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INTRODUCTION 
[bookmark: _Toc531856813][bookmark: _Toc31206711]Background of the Study
The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid) but the most important component of fouling community are the serpulids (Lewis, 1982; Madin, 2010; Bloecher et al., 2013; Bastida-Zavala  et al., 2017).
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[bookmark: _Toc531856815]The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid) but the most important component of fouling community are the serpulids (Lewis, 1982; Madin, 2010; Bloecher et al., 2013; Bastida-Zavala  et al., 2017).
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This study specifically embarks to:-
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1.2 Sub-objective
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1. Hypothesis 1
2. Hypothesis 2 
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LITERATURE REVIEW
[bookmark: _Toc31206717][bookmark: _Toc531856819]Fouling Polychaetes
[bookmark: _Toc531856820]The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid) but the most important component of fouling community are the serpulids (Lewis, 1982; Madin, 2010; Bloecher et al., 2013; Bastida-Zavala  et al., 2017).
[bookmark: _Toc31206718]Family Serpulidae Fafinesque, 1815
[bookmark: _Toc531856821][bookmark: _Toc31206719]Taxonomic Classification 
[bookmark: _Toc531856822]The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid).
[bookmark: _Toc31206720]Morphology of Serpulids
The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid) but the most important component of fouling community are the serpulids (Lewis, 1982; Madin, 2010; Bloecher et al., 2013; Bastida-Zavala  et al., 2017).
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METHODOLOGY
[bookmark: _Toc31206722][bookmark: _Toc531856824]Overview of the Methodology
[bookmark: _Toc531856825]The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid) but the most important component of fouling community are the serpulids (Lewis, 1982; Madin, 2010; Bloecher et al., 2013; Bastida-Zavala  et al., 2017).
[bookmark: _Toc31206723]Study Location
The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid) but the most important component of fouling community are the serpulids (Lewis, 1982; Madin, 2010; Bloecher et al., 2013; Bastida-Zavala  et al., 2017).

Table 3.1 Position (latitude and longitude) of 5 sampling stations and vegetation/man-made structure in the lagoon area of Setiu Wetlands. RA: Rhizophora apiculata; NF: Nypa fruticans; CC: cage culture; ACC: Abounded cage culture; J: Jetty; W: Wharf.




	Station
	Coordinate
	Vegetation / man-made structure

	
	Latitude
	Longitude
	

	 ST 1
	5°43'00.24"N
	102°40'31.57"E
	RA

	ST 2
	5°42'38.69"N
	102°40'49.78"E
	NF

	ST 3
	5°42'06.45"N
	102°41'26.71"E
	CC

	ST 4
	5°41'42.84"N
	102°41'51.77"E
	ACC

	ST 5
	5°41'11.32"N
	102°42'22.74"E
	W



Table 3.2 Position (latitude and longitude) of 3 sampling stations.
	Station
	Coordinate

	
	Latitude
	Longitude

	 ST 10
	5°43'00.24"N
	102°40'31.57"E

	ST 11
	5°41'42.84"N
	102°41'51.77"E

	ST 12
	5°41'11.32"N
	102°42'22.74"E




14










Figure 3.1 Sampling stations at the lagoon area of Setiu Wetlands.




[bookmark: _Toc31206724]Field Sampling
The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013).





Figure 3.2 Fouling polychaete collection on the man-made structure and natural habitat in the lagoon area of Setiu Wetlands.
[bookmark: _Toc31206725]Data Analysis
The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013).

9



[bookmark: _Toc31206726]




RESULTS
[bookmark: _Toc31206727]Diversity of Fouling Polychaetes
The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013).
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The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013).
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[bookmark: _Toc531856832]The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013).
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DISCUSSION
[bookmark: _Toc31206732]Diversity and Distribution of Fouling Polychaetes
The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid) but the most important component of fouling community are the serpulids (Lewis, 1982; Madin, 2010; Bloecher et al., 2013; Bastida-Zavala  et al., 2017).
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The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid) but the most important component of fouling community are the serpulids (Lewis, 1982; Madin, 2010). 
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CONCLUSION AND RECOMMENDATIONS
The unwanted accumulation of microorganisms, plants, algae and animals on submerged structures is known as fouling (IMO, 2017), which is a global issue happened all over the world. Several example of fouling communities are algae, ascidians, crustaceans, hydroids, molluscs, sea anemones, sponges as well as polychaetes (Bloecher et al., 2013). Two types of fouling polychaete are the tubeworms (sabellid and serpulid) and burrowers (spionid and terebellid) but the most important component of fouling community are the serpulids (Lewis, 1982; Madin, 2010; Bloecher et al., 2013; Bastida-Zavala  et al., 2017).


[bookmark: _Toc531856862][bookmark: _Toc31206735]REFERENCESAbdulkadir, S. and Tsuchiya, M. (2008). One-step Method for Quantitative Analysis of Fatty Acids in Marine Animal Samples. Journal of Experimental Marine Biology and Ecology, 354: 1 – 8.
Bachok, Z., Meziane, T., MFilinge, P. L., and Tsuchiya, M. (2006). Fatty Acid Markers as an Indicator for Temporal Changes in Food Sources of the Bivalve Quidnipagus palatum. Aquatic Ecosystem Health & Management, 12(4): 390 – 400.
Clark, K. R. and Warwick, R. M. (2001). Changes in Marine Communities: An Approach to Statistical Analysis and Interpretation. 2nd Edition. PRIMER-E: Plymouth. 
Dittmann, S., Rolston, A., Benger, S. N., and Kupriyanova, E. K. (2009). Habitat Requirements, Distribution and Colonisation of the Tubeworm Ficopomatus enigmaticus in the Lower Lakes and Coorong. (pp. 99). Report for the South Australian Murray-Darling Basin Natural Resources Management Board, Adelaide. 
Glasby, C. J., Lee, Y., and Hsueh, P. (2016). Marine Annelida (Excluding Clitellates and Siboglinids) from the South China Sea. Raffles Bulletin of Zoology, 34: 178 – 234. 
Idris, I. and Arshad, A. (2013). Checklist of Polychaetous Annelids in Malaysia with Redescription of Two Commercially Exploited Species. Asian Journal of Animal and Veterinary Advances, 8 (3): 409 – 436.
Kupriyanova, E. K. and Dittmann, S. (2008). Literature Review on the Reef-building Serpulid Polychaete Ficopomatus enigmaticus (Fauvel, 1923: Mercierella enigmatica): Distribution, Ecology, Reproduction, Control. (pp. 35). School of Biological Sciences, Flinders University, Adelaide, South Australia. 
Leung, J. Y. S, Cheung, S. G., Qiu, J. W., Ang, P. O., Chiu, J. M. Y., Thiyagarajan, V., and Shin, P. K. S. (2013). Effect of Parental Hypoxic Exposure on Embryonic Development of the Offspring of Two Serpulid Polychaetes: Implication for transgenerational epigenetic effect. Marine Pollution Bulletin, 74: 149 – 155. 


[bookmark: _Toc31206736][bookmark: _Toc531856863]APPENDICESAppendix 1
SIMPER analysis from Primer-6 according to group


Appendix 2
Non-parametric test (diversity index) for fouling polychaete



[bookmark: _Toc31206737][bookmark: _Toc531856864]BIODATA OF AUTHORText should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. Text should begin here. 








Publications
Rosli, N.S., Yahya, N., Idris, I. and Bachok, Z. 2018. Settlement rate of fouling serpulid Ficopomatus cf. uschakovi Pillai, 1960 at Setiu Wetlands, Terengganu, Malaysia. Malaysian Journal of Analytical Sciences (Submitted)
Yahya, N., Mohd, N.A., Rosli, N.S., and Bachok, Z. 2018. Taxonomic classification of mangrove clams in Malaysian mangrove system of South China Sea. Journal of Sustainability Science and Management (Submitted)
Rosli, N.S., Yahya, N., Idris, I. and Bachok, Z. 2018. Polychaetous annelid communities in relation to soft bottom sediment characteristics in continental shelf of Southern South China Sea. Journal of Sustainability Science and Management, 15(5): 125-146
Yahya, N., Rosli, N.S., Idris, I. and Bachok, Z. 2018. Population dynamics of mangrove clam Geloina expansa (Mousson, 1849) (Mollusca, Bivalvia) in mangrove of Setiu Wetlands, South China Sea.  Journal of Sustainability Science and Management, 15(5): 203-216
Rosli, N.S., and Bachok, Z. 2016. Diversity of Polychaeta (Annelida) in the Continental Shelf of Southern South China Sea. Middle-East Journal of Scientific Research. 24(6): 2086-2092. 
Nurulafifah, Y., Zakaria, N.Z., Taufek, Z.M., Rosli, N.S. and Bachok, Z. 2016. Ecology of Bivalves in the Lagoon Area of Setiu Wetlands, Terengganu, Malaysia. Middle-East Journal of Scientific Research. 24(6): 2145-2151.
18





image1.png
S

N

UNIVERsITI MALAYSIA TERENGGANU

UMT




image2.svg
                                                                                                                                                                                                                                                                                                               


image3.tiff
I




image4.tiff
.
.





image5.tiff
- D




