibu Laut 
River there are shrimp culture activities (Ling et al., 20 II; 20 12a; Soo ef al., 2014) 
whereas upstream of Kayan River are oil palm plantations and oil palm mill 
(Grifin, 2014) . However, information on the water quality of the islands off the 
coast of Sarawak is scarce. Previous studies concentrated mostly in the rivers. For 
instance, in the Santubong River, studies indicated that total suspended solids and 
biochemical oxygen demand were observed to be the highest near construction and 
residential area and nearby shrimp farming, biochemical oxygen demand was 
equally high and chl~a was the highest (Ling et al., 20 I Ob). Other than activities 
that are land-based, monsoon seasons also could affect the water quality. Sarawak 
has a long coast line from Lundu to Lawas. The weather in Malaysia is 
characterized by two monsoon regimes, namely, the Southwest Monsoon from late 
May to September, and the Northeast Monsoon from November to March whereby 
the Northeast Monsoon brings heavy rainfall , particularly to western Sarawak 
where Sampadi island is located, whereas the Southwest Monsoon is usually 
established in the latter half of Mayor early June and ends in September (MMD, 
2013). For the conservation of aquatic and marine life, the quality of water needs 
to be suitable and therefore the objective of this study was to assess the water 
quality around the Sampadi Island in comparison to Rambungan estuary. 

Materials and Methods 

The study was conducted at Rambungan River estuary and around Sampadi Island. 
Sampadi Island is located at the northwest of Rambungan estuary to the west of 
Satang Besar Island and Talang Talang Island. 

Two study trips were made, November 2012 (low tide) and April 2013 
(high to low tide). In situ water quality parameters were measured at five stations, 
recorded as Station I to Station 5 with the GPS readings as shown in Table I and 
the locations as shown in Figure I. Station I, Station 2, Station 3 and Station 4 
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were located around the Sampadi Island whereas Station 5 was located at 
Rambungan estuary. Measurements of water temperature, pH, and dissolved 
oxygen were conducted using Hydrolab Water Quality Multiprobe (SVR3, Austin, 
Texas, USA) . Turbidity was measured by Martini Instruments (Mi415). Salinity 
was measured by using a Milwaukee Seawater Refractometer (MA887). Water 
transparency was measured with a Secchi disk and water depth by a depth finder. 
Significant differences among stations for each trip were analyzed by using one
way ANOV A and overall significant differences were analyzed using two-way 
ANOVA. Correlation between water quality parameters were examined for 
significance. All data analyses were performed using SPSS Statistics 22. 

Table 1 : Geographic coordinates of the sampling stations at Sampadi Island and 
Rambungan Estuary 

Station Description Geographic cordinates 

Southeast of Sampadi Island 

2 West of Sampadi Island 

3 Northwest of Sampadi Island 

4 Southwest of Sampadi Island 

5 Rambungan River estuary 

N 01" 43.77', E lID' 5.25' 


N 01 ' 43.96', E liD· 4.79' 


N 01" 44.16', E 110" 4.68' 


NOl"43 .83',E 110"4.94' 


N 01" 41.186 ' , E lID" 7.78' 
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Figure 1: Sampling stations around Sampadi Island and 
at Rambungan estuary. 
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Results and Discussion 

Figures 2 and 3 show the results of insitlt water quality parameter measurement 
during the two trips. In Trip I, Station 3 was the deepest station around the waters 
of Sampadi Island whereas Station 4 was the shallowest. In Trip 2, again Station 3 
was the deepest but Station 5 in the estuary was the shallowest (Figure 3). For the 
stations around the island, in Trip 2 water depth was higher than in Trip I. 

In Trip I, temperature of the sampling stations ranged from 26.00 to 27 .13 
°C with Station 3 showing the highest temperature. As it was the deepest station, it 
was the least influenced by the precipitation that accompanies the northeast 
monsoon. Station 5 in the Rambungan estuary received more input of fresh water 
and thus the temperature was significantly lower than Station 2, Station 3 and 
Station 4 around the island. In Trip 2, Station 5 showed the lowest temperature of 
29.67 °C and it was not significantly different from Station 4 (29.80 DC). Mean 
temperature of Trip I (26.59 0c) was lower than Trip 2 (29.97 DC). This is due to 
the season during Trip I which was in November, the beginning of the northeast 
monsoon season which is a wet season whereas Trip 2 fell in inter-monsoon 
season whereby the wet season ended. 

In Trip I salinity was the highest at Station 3 which was the deepest station. 
Salinity was the lowest at Station 5, the estuarine station, for both sampling trips 
as Rambungan River receives fresh water input from the watershed and especially 
when the measurement was made during low tide. Most of the stations around the 
island showed significantly higher salinity of above 30 PSU for both trips. There 
was no significant difference between the mean salinity of Trip I with that of Trip 
2 (P=0.395). 

For pH, all stations showed pH values of above 7 which are typical of 
seawater. Station 5 showed the lowest values in both trips and the stations around 
the island showed significantly higher pH values. Saline water has higher pH than 
fresh water. Soo et al. (2014) reported that the estuary of Sibu Laut River, a 
nearby river, has higher pH value at the station near the sea than the upstream 
stations and the values ranged from pH 7.0 upstream to pH 8.9 for the station near 
the sea. 

During Trip I, turbidity was the highest at Station 5 due to river sediment 
resuspension as the sea was rough during the onset of northeast monsoon and 
monsoon season brought rainfall and thus there are more inorganic eroded 
particles from upstream than during non-rainy season such as April. The high 
turbidity of 13.94 NTU is close to the mean value obtained by Soo et al. (2014) at 
Sibu Laut River estuary and it was also reported that turbidity was higher during 
low tide than high tide with a mean value of about 22 NTU during low tide. In 
addition, the nature of the sediment at Station 5 was observed to be mud and sand 
whereas at Station I and Station 3 the substratum was observed to be rocky and in 
stations 2 and 4 the substratum was sandy. 

In Trip 2, among the stations around the island, Station I, Station 2 and 
Station 3 showed very low turbidity and the highest was at Station 4 but much 
lower than the highest in Trip I . This is because of the relat,ively calm sea of April. 
Station 4 showed the highest turbidity due to the influence of water from the rivers 
nearby such as Santubong River, Sibu Laut River and Salak River due to the 
receding tide evidenced by the temperature and the pH values being the lowest 
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among the stations around the island. In addition, the values were between those of 
the island and estuary. The turbidity of 5.19 NTU at Station 4 falls in between the 
high and low tide mean values of 5 NTU and 18 NTU respectively in Sibu Laut 
River estuary (Soo et al., 2014). In addition, the substratum was sandy and there 
was no vegetation and thus was easier to be re-suspended than Station 2 which 
was covered by seagrass. Station 1, Station 2 and Station 3 of Trip 1 have higher 
turbidity than Trip 2 due to the choppy sea and strong wind during Trip 1 which 
caused the re-suspension of the sediment. Overall, Trip I has significantly higher 
turbidity (6.10 NTU) than Trip 2 (1.49 NTU) due to the northeast monsoon season 
(P<0.0005). 

Trip 1 showed significantly lower mean transparency (2.02 m) than the 
mean of Trip 2 (1.45 m) due to the northeast monsoon season (P<0.0005). Station 
5 showed the lowest transparency during Trip 1 with a value of 0.62 m and during 
Trip 2 it showed significantly lower transparency than Station 2 and Station 3 but 
higher than Station 4. Station 4 has the lowest transparency as the bottom has no 
vegetation and thus settled sediment could easily be re-suspended due to wave 
action. For stations around the island, Station 2 showed the highest transparency 
which was significantly higher than other stations in both trips. Overall, turbidity 
and transparency were significantly and negatively correlated (r = -0.775, P = 
0.008, n = 10). 

Dissolved oxygen of Trip 1 ranged from 6.09 mg/L at Station 5 to 6.82 
mg/L at Station 3 whereas Trip 2 DO ranged from 4.00 to 5.48 mg/L. Analysis 
indicates that mean DO during Trip 1 (6.64 mg/L) was significantly higher than 
that of Trip 2 (5.06 mg/L) (p<0.0005). This difference in DO is most 'likely due to 
the season whereby in Trip 1, the sea was choppy and thus the waters were more 
aerated than the calm water of Trip 2. In terms of compliance, the concentrations 
of DO around the island during both trips were above 5 mg/L, the minimum 
required for Class 2 for marine life, fisheries and coral reefs, recreational and 
mariculture purposes of MMWQCS (DOE, 2010). Additionally, Station 5 in the 
estuary also complied with the minimum of 4 mg/L of mangroves, estuarine and 
river-mouth water of MMWQCS (DOE, 2010). Comparing Station 5 results with 
other studies, they fall in the range obtained in Santubong estuary of 4.0-8.7 mg/L 
(Ling et al., 201 Ob); and that of Trip 1 was close to the mean value of 5.5 mg/L as 
reported by Soo et al. (2014) at Sibu Laut River estuary. Overall, temperature and 
DO were negatively and significantly correlated (r = -0.806, P = 0.005, n = 10). 
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with the same letters were not significantly different at 5% level. 
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Figure 3: Physico-chemical parameters for Trip 2 (18th April 2013). Means with 
the same letters were not significantly different at 5% level. 

Summary 

This study shows that mean turbidity and mean dissolved oxygen were 
significantly higher during November when compared with April due to the onset 
of northeast monsoon season. In November, turbidity was the highest and 
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transparency was the lowest at the estuarine station of the Rambungan River when 
compared to the waters around the island. However, in April, turbidity was the 
highest and transparency was the lowest at a station to the south of the island with 
sandy bottom. Dissolved oxygen around the island and the Rambungan River 
estuary complied with Class 2 and Class E of MMWQSC, respectively. 
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Abstract 

A preliminary taxonomic survey ofmicroplankton in Sempadi coastal waters was 
undertaken with the aid of both light (LM) and transmission electron microscopy 
(rEM). The nanoplankton were observed using TEM whereas for diatoms and 
dinoflagellates, observations were done using LAi TEM observation reveals the 
occurrence ofmembers from Chrysochromulina, Phaeocystis and a cocolithophore 
(Prymnesiophyceae), Pyramimonas (Prasinophyceae) and Paraphysomonas 
(Chrysophyceae) based on the presence of scales ultrastructure. For diatoms, 25 
genera have been recorded with Coscinodiscus, Thalassionema, Navicula, 
Ditylum, Odontella and Biddulphia are among the most common taxa. Five 
common genera ~f dinojalgellates recorded were Ceratium, Dinophysis, 
Protoperidinium and Prorocentrum. Although only a small number of 
nanoflagellate taxa recorded in this preliminary survey, the occurrence of some 
important taxa such as the Phaeocystis and Chrysochromulina suggest the 
cosmopolitan in distribution and warrant filrther investigation. 

Keywords: phytoplankton, nanoflagellates, Sampadi 

Introduction 

Phytoplankton is an important source of primary production in the aquatic food 
web and is important for the survival of the planktonic invertebrates (Estep et al., 
1990; Kamermans, 1994). Nanoflagellates, a group of minute phytoplankton with 
the size of 2 - 20 11m, are the "hidden" flora of the phytoplankton population . 
Besides producing oxygen in the atmosphere that now supports lives on this planet 
and reduced global warming by consuming carbon dioxide, these microscopic 
organisms also contribute 30 - 50% of the total sulphur flux of the planet through 
the production of dimethyl sulphide (OMS) (Gibson et al., 1990). OMS that 
escape in the atmosphere makes a significant contribution to the formation of 
acidic rain (Keller et al., 1989; Davidson and Marchant, 1992). The dominance of 
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these microscopic organisms in the aquatic environment, which is the largest 
living space on earth, is considered as an ecological paradox (Andersen, 1992). 

Another serious global issue associated with the microalgae is the Red Tides 
or Harmful Algal Blooms (HABs) phenomena. Blooms of toxic species will cause 
severe impact not only on marine ecosystems but also on human health. Among 
the most common groups of microalgae that form toxic blooms are the members of 
the Dinoflagelates. For the nanoflagellates, toxic bloom forming taxa are from the 
group of prymnesiophytes (Haptophyceae) namely, Chrysochromutina, 
Prymnesium and Phaeocys/is (Rhodes e/ at., 1994; Eilertsen and Raa, 1995; 
Moestrup and Thomsen, 1995). 

How diverse are the microalagae? Soumia e/ at. (1991) estimated about 
4000 described species of flagellated phytoplankton of which many are 
insufficiently known or doubtful entities. A few phycologists surveyed by 
Andersen (1992) suggested that the current number of total species is 
approximately correct but the total number of undescribed species may exceed 
known ones by a factor 4 to 8. Despite the estimated number of species proposed 
by Soumia e/ at. (1991), Andersen (1992), and Norton et at. (1996), nobody 
knows exactly how many species of phytoplankton there are in the marine 
environment. Studies from other parts of the world (Moestrup, 1979; Bojo, 2002; 
LeRoi and Hallegraeff, 2004, 2006; Bergesch e/ at., 2008; Doan-Nhu and Larsen, 
2010) revealed five common groups of microalgae (excluding the diatoms and 
dinoflagellates) usually exist in the marine environment. They are the 
Prymnesiophyceae, Prasinophyceae, Chrysophyceae, Cryptophyceae and 
Choanoflagellidea. Most of them are cosmopolitan in distribution. 

Published taxonomic documentations on microalgae from tropical waters 
are very limited (Bergesch et at., 2008; Doan-Nhu and Larsen, 2010). With the 
exception of works on microalgae which focused mainly on the taxonomy and 
ecology of freshwater taxa (Wah e/ at., 1987; Phang and Leong, 1987), there is no 
published material on marine nanoflagellates from Malaysian coastal waters. The 
only published SEM micrographs of fine scale structure of nanoflagellates, 
Mallamonas spp. (Chrysophytes) from Malaysia was by Diirrschmidt and Croome 
(1985). Considering the importance of these little organisms in our daily life, it is 
high time to give some effort to seriously study the diversity, biogeography and 
distribution of our indigenous and local rich microalgae resources. In this paper 
only preliminary information is provided. However, the first discovery of some 
interesting taxa will lead to a more comprehensive research in this area. 

Materials and Methods 

Seawater samples (about 2 L) were collected directly from Sampadi coastal waters 
at Rambungan jetty during high tide (9th June 2014). The samples were filtered 
through a 20 Ilm mesh to remove larger organisms. The sample was preserved 
with Lugol's solution, brought back to the laboratory and left to settle for 48 hours 
or more (Jensen, 1998). Whole mount preparations for nanoflagellate observations 
follow Moestrup and Thomsen (1980). 

For observation under transmission electron microscopy (TEM), whole 
mounts of cells was prepared according to Moestrup and Thomsen (1980). Sample 
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of cells in suspension (10 lim) was placed on fonnvar-coated copper grids. A total 
of 10 grids were processed. The grids were dried at room temperature and rinsed 
in distilled water for 15 min to remove salt crystals. Grids were once again dried at 
room temperature before observation under TEM JEOL (JEM-1230). 

Water samples for diatoms and dinoflagelates enumeration were collected 
using a 20 lim mesh size plankton net. Samples were preserved with Lugol's 
solution and brought back to the laboratory and left to settled for 2 days. One ml of 
settled sample was transferred to a multiwell plates and observed under an 
inverted compound microscope OLYMPUS IX51 for the presence of diatoms and 
dinoflagellates. Identification of diatoms and dinoflagellates are based on the book 
Marine Phytoplankton ofthe Western Pacific (Omura et al., 2012) and Identifying 
Marine Phytoplankton (Tomas, 1997). To enhance this paper, an additional set of 
data on phytoplankton in the area obtained from the student's final year project 
(Dyg Rufaihah, 2014) is included. 

Results and Discussion 

Observations under TEM on the grids revealed the presence of few members belong 
to the Class Prymnesiophyceae, Prasinophyceae and Chrysophyceae based on the 
ultrastructure of scale morphology and appendages. Whole cells with intact scales 
on the body were not easily found, however various types of isolated scales and 
appendages were scattered on the grids. The descriptions provided in this paper 
focused only on nanoflagellates whereas for diatoms and dinoflagellates, only a list of 
taxa occurring in the area based on LM observations is included. 

Chrysophyceae 
Paraphysomonas foraminifera Lucas (Figure 1A) 

Lucas (1967): Text - Figure 1; PUc 
Observation with TEM revealed a group of loosened scales of Paraphysomonas 
foraminifera. The scale has a circular base with an annular fold and a central 
tapering spine, a basic outline for most scale of Paraphysomonas. Unlike other 
species, the scale of P. foraminifera is characterized by the presence of perforated 
structure on the disc fonned by 8 - 9 concentric rings of pores. The disc scale is 
approximately 1 11m in diameter and the length of the spine is about 1 - 1.5 11m. 
The size of the scale was not much different as compared to those recorded from 
other part of the world. This species has been recorded from Italy (Lucas, 1967) 
England (Leadbeater, 1972), the North Pacific (Smith and Hobson, 1994), New 
Zealand (Bojo, 2002), Australia (LeRoi and Hallegraeff, 2006) and Brazil, 
(Bergesch et al., 2008). 

Incertae sedis 

Petasaria heterolepis Moestrup (Figure 1 B) 


Moestrup (1979) Figure 61 - 66 
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Scales of the uniflagelate Petasaria sedis was found in the samples. The partially 
perforated hat-like scales were approximately 2 11m in diameter. P. heterolepis has 
2 types of scales. The scale structure found in the sample was similar to those 
described by Moestrup (1974) and LeRoy and Hallegraeff (2006). The taxonomic 
status of this species is still uncertain. P. heterolepis has been recorded from New 
Zealand, Red Sea, Denmark (Moestrup, 1979) and Australian waters (LeRoy and 
Hallegraeff, 2006). 

A 
 B 

Figure 1: A. Loosened spine scale of Paraphysomonas foraminifera and 
B. Scales of Petasaria heterolepis. 

Prasinophyceae 
Pyramimonas spp. 

Various scale types belong to the members of the prasinophytes were observed on 
the grids (Figure 2A - Figure 2D). Based on the morphology of the scales as 
shown in Figure 2A, Figure 2B and Figure 2C, it is high possibility that they 
belong to Pyramimonas longicauda (Van Meel) Inouye et Chihara. The special 
pattern displayed on a 'basket-like' and the box type scales suggest the presence of 
P. longicauda in the samples. The size of both basket and box scales are 
approximately 0.8 11m. For box scale in Figure lC and Figure IE, the scale might 
belong to other species of Pyramimonas. P. longicauda has been recorded in 
Belgium (Van Meel, 1967), Japan (Inouye, 1984), Australia (McFadden et al., 
1986; LeRoi and Hallegraeff, 2006) and New Zealand (Bojo, 2002). 
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Figure 2: Micrographs of loosened scales belong to Pyramimonas spp. 2A: 
Distal view of "basket" scale. 2B, 2C: Box scales. 20: Crown scale. 

Prymnesiophyceae 
Chrysochromulina pringshemii Parke et Manton (Figure 2A - Figure 2B) 

Parke and Manton (1962) PI. I - VI; Figure. I - Figure 29 

Two types of loosened scales belong to CllI)lsochromulina pringshemii were 
found on the grids (Figure 2A and Figure 2B). Both were spine scales but the 
spine length was slightly different. For spine scale as shown in Figure 2, the 
radiated ridge structure were seen on the base scale, arranged in quadrants and 
extended to scale edge which acting as the base-plate of a slender spine 
approximately 2 fJ.m long. The other scale type (Figure 2) had a bent base plate 
scale with 4 prominent supporting struts attached to the edge and adjoined to form 
the base for the of a long spine. The morphological description of the scales of C. 
pringshemii found were similar to those found elsewhere (Hallegraeff, 1983; 
LeRoi and Hallegraeff, 2004; Doan-Nhu and Larsen, 2010). C. pringshemii has 
been recorded from various parts of the world including UK (Parke and Manton, 
1962), Norway (Leadbeater, 1972), Denmark (Manton and Leadbeater, 1974), 
Au tralia (Hallegraeff, 1983; LeRoi and Hallegraeff, 2004), New Zealand 
(Rhodes, 1994; Bojo, 2002), Brazil (Bergesch et al., 2008) and Vietnam (Doan
Nhu and Larsen, 20 I 0). 
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Chrysochromulina spp. 
Observation under TEM also found various shapes of loosened scales belong to 
Chlysochromulina species scattered on the grids (Figure 3). Morphological 
comparison were made with some published TEM micrographs, however species 
verification could not be confirmed due to insufficient morphological information 
of the scale structure which is vital for species identification. Most of 
Chrysochromulina species have more than 2 types of scale and even some 
possessed up to 4 types of body scales as shown by C. pringshemii. Similarity of 
some scale in terms of generai morphology especially the plate scale type could 
also hampered the identification procedure. 

Phaeocystis sp. 
The presence of a filamentous structures arranged in a pentagonal patterns 
indicated the occurrence of Phaeocystis species in the samples (Figure 3). The 
pentagonal structures are characteristics of the genus Phaeocystis except for P. 
scrobiculata Moestrup which has 9 rays instead of 5. Phaeocystis can be in 
unicellular of colonial form. There are 7 species worldwide (Medlin and Zingone, 
2007) and among the most common and cosmopolitan in distribution is P. globosa 
Scherffel. P. antarctica Karsten is however restricted to the Antarctic region 
(Moestrup, 1979; Bojo, 2002). 

Cocolithophore 
Loosened cocoliths were observed in the samples (Figure 3). The coccoliths were 
approximately 1.0 x 1.8 !lm in size with narrow bottom ribs radially arranged with 
somewhat raised, with a central area. The morphological appearence of the 
coccoliths resemble the coccolith of Michaelsarsia elegans Gran but smaller in 
size. Michaelsarsia elegans has been recorded previously from Atlantic Ocean, 
Medeterranean Sea, Australian waters (Hallegraeff, 1983) and New Zealand 
(Bojo, 2002). 
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Figure 3: 	 Scales of Chrysochromulina spp. 3A and 3B: Spines scales of 
Chrysochromulina pringshemii. 3C - 3F: Scales of unidentified 
prymnesiophytes. 
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