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Declining diversity is a common problem in many habitat especially in inshore waters. Past researches 

reported that trawl fisheries has been damaging inshore ecosystem over the last few decades. Trawl net is 

the most common fishing gear operating in Sarawak as well as Malaysian inshore waters. Few studies on 

fish composition, population dynamics has been done in coastal waters of Bintulu, Sarawak. Despite it has 

significant contribution to the Bintulu fisheries economy, the studies on the composition and diversity of 

trawl net fishery is poorly understood. Therefore, temporal changes in diversity and composition of the 

fisheries assemblages in association with ecological factors in Bintulu inshore waters were examined on 
collected data from trawl net fishing over four seasons of Southwest monsoon (SWM), Inter-monsoon 

October (IMO), Northeast monsoon (NEM) and Inter-monsoon April (IMA) of 2016-2017. Furthermore, 

length-weight relationships of most abundant and unreported species caught by trawl net were analyzed. A 

total of 63 species belonging to 40 families were identified where, 11 species found omnipresent. Species 

diversity was recorded higher (H´=2.61) in NEM and lower (H´=0.51) in IMA. Among the species Kurtus 

indicus was the highest abundant (58% of the total catch) followed by Photopectoralis bindus (15%), and 

Opisthopterus tardoore (7%). Fish abundance showed significant temporal changes but species diversity, 

plankton abundance were not significant with temporal difference. Temperature, salinity, pH, dissolved 

oxygen (DO) and rainfall showed classical temporal difference (P<0.05). No significant temporal 

difference was found on chlorophyll a and water nutrients. Canonical Correspondence Analysis (CCA) 

indicated that dissolved oxygen, total suspended solid (TSS), rainfall and salinity were the most important 
ecological factors affecting fish assemblage structure. Relation of ecological parameters with individual 

species (Spearman rank) like Secutor interruptus were significantly correlated with DO (P<0.001; 

r2=0.898). In terms of temporal impact on parameters (Rank Analysis-Wilcoxon), SWM showed parallel 

similarity with environmental parameters and fish abundance. The highest abundant Kurtus indicus showed 

significant positive correlation with TSS, salinity and conductivity and negative correlation with 

temperature (P<0.05; r2=-0.618). Comparing to existing database, 84% from captured species has 

commercial value and among those 38% were encountered in trawl net as juvenile. Among the analyzed 

species, Nibea semifasciata, Filimanus similis, Opisthopterus tardoore and K. indicus showed positive 

allometric growth (b=3), which indicates the food availability and the overall supportive environment were 

good for those species. Fish composition and diversity in the inshore waters of Bintulu discovered 

immensely rich and highly related to eco-biological factors in this study. The findings of this study would 

help to understand the inshore fishery resources, status and its ecosystem profile which will help to manage 
this fishery resource of Bintulu as well as Sarawak, South China Sea region in future. 
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Penurunan diversiti merupakan masalah yang sering dihadapi di kebanyakan habitat terutamanya di 

perairan pesisir pantai. Kajian lepas mendapati, aktiviti perikanan menggunakan trawl net, telah 

merosakkan ekosistem pesisir pantai sejak bebarapa dekad yang lepas. Trawl net merupakan peralatan 

penangkapan ikan yang paling biasa digunakan di perairan pesisir pantai Sarawak dan juga di Malaysia. 

Beberapa kajian tentang komposisi ikan dan dinamik populasi telah dijalankan di kawasan perairan 

Bintulu. Walaupun memberi sumbangan yang signifikan terhadap ekonomi perikanan Bintulu, Sarawak. 

Kajian tentang komposisi dan diversiti perikanan trawl net masih kurang difahami. Oleh itu, kajian tentang 
perubahan musim dalam diversiti dan komposisi perkumpulan ikan yang berkaitan dengan faktor ekologi 

di perairan pesisir pantai di Bintulu telah dijalankan dengan mengumpul data dari perikanan trawl net 

selama empat musim iaitu, monsun barat daya (MBD), monsun Inter-Oktober (MIO), monsun timur laut 

(MTL) dan monsun Inter-April (MIA) pada tahun 2016-2017. Selain itu, hubungan panjang-berat spesis 

terbanyak dan sepsis yang tidak dilaporkan yang ditangkap melalui trawl net juga dianalisa. Sebanyak 63 

spesis yang terdiri daripada 40 famili telah direkodkan, di mana terdapat 11 spesis dijumpai secara meluas. 

Diversiti spesis (H´=2.61) direkodkan lebih tinggi pada MTL dan lebih rendah (H´=0.51) pada MIA. Spesis 

Kurtus indicus merupakan spesis terbanyak (58% daripada jumlah tangkapan) diikuti dengan 

Photopectoralis bindus, Opisthopterus tardoore dan Leiognathus equulus. Perubahan musim memberikan 

kesan signifikan terhadap taburan ikan walaubagaimanapun, diversiti spesis dan taburan plankton tidak 

menunjukkan kesan signifikan terhadap perubahan musim. Suhu, kemasinan, pH, oksigen terlarut dan 
taburan hujan menunjukkan kelainan musim yang klasik (P<0.05). Tiada kesan signifikan ditunjukkan oleh 

klorofil a and nutrisi air. Canonical Correspondence Analysis (CCA) menunjukkan oksigen terlarut, 

secchi-kejernihan, jumlah pepejal terampai, taburan hujan dan kemasinan merupakan faktor ekologi yang 

paling penting yang mempengaruhi struktur perkumpulan ikan. Hubungan antara parameter ekologi dengan 

spesis individu (Spearman rank) seperti Secutor interruptus menunjukkan korelasi yang signifikan dengan 

oksigen terlarut (P<0.001; r2=0.898). Kesan musim terhadap parameter (Rank Analysis-Wilcoxon), MBD 

menunjukkan persamaan yang selari dengan parameter alam sekitar dan taburan ikan. Taburan yang 

tertinggi (Kurtus indicus), menunjukkan korelasi positif yang signifikan dengan jumlah pepejal terampai, 

kemasinan, dan konduktiviti dan berkorelasi negatif dengan suhu (P<0.05; r2=-0.618). Setelah 

dibandingkan dengan data sedia ada, 84% daripada spesis tangkapan mempunyai nilai komersial dan 38% 

daripada peratusan tersebut, yang ditangkap menggunakan trawl net merupakan spesis yang masih juvana. 

Diantara sepsis yang telah dianalisa, Nibea semifasciata, Filimanus similis, Opisthopterus tardoore dan K. 
indicus menunjukkan tumbesaran alometrik positif (b=3), yang menandakan keberadaan makanan dan 

persekitaran yang baik untuk spesis tersebut. Komposisi dan diversiti ikan di persisir perairan pantai di 

Bintulu dalam kajian ini membuktikan kekayaan diversiti dan berkait rapat dengan faktor eko-biologi. 

Penemuan daripada kajian ini dapat meningkatkan pemahaman tentang sumber perikanan persisiran pantai, 

status dan ekosistemnya dimana ianya akan membantu dalam pengurusan sumber perikanan di Bintulu, dan 

juga di Sarawak, kawasan Laut China Selatan pada masa akan datang. 
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1 

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

Malaysia has one of the highest faunal diversity in the world, and the coasts of Malaysia favor the world’s 

richest sites for fishes (Arai, 2015). Additionally, Malaysian coast of South China Sea (SCS) is one of the 

world’s 12 mega-diversity centers and belongs to one of the six countries of the coral triangle, which shifts 

the highest biodiversity enriched coral reefs of the world with more than 3365 fish species (Arai, 2015).  
 

 

Species composition is the basic study to observe on an ecosystem and to take management policy. It is a 

growing need for current world when the earth is observing severe carbon dioxide influx to the 

environment and warming up the sea consequencing species extinction, habitat deformation as well as 

debilitating the trophic ecosystems. Observing species composition could sum up with decision of 

conservation planning, giving the trophic functioning, record for future policy making and the change 

detection study. Now a day’s marine ecosystem in all over the world witnessing serious habitat loss due to 

coral bleaching, overfishing and associated bycatch and discard. Plastic especially micro plastic 

accumulation into the marine species is concern of world interest which not only causing marine pollution 

but deliberating alarming level of food associated human catastrophe. Species diversity is another terms of 
concern for marine ecology conservation and an indicator for health of an ecosystem. Marine pollution, 

selective fishing gear, global warming, and exotic or excessive single species recruitment causing 

biodiversity loss all over the world. Apart from that, habitat loss is a strong destructive reason for 

degrading biodiversity in sea. Knowledge about ecosystem conservation was less mostly unaccusable to 

seek interest of greater community unlike technological advancement of present days. Many international 

organizations are working to transfer conservation knowledge to mass concern and taking measures to 

resist possible extinctions. Though there is growing concern of conservation, yet the level of literacy on 

ecosystem conservation is still a major hindrance (Bjorkland and Pringle, 2001).  

 

 

One of the major limitation about conservation approaches for current time is the science of exact number 

of species is not concrete and might be underestimated. Therefore, the extinction rate of species is so high 
because of human disturbance and climate change that the pace of the conservation approaches merely 

touch the species before it get extinct. The current extinction rate is 100 to 1000 time higher than the past 

rate which is very alarming that a mass extinction would devastate the earth’s diversity into an 

unpredictable stage which is caused mainly by human activities (Pham, 2015). In past data inadequacy 

with irregular bias sampling, lack of compilation from surveyed data, geographic coverage has made the 

effort comparatively less effective (Hortal et al., 2007). Some studies for Bintulu marine fisheries has been 

done, yet there is significant lack of conservation measures. The South China Sea (SCS) of Malaysian 

waters are generally divided into four sub-areas; the west and the east coast of Peninsular Malaysia, the 

coast of Sarawak and the coast of Sabah. Like many coastal countries, most of the human settlement in 

Sarawak has been established near SCS coast including Bintulu. All of the commercial development such 

as sea port activities, oil and gas exploitation, tourism, light and heavy industries, fishing and fisheries 
industrial activities in Bintulu has been established based on coastal resources and its utility. Most of the 

fishing activities have done within 30 km from the shore in Bintulu where trawl net fishing is the superior 

fishing gear. Tropical estuaries of the Indo-West Pacific are inhabited by more fishes than their temperate 

counterparts (Day et al., 1989) and estuaries along with inshore fishing areas are supporting the rural 

economy such as Kuala Nyanalu, Bintulu. Fishing has been considered as the most widespread human 

exploitative activity in the coastal environment and has significant direct and indirect effects on habitat, 

diversity, community structure (Jennings and Kaiser, 1998). These effects can be measured by comparing 

the structure of fish composition through sampling over time intervals (Pet-Soede et al., 2001).  

 

 

Marine species from intertidal zone are subject to influenced by environmental conditions that change over 

a variety of time scales (Selleslagh and Amara, 2008). Inter season fluctuation in water temperature, 
turbulence, and other water factors creat different stressors on intertidal organism including fishes (Horn et 

al., 1999). Likewise, marine environment in Sarawak and Sabah are influenced to a very large extent by 

monsoon pattern (Garces et al., 2003). In fact, almost every feature of the oceanographic environment of 

the SCS is conditioned by the monsoons (Saadon et al., 1997). Surface currents in the SCS flow in 
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accordance with the monsoon-driven wind system. As the largest marginal sea in the tropics, the SCS 

exerts a significant influence on climate change playing a significant role in water mass and energy 

exchange between the Pacific and Indian Oceans (Zeng et al., 2014). Two transitional periods occur 

between these two monsoons, in April and in October, respectively when both transitional periods last 

from about three to seven weeks (Morgan and Valencia, 1983). Although the abundance of fish can be 

correlated with environmental variables, the actions and interactions of these variables are often so 

complex that the cause-effect relationships cannot be explain unequivocally (Ansari et al., 1995).  

 

 

Fish stock assessment has always been required for fisheries management and necessity for such 
information has been increased now a day to determine the effects of fishing (Jalal et al., 2012). As in 

Sarawak, reliable fish stock assessment is not readily available (Rajali et al., 1998). A total of 13 surveys 

have been conducted off the coast of Sarawak and the west coast of Sabah since 1972 (Abu Talib et al., 

2003) when the fisheries resources of Sarawak are such that major fishing took place in the near shore 

waters (Garces et al., 2003). Moreover, limited studies on changes in species composition and abundance 

over time in marine or other ecosystem (Choo, 1998) and fish assemblage structure (Nyanti et al., 2014) 

has been done. However, studies on species composition and diversity in relation to temporal changes of 

ecological factors are not well documented (Abu Hena et al., 2016) nor any detail study on trawl net 

fishery in Sarawak waters, Malaysia. Therefore, in the present study it was considered that the trawl net 

fishery in Bintulu inshore waters is hypothetically rich in composition and biodiversity and has significant 

correlation with ecological parameters temporally. The outcomes of this study will help to make decisions 
for marine ecologist, conservationist as well as Bintulu coastal policy makers and will work for future 

study on Bintulu coastal waters resources, Sarawak, SCS. 

 

 

1.1 Objectives  

 

 

i. To relate the temporal changes of catch composition and diversity of fish caught by trawl net  

ii. To measure the temporal variation in ecological parameters and relate with fish assemblages  

iii. To estimate the length-weight relationships for common species caught by trawl net 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 

62 

 

REFERENCES 

 

 

Abu Hena, M.K., Idris, M.H., Rajaee, A.H., & Siddique, M.A.M. (2017). Length–weight relationships of 

three fish species from a tropical mangrove estuary of Sarawak, Malaysia. Journal of Applied 

Ichthyology, 33(4): 858-860. 

 

Abu Hena, M.K., Idris, M.H., Hafizuddin, M., Bhuiyan, M.K.A., Aiman, W.M., Nesarul, M.H., & Uttam, 

K. (Eds.). (2016). Proceedings from FSC’16: The Fundamental Science Congress.UPM, Selangor. 

Malaysia. 
 

Abu Talib, A., & Alias, M. (Eds.). (1997). Proceedings from ICLARM’97. International Center for Living 

Aquatic Resources Management Conference Proceeding. 53. Worldfish Center, Penang. 

 

Abu Talib, A., Mohammad Isa, M., Mohamad Saupi, I., & Sharum, Y. (Eds.). (2003). Proceedings from 

WF’03. WorldFish Center, Malaysia. 

 

Ahmad, R., Sheikh, B., & Ichikawa, T. (1986). Chlorophyll a content off the Terengganu coast. In A.K.M. 

Mohsin, M. Ibrahim, Hj. Mohamed and M.A. Ambak (Ed.), A Study on the Offshore Waters of the 

Malaysian EEZ (pp. 117-120). Faculty of Fisheries and Marine Science, Universiti Pertanian 

Malaysia, Serdang, Selangor. 
 

Aktan, Y., Tufekci, V., Tufekci, H., & Aykulu, G. (2005). Distribution patterns, biomass estimates and 

diversity of phytoplankton in Izmit Bay (Turkey). Estuarine, Coastal and Shelf Science, 64: 372–

384. 

 

Alam, M.F., Omar, I.H., & Squires, D. (2002). Sustainable fisheries development in the tropics: trawlers 

and license limitation in Malaysia. Applied Economics, 34(3): 325-337. 

 

Allen, L.G., & Horn, M.H. (1975). Abundance, diversity and seasonality of fishes in Colorado lagoon, 

Alamitos Bay, California. Estuarine and Coastal Marine Science, 3: 371-380. 

 

Amani, A.A., Arshad, A., Yusoff, F.M., & Amin, S.M.N. (2015). Length-Weight relationship and relative 
condition factor of Parapenaeopsis sculptilis (Heller, 1862) from the coastal waters of Perak, 

Peninsular Malaysia. Pertanika Journal of Tropical Agricultural Science, 38 (2): 211-217. 

 

Amin, S.M.N., Zainal, A.A.Z., Idris, M.H., Siraj, S.S., & Japar, S.B. (2008). First distribution records of 

Acetes intermedius (decapoda: Sergestidae) from the coastal waters of Bintulu, Sarawak: 

population structure, length-weight and length-length relationship. Journal of Sustainability 

Science and Management, 3(1): 74-83. 

 

Anderson, R.O., & Neumann, R.M. (1996). Length, weight and associated structural indices. In B.R. 

Murphy and D.W. Willis (Ed.), Fisheries Techniques, 2nd edn. (pp 447-482), American Fisheries 

Society, Bethesda, Maryland, USA. 
Andrade, H.A., & Campos, R.O. (2002). Allometry coefficient variations of the length-weight relationship 

of Skipjack tuna (Katsuwonus pelamis) caught in the Southwest South Atlantic. Fisheries 

Research, 55: 307-312. 

 

Angers, B., Magnan, P., Plantes, M., & Bernatchez, L. (1999). Canonical correspondence analysis for 

estimating spatial and environmental effects on microsatellite gene diversity in brook charr 

(Salvelinus fontinalis). Molucular Ecology, 8: 1043-1053. 

 

Ansari, Z.A., Chatterji, A., Ingole, B.S., Sreepada, R.A., Rivonkar, C.U., & Parulekar, A.H. (1995). 

Community structure and seasonal variation of an inshore demersal fish community at Goa, West 

coast of India. Estuarine, Coastal and Shelf Science, 41: 593-610. 

 
APHA, (2005). Standard Methods for the Examination of Water and Waste water, 22nd edn. American 

Public Health Association, Washington, DC. 

 

© C
OPYRIG

HT U
PM



 

63 

 

Arai, T. (2015). Diversity and conservation of coral reef fishes in the Malaysian South China Sea. Reviews 

in Fish Biology and Fisheries, 25(1): 85-101. 

 

Arshad, A., Jimmy, A., Amin, S.M.N., Bujang, J.S., & Harah, Z.M. (2008). Length–weight and length–

length relationships of five fish species collected from seagrass beds of the Sungai Pulai estuary, 

Peninsular Malaysia. Journal of Applied Ichthyolology, 24: 328–329. 

 

Arvin, P.L. (1977). Introduction to Common Marine Zooplankton of Peninsular Malaysia. (Unpublished 

doctoral dissertation). Universiti Pertanian Malaysia. Malaysia. 

 
Aschan, M., Fossheim, M., Greenacre, M., & Primicerio, R. (2013). Change in fish community structure in 

the Barents Sea. PLoS ONE, 8(4): e62748. 

 

Attrill, M.J., & Power, M. (2002). Climatic influence on a marine fish assemblage. Nature, 417: 275-278. 

 

Austin, M.P. (2002). Spatial prediction of species distribution: an interface between ecological theory and 

statistical modelling. Ecological Modelling, 157: 101-118. 

 

Azlan, J.M., & Lawes, M.J. (2011). The efficiency of protected areas and future challenges for wildlife 

conservation in Sarawak. In M. Mokhter, and J.C. Abdul Halim (Ed.), RIMBA 2: Regional 

Sustainable Development in Malaysia and Australia (pp.136-146), Universiti Kabangsang 
Malaysia, Bangi, Malaysia. 

 

Bailey, C. (1988). “The political economy of marine fisheries development in Indonesia”. Indonesia, 

46:25-38. http://cip.cornell.edu/webdocs/publications.html (accessed July 10, 2010). 

 

Bbalali, S., Hoseini, S.A., Ghorbani, R., & Kordi, H. (2013). Relationships between nutrients and 

chlorophyll a concentration in the international Alma Gol Wetland, Iran. Journal of Aquaculture 

Research and Development, 4(3): 1-5. 

 

Barletta, M., Barletta-Bergan, A., Saint-Paul, U., & Hubold, G. (2005). The role of salinity in structuring 

the fish assemblages in a tropical estuary. Journal of Fish Biology, 66: 45- 72. 

 
Basharin, G.P. (1959). On a statistical estimate for the entropy of a sequence of independent random 

variables. In: N. Artin (Ed.), Theory of Probability and Its Applications. (pp. 333-336). Society 

for Industrial and Applied Mathematics, Philadelphia. 

 

Baumgartner, T.R., Soutar, A., & Ferreira-Bartrina, V. (1992). Reconstruction of the history of Pacific 

sardine and Northern anchovy populations over the past two millennia from sediments of Santa 

Barbara Basin, California. CalCOFI Report, 33: 24–40. 

 

Belliard, J., Boet, P., & Tales, E. (1997). Regional and longitudinal patterns of fish community structure in 

the Seine River basin, France. Environmental Biology of Fishes, 50: 133-147. 

 
Bjorkland, R., & Pringle, C.M. (2001). Educating our communities and ourselves about conservation of 

aquatic resources through environmental outreach. BioScience, 51(4): 279-282. 

 

Blaber, S.J.M., Cyrus, D.P., Albaret, J.J., Chong, V.C., Day, J.W., Elliott, M., Fonseca, M.S., Hoss, D.E., 

Orensanz, J., Potter, I.C., & Silvert, W. (2000). Effects of fishing on the structure and functioning 

of estuarine and nearshore ecosystems. ICES Journal of Marine Science, 57: 590–602. 

 

Blaber, S.J.M., Farmer, M.J., Milton, D.A., Pang, J., Boon-Teck, O., & Wong, P. (1997). The 

Icthyoplankton of selected estuaries in Sarawak and Sabah: composition, distribution and habitat 

affinities. Estuarine, Coastal and Shelf Science, 45: 197- 208. 

 

Blaber, S.J.M., Brewer, D.T., & Salini, J.P. (1995). Fish communities and the nursery role of the shallow 
inshore waters of tropical bay in the Gulf of Carpentaria, Australia. Estuarine, Coastal and Shelf 

Science, 40: 177–193. 

 

© C
OPYRIG

HT U
PM



 

64 

 

Boonyapiwat, S. (Eds.). (1997). Proceedings from SEAFDEC’97. First Technical Seminar on Fishery 

Resources. SEAFDEC, Malaysia. 

 

Bock, C.E., Jones, Z.F., & Bock, J.H. (2007). Relationship between species richness, evenness and 

abundance in a Southwestern Savanna. Ecology, 88(5): 1322- 1327. 

 

Boero, F. (2010). The study of species in the era of biodiversity: A tale of stupidity. Diversity, 2: 115-126. 

Brodziak, J. (2012). “Fitting length-weight relationships with linear regression using the log-transformed 

allometric model with bias-correction”. Pacific Islands Fisheries Science Center, pp. 96822-2396. 

Administrative Report. NOAA, Honolulu, H-12-03, 4 p. 
 

Brown, J.H. (1984). On the relationship between abundance and distribution of species. The American 

Naturalist, 124(2): 255-279. 

 

Campos, D., & Isaza, J.F. (2009). A geometrical index for measuring species diversity. Ecological 

Indicators, 9: 651-658. 

 

Carlander, K.D. (1977). Handbook of Freshwater Fishery Biology, 431p. The Iowa State University press. 

 

Castellanos-Galindo, G.A., Krumme, U., Rubio, E.A., & Saint-Paul, U. (2013).  Spatial variability of 

mangrove fish assemblage composition in the tropical eastern Pacific Ocean. Reviwes in Fish 
Biology and Fisheries, 23: 69–86. 

 

Chesney, J.E., & Iglesias, J. (1979). Seasonal distribution, abundance and diversity of demersal fishes in 

the inner Ria de Arosa, Northwest Spain. Estuarine and Coastal Marine Science, 8: 227-239. 

 

Chew, Li-Lee, & Chong, V.C. (2011). Copepod community structure and abundance in a tropical 

mangrove estuary, with comparisons to coastal waters. Hydrobiologia, 666: 127-143. 

 

Chong, V.C., Lee, P.K.Y. & Lau, C.M. (2010). Diversity, extinction risk and conservation of Malaysian 

fishes. Journal of Fish Biology, 76: 2009-2066. 

 

Chong, V.C., & Sasekumar, A. (2002). Fish communities and fisheries of Sungai Johor and Sungai Pulai 
estuaries (Johor, Malaysia). Malayan Nature Journal, 56(3): 279-302. 

 

Chong, V.C., Sasekumar, A., Leh, M.U.C., & Cruz, R.D. (1990). The fish and prawn communities of a 

Malaysian coastal mangrove system, with comparisons to adjacent mud flats and inshore waters. 

Estuarine, Coastal and Shelf Science, 31: 703-722. 

 

Choo, P.S. (Eds.). (1998). Proceedings from Genetics Society of Malaysia’98. The 3rd National Congress 

on Genetics, Malaysia. 

 

Chowdhury, M.S.N., Hossain, M.S., Das, N.G., & Barua, P. (2011). Environmental variables and fisheries 

diversity of the Naaf river estuary, Bangladesh. Journal of Coastal Conservation, 15: 163–180. 
 

Claridge, P.N., Potter, I.C., & Hardisty, M.W. (1986). Seasonal changes in movements, abundance, size 

composition and diversity of the fish fauna of the Severn estuary. Journal of the Marine Biology 

Association of the United Kingdom, 66: 229–258. 

 

Clarke, K.R. (1993). Nonparametric multivariate analyses of changes in community structure. Australian 

Journal of Ecology, 18: 117-143. 

 

Cochrane, S., Andersen, J.H., Berg, T., Blanchet, H., Borja, A., Carstensen, J., Elliott, M., Hummel, H., 

Niquil, N., & Renaud, P.E. (2016). What is marine biodiversity? Towards common concepts and 

their implications for assessing biodiversity status. Frontier in Marine Science, 3: 1-14. 

 
Colvocoresses, J.A., & Musick, J.A. (1984). Species associations and community composition of middle 

Atlantic Bight continental shelf demersal fishes. Fisheries Bulletin, 82(2): 295-313. 

 

© C
OPYRIG

HT U
PM



 

65 

 

Contreras-Balderas, S., & Escalante-Cavazos, M.A. (1984). Distribution and known impacts of exotic 

fishes in Mexico. In W.R. Courtenay, & J. R. Stauffer (Ed.), Distribution, Biology and 

Management of Exotic Fishes (pp. 102-130). Baltimore: Johns Hopkins University Press. 

 

Convention on Biological Diversity-Malaysia, (2016). National policy on biological diversity. Biodiversity 

and Forestry Management Division, Ministry of Natural Resources and Environment, 62574, 

Putra Jaya, Malaysia. 

 

Craig, J.M., Thomas, M.V., & Nichols, S.J. (2005). Length-weight relationship and a relative condition 

factor equation for lake sturgeon (Acipenser fulvescens) from the St. Clair river system (Michigan, 
USA). Journal of Appllied Ichthyology, 21: 81-85. 

 

Cyrus, D.P., & Blaber, S.J.M. (1987). The influence of turbidity on juvenile marine fish in the estuaries of 

Natal, South Africa. Continental Shelf Research, 7: 1411-1416. 

 

Cyrus, D.P., & Blaber, S.J.M. (1992). Turbidity and salinity in a tropical northern Australian estuary and 

their influence on fish distribution. Estuarine, Coastal and Shelf Science, 35: 454–563. 

 

Daga, V.S., Gubiani, E.A., Cunico, A.M., & Baumgartner, G. (2012). Effects of abiotic variables on the 

distribution of fish assemblages in streams with different anthropogenic activities in Southern 

Brazil. Neotropical Ichthyology, 10(3): 643-652. 
 

Dalley, E.L., & Anderson, J.T. (1997). Age dependent distribution of demersal juvenile Atlantic cod 

(Gadus morhua) in inshore/offshore northeast Newfoundland. Canadian Journal of Fisheries and 

Aquatic Sciences, 54(1.1): 168-176. 

 

Day, J.W., Hall, C.A.S., Kemp, W.M., & Yanez-Arancibia, A. (1989). Estuarine Ecology. John Wiley and 

Sons, Inc., New York.558. 

 

Deyrestani, A., Alavi-Yeganeh, A.S., & Sadeghizadeh, M. (2015). Length–weight and length–length 

relationships of six pony fish species from the Persian Gulf. Croatian Journal of Fisheries, 73: 

67-69. 

 
DoF (Department of Fisheries Malaysia), (2013). Malaysia’s National Plan of Action to Prevent, Deter, 

and Eliminate Illegal, Unreported, and Unregulated Fishing (Malaysia’s NPOA-IUU), DoF, 

Malaysia. 

 

Dumas, A., France, J., & Bureau, D.P. (2007). Evidence of three growth stanzas in rainbow trout 

(Oncorhynchus mykiss) across life stages and adaptation of the thermal-unit growth coefficient. 

Aquaculture, 267: 139-146. 

 

Duncan, D., Harvey, F., Walker, M., & Australian Water Quality centre (2007). EPA Guidelines; 

Regulatory Monitoring and Testing Water and Wastewater Sampling. Environment Protection 

Authority. 
 

Ebil, S., Charles, R.C., Wahab, R., Price, R., Andrew R.G., & Bull, J.C. (2013). Changes in community 

structure of finfish catches in Brunei Darussalam between 2000 and 2009. Ocean and Coastal 

Management, 76: 45-51. 

 

Fei, H., He, B., & Chen, G. (1981). The regional and seasonal variations of diversity and dominant species 

of demersal fish communities in continental shelf of northern Nanhai. Journal of Fisheries of 

China, 5 (1): 1-20. 

 

Fischer, A. G. (1960). Latitudinal variation in organic diversity. Evolution, 14: 64-81. 

 

Fisher, R.A., Corbet, A.S., & Williams, C.B. (1943). The relationship between the number of species and 
the number of individuals in a random sample of an animal population. Journal of Animal 

Ecology, 12: 42-58. 

 

© C
OPYRIG

HT U
PM



 

66 

 

Flewwelling, P., & Hosch, G. (2004). Country review: Malaysia. In De Young, C. (Ed.), Review of the 

State of World Marine Capture Fisheries Management: Indian Ocean (pp. 555-568). FAO 

fisheries technical paper-488. Rome. 

 

Fowler, A.J., Doherty, P.J., & Williams, D.Mc.B. (1992). Multi-scale analysis of recruitment of a coral 

reef fish on the Great Barrier Reef. Marine Ecology Progress Series, 82: 131-141. 

 

Franz, D. (1976). Benthic molluscan assemblages in relation to sediment gradients in northeastern Long 

Island Sound, Connecticut. Malacologia, 15: 377-399. 

 
Froese, R. (2006). Cube law, condition factor and weight–length relationships: history, meta-analysis and 

recommendations. Journal of Applied Ichthyology, 22: 241–253. 

 

Froese, R., & Pauly, D. (Eds). (2018). FishBase. World Wide Web electronic publication. Available at: 

http://www.fishbase.org (accessed on 25 March 2018). 

 

Fulton, E.A., Smith, A.D.M., & Punt, A.E. (2005). Which ecological indicators can robustly detect effects 

of fishing? ICES journal of Marine Science, 62: 540-551. 

 

Galacatos, K., Barriga-Salazar, R., & Stewart, D.J. (2004). Seasonal and habitat influences on fish 

communities within the lower Yasuni River basin of the Ecuadorian Amazon. Environmental 
Biology of Fishes, 71: 33-51. 

 

Gambang, A.C., Rajali, H.B., & Awang, D. (2003). Overview of Biology and Exploitation of the Small 

Pelagic Fish Resources of the EEZ of Sarawak, Malaysia. Fisheries Research Institute, Sarawak, 

Malaysia. 

 

Garces, L.R., Alia, M., Abu Talib, A., Norizam, M., & Silvestre, G.T. (Eds.). (2003). Proceeding from the 

WorldFish Centre’03. Assessment, Management and Future Directions for Coastal Fisheries in 

Asian Countries. Malaysia. 

 

Ghilarov, A. (1966). What does biodiversity mean- scientific problem or convenient myth? Perspective. 

Trend in Ecology and Evolution, 11: 7-16. 
 

Gislason, H., & Rice, J. (1998). Modelling the response of size and diversity spectra of fish assemblages to 

changes in exploitation. ICES Journal of Marine Science, 55: 362-370. 

 

Glazier, D.S. (2005). Beyond the ¾ power law; variation in the intra and interspecific scaling of metabolic 

rate in animals. Biology Reviews, 80: 611-662. 

 

Godoy, E.A.S., Tito, C.M.A., & Zalmon, I.R. (2002). Fish assemblage and environmental variables on an 

artificial reef north of Rio de Janeiro, Brazil. ICES Journal of Marine Science, 59: 138-143. 

 

Good, I.J. (1953). The population frequencies of species and the estimation of population parameters. 
Biometrika, 40: 237-264. 

 

Gotelli, N.J., & Colwell, R.K. (2001). Quantifying biodiversity: Procedures and pitfalls in the 

measurement and comparison of species richness. Ecology Letters, 4: 379- 391. 

 

Grassle, J.F., & Maciolek, N.J. (1992). Deep-sea species richness: Regional and local diversity estimates 

from quantitative bottom samples. The American Naturalist, 139(2): 313-341. 

 

Gratwicke, B., & Speight, M.R. (2005). The relationship between fish species richness, abundance and 

habitat complexity in a range of shallow tropical marine habitats. Journal of Fish Biology, 66: 

650-667. 

 
Gray, J.S. (2000). The measurement of marine species diversity, with an application to the benthic fauna of 

the Norwegian continental shelf.  Journal of Experimental Marine Biology and Ecology, 250: 23–

49. 

 

© C
OPYRIG

HT U
PM

http://www.fishbase.org/


 

67 

 

Gray, J.S. (1997). Marine biodiversity: patterns, threats and conservation needs. Biodiversity and 

Conservation, 6: 153-175. 

 

Greenstreet S., Fraser, H., Piet, G., Robinson, L., Callaway, R., Reiss, H., Ehrich, S., Kroncke, I., 

Craeymeersch, J., Lancaster, J., Jorgensen, L., & Goffin, A. (2007). Species Composition, 

Diversity, Biomass and Production of the Demersal Fish Community of the North Sea. Fisheries 

Research Services Collaborative Report No. 07/07, Fisheries Research Services Marine 

Laboratory 375 Victoria Road Aberdeen AB11 9DB. 

 

Hannah, Lee (2015). Climate Change Biology (2nd edition). Elsevier Ltd. 
 

Harris, J.H. (1995). The use of fish in ecological assessments. Australian Journal of Ecology, 20: 65–80. 

 

Hashemi, S.A., Ghorbani, R., Kymaram, F., Hossini, S.A., & Eskandari, G. (2015). Fish species 

composition, distribution and abundance in Shadegan Wetland. Fisheries and Aquaculture 

Journal, 6(2): 1-8. 

 

Hassan, R.B.R., & Latun, A.R. (2016). Purse seine fisheries in the Southeast Asian countries: A regional 

synthesis. Fish for the People, 14(1): 7-15. 

 

Henderson, P.A. (1989). On the structure of the inshore fish community of England and Wales. Journal of 
Marine Biology Association of the United Kingdom, 69: 145-163. 

 

Hildrew, A.G., Raffaelli, D.G., & Edmonds-Brown, R. (2007). Body Size: The Structure and Function of 

Aquatic Ecosystems. Cambridge University Press, Cambridge, UK, 343 pp. 

 

Hill, M.O. (1991). Patterns of species distribution in Britain elucidated by canonical correspondence 

analysis. Journal of Biogeography, 18: 247-255. 

 

Hinton, M.G., & Maunder, M.N. (2003). Methods for Standardizing CPUE and How to Select among 

Them. Inter-American tropical Tuna Commission, SCRS/2003/034. 

 

Hoffman, J.C., Bonzek, C.F., & Latour, R.J. (2009). Estimation of bottom trawl catch efficiency for two 
demersal fishes, the Atlantic croaker, and white perch in Chesapeake Bay. Marine and Coastal 

Fisheries: Dynamics, Management, and Ecosystem Science, 1(1): 255-269. 

 

Holmgren-Urba, D., & Baumgartner, T.R. (1993). A 250-year history of pelagic fish abundance from 

anaerobic sediments of the central Gulf of California. CalCOFI Report, 34: 136–140. 

 

Horn, M.H., Martin, K.L.M., & Chotkowski, M.A. (1999). Intertidal Fishes: Life in Two Worlds. 

Academic Press, San Diego, CA, 399. 

 

Hortal, J., Lobo, J.M., & Valverde, A.J. (2007). Limitations of biodiversity database: Case study on seed-

plant diversity in Tenerife, Canary Island. Conservation Biology, 21(3): 853-863. 
 

Hoque, M.M., Abu Hena, M.K., Idris, M.H., Ahmed, O.H., Saifullah, A.S.M., & Billah, M. (2015). Status 

of some fishery resources in a tropical mangrove estuary of Sarawak, Malaysia. Marine Biology 

Research, 11(8): 834–846. 

 

Hutchinson, G. E. (1959). Homage to Santa Rosalia, or why are there so many kinds of animals? The 

American Naturalist, 93: 145-159. 

 

Idris, M.H., Arshad, A., Amin, S.M.N., Japar, S.B., Daud, S.K., Mazlan, A.G., Zakaria, M.S., & Yusoff, 

F.M. (2012). Age, growth and length–weight relationships of Pinna bicolor Gmelin (Bivalvia: 

Pinnidae) in the seagrass beds of Sungai Pulai Estuary, Johor, Peninsular Malaysia. Journal of 

Applied Icthyology, 28: 597-600. 
 

Ikhwanuddin, M.E.M., Amal, M.N.A., Hasan, S.S.H.H., & Jamil, N.R. (2016). Environmental influences 

on fish assemblages of the upper Sungai Pelus, Kuala Kangsar, Perak, Malaysia. Sains 

Malaysiana, 45(10): 1487-1495. 

© C
OPYRIG

HT U
PM



 

68 

 

 

Isa, M.M., Basri, M.N.A., Zawawi, M.Z.M., Yahya, K., & Nor, S.A.M. (2012). Length-weight 

relationships of some important estuarine fish species from Merbok estuary, Kedah. Journal of 

Natural Sciences Research, 2(2): 8-17. 

 

Islam, G., Mohammad, N., Noh, K.M., & Yew, T.S. (2011). Measuring productivity in fishery sector of 

Peninsular Malaysia. Fisheries Research, 108: 52-57. 

 

Izsak, J., & Papp, L. (2000). A link between ecological diversity indices and measures of biodiversity. 

Ecological Modelling, 130: 151-156. 
 

Jahara, Y. (1988). Fishery management and regulation in peninsular Malaysia: Issues and constraints. 

Marine Resource Economics, 5: 83-98. 

 

Jalal, K.C.A., Azfar, M.A., John, B.A., Kamaruzzaman, Y.B., & Shahbudin, S. (2012). Diversity and 

community composition of fishes in tropical estuary Pahang Malaysia. Pakistan Journal of 

Zoology, 44(1): 181-187. 

 

Jaureguizar, A.J., Menni R., Lasta, C., & Guerrero, R. (2006). Fish assemblages of the northern argentine 

coastal system: Spatial patterns and their temporal variations. Fisheries Oceanography, 15(4): 

326-344. 
Jennings, S., & Kaiser, M.J. (1998). The effects of fishing on marine ecosystems.  In J.H.S. Blaxter, A.J. 

Southward, and P.A. Tyler (Ed.). Advances in Marine Biology (pp.  201-352). Academic Press, 

London. 

 

Jin, X., & Tang, Q. (1996). Changes in fish species diversity and dominant species composition in the 

Yellow sea. Fisheries Research, 26: 337-352. 

 

Johan, I., Maznah, W.O.W., Mashhor, M., Abu Hena, M.K., & Amin, S.M.N. (2012). Spatial distribution 

of copepods along the salinity gradient of Perai river estuary. Penang, Malaysia. Pakistan Journal 

of Biological Sciences, 15(13): 647-652. 

 

Johan, I., Abu Hena, M.K., Idris, M.H., & Arshad, A. (2013). Taxonomic composition and abundance of 
zooplankton copepoda in the coastal waters of Bintulu, Sarawak, Malaysia. Journal of Fisheries 

and Aquatic Science, 8(3): 472-479. 

 

Kawasaki, T. (1993). Recovery and collapse of the Far Eastern sardine. Fisheries Oceanography, 2: 244–

253. 

 

Kementerian Pertanian. (1957). Status report: Fisheries of Federation of Malaysia. Kuala Lumpur 

(Fisheries Division, Ministry of Agricultural and Co-operatives), Malaysia. URL: 

http://www.dof.gov.my/documents/10157/1a0f4506-bba7-4759-80bb-f466112211be (accessed 

May 31, 2013). 

 
Keys, A.B. (1928). The weight-length relationship in fishes. Proceedings of the National Academy of 

Sciences of the United States of America, 14(12): 922-925. 

 

Kimmerer, W., Avent, S.R., Bollens, S.M., Feyrer, F., Grimaldo, L.F., Moyle, P.B., Nobriga, M., & 

Visintainer, T. (2005). Variability in length-weight relationships used to estimate biomass of 

estuarine fish from survey data. Transactions of the American Fisheries Society, 134(2): 481-495. 

 

Kirkley, J.E., Dale, S., Alam, M.F., & Omar, I.H. (2003). Capacity and Offshore Fisheries Development: 

The Malaysian Purse Seine fishery. In: S. Pascoe, & D. Greboval (Ed.). Measuring Capacity in 

Fisheries, pp. 314. FAO fisheries Technical paper. No. 445. Rome. 

 

Kitamura, H., Ishitani, H., Kuge, Y., & Nakamoto, M. (1982). Determination of nitrate in freshwater and 
sea water by a hidrazine reduction method. Suishitu Odakukenkyu, 5: 35–42. 

 

© C
OPYRIG

HT U
PM



 

69 

 

Koutrakis, E.T., Kokkinakis, A.K., Eleftheriadis, E.A. & Argyropoulou, M.D. (2000). Seasonal changes in 

distribution and abundance of the fish fauna in the two estuarine systems of Strymonikos gulf 

(Macedonia, Greece). Belgian Journal of Zoology, 130: 43-50. 

 

Kupschus, S., & Tremain, D. (2001). Associations between fish assemblages and environmental factors in 

nearshore habitats of a subtropical estuary. Journal of Fish Biology, 58: 1383-1403. 

 

Lagler, K.F. (1956). Freshwater Fishery Biology (2nd Edition). W.C. Brown Company.Dubuque, Lowa. 

 

Lalli, C.M., & Parsons, T.R. (1997). Biological Oceanography-An Introduction. Second Edition. 
University of British Columbia, Vancouver, Canada. 

 

Laroche, J., Baran, E., & Rasoanandrasana, N.B. (1997). Temporal patterns in a fish assemblage of a 

semiarid mangrove zone in Madagascar. Journal of Fish Biology, 51: 3–20. 

 

Le Cren, E.D. (1951). The length-weight relationship and seasonal cycle in gonad weight and condition in 

the perch (Perca fluviatilis). Journal of Animal Ecology, 20(2): 201-219. 

 

Lee, C.W., & Bong, C.W. (2008). Bacterial abundance and production, and their relation to primary 

production in tropical coastal waters of Peninsular Malaysia. Marine and Freshwater Research, 

59: 10-21. 
 

Leh, C.M.U, Poon, S.K., & Siew, Y.C. (1985). Temperature related phenomena affecting the sex of green 

turtle (Chelonia mydas) hatchling in the Sarawak turtle island. The Sarawak Museam Journal, 

34(55): 183-193. 

 

Lenihan, H.S., & Peterson, C.H. (1998). How habitat degradation through fishery disturbance enhances 

impacts of hypoxia on oyster reefs. Ecological Applications, 8: 128–140. 

 

Lie, U. (1983). Marine ecosystems: Research and management. Impact of Science on Society, 33: 277–292. 

 

Lluch-Belda, D., Crawford, J.M., Kawasaki, T., MacCall, A.D., Parrish, R.H., Schwartzlose, R.A., & 

Smith, P.E. (1989). Worldwide fluctuations of sardine and anchovy stocks: The regime problem. 
South African Journal of Marine Science, 8: 195–205. 

 

Lomeli, K.C. (2011). Correlations between Fish Abundance and Physicochemical Parameters in 

Humboldt Bay, California. (Unpublished Thesis). Humboldt State University. 

 

Lomoljo, R.M., Ismail, A., & Yap, C.K. (2009). Nitrate, ammonia and phosphate concentrations in the 

surface water of Kuala Gula bird sanctuary, west coast of Peninsular Malaysia. Pertanika Journal 

of Tropical Agricultural Science, 32(1): 1-5. 

 

Long, S.M. (2014). Sarawak coastal biodiversity: A current status. Kuroshio Science, 8(1): 71-84. 

 
Longhurst, A., & Pauly, D. (1987). Ecology of Tropical Oceans. Academic Press, pp. 407, San Diego. 

 

Lowe-McConnell, R.H. (1987). Ecological Studies in Tropical Fish Communities. 

Cambridge University Press, Cambridge. 

 

Mace, G., Masundire, H., Baillie, J., Ricketts, T., & Brooks, T. (2005). Biodiversity. In R. Hassan, R. 

Scholes, & N. Ash (Ed.). Ecosystems and Human Well-Being: Current State and Trends (pp. 77-

122). Findings of the Condition and Trends Working Group. Ireland. 

 

Magurran, A.E., Khachonpisitsak, S., & Ahmad, A.B. (2011). Biological diversity of fish communities: 

Pattern and process. Journal of Fish Biology, 79: 1393-1412. 

 
Magurran, A.E. (1988). Ecological Diversity and its Measurement. Chapman and Hall, London. 

 

Mansor, M.I., Mohammad-Zafrizal, M.Z., Nur-Fadhilah, M.A., Khairun, Y., & Wan-Maznah, W.O. 

(2012). Temporal and spatial variations in fish assemblage structures in relation to the 

© C
OPYRIG

HT U
PM



 

70 

 

physicochemical parameters of the Merbok estuary, Kedah. Journal of Natural Sciences 

Research, 2(7): 110-127. 

 

Margalef, R. (1969). Composición especifica del fitoplancton de la costa catalano- levantina (Mediterráneo 

occidental) en 1962-1967. Investigacion Perquera, 33(1): 345-380. 

 

Marshall, S., & Elliott, M. (1998). Environmental influences on the fish assemblages of the Humber 

estuary, U.K. Estuarine, Coastal and Shelf Science, 46: 175-184. 

 

Martin-Smith, K.M. (1996). Length weight relationships of fishes in a diverse tropical freshwater 
community, Sabah, Malaysia. Journal of Fish Biology, 49: 731-734. 

 

Martin-Smith, K.M. (1998). Relationship between fishes and habitat in rainforest streams in Sabah, 

Malaysia. Journal of Fish Biology, 52: 458-482. 

 

Mazlan, A.G., & Seah, Y.G. (2006). Meristic and length-weight relationship of ponyfishes (Leiognathidae) 

in the coastal water of pulau Sibu-tinggi, Johor, Malaysia. Malaysian Applied Biology Journal, 35 

(1): 27-35. 

 

Metin C., Tosunoglu Z., Tokac A., Lok, A., Aydin, C., & Kaykac, H. (2000). Seasonal variations of the 

demersal fish composition in Gulbahce Bay (Izmir bay). Turkish Journal of Zoology, 24: 437-446. 
 

McLusky, D.S. (1989). The Estuarine Ecosystem. Chapman and Hall, Glasgow, 215 pp. 

 

Miller, G.A., & Madow, W.G. (1954). On the Maximum Likelihood Estimate of the Shannon-Wiener 

Measure of Information. Air Force Cambridge Research Center, Bolling Air Force Base, 

Washington, D.C. 

 

Minton, G., Peter, C., & Tuen, A.A. (2011). Distribution of small cetaceans in the nearshore waters of 

Sarawak. Raffles Bulletin of Zoology, 59: 91-100. 

 

Mittelbach, G.G., Christopher, F., Steiner, I., Samuel, M., Scheiner, K.G., Heather, R., Robert, B., 

Michael, R., Willig, S., Dodson, S., & Laura, G. (2001). What is the observed relationship 
between species richness and productivity? Ecology, 82(9): 2381-2396. 

 

Mohsin, A.K.M., & Ambak, M.A. (1996). Marine Fishes and Fisheries of Malaysia and Neighbouring 

Countries. Serdang: Universiti Pertanian Malaysia Press. 

 

Morgan, J. R., & Valencia, M. J. (1983). “The natural environment setting. In Morgan, J. R. and Valencia, 

M. J. (Ed.), Atlas for Marine Policy in Southeast Asian Seas (pp. 56-86). University of California 

Press. 

 

Morpi, M. (2012, September 2). “Shrinking Marine Resources Threaten Fishery.” Borneo Post Online. 

Sarawak, Malaysia. 
 

Munprasit, A., Soodhom, S., Theparoonrat, Y., Matsunaga, Y., Sae-Ung, S., Chokesanguan, B., & 

Siriraksophon, S. (1989). “Fishing gear and methods in Southeast Asia: ΙΙ Malaysia”.  SEAFDEC 

Publication 338 p. Malaysia. 

 

Mustapha, M. (2014). Application of empirical equations from length at maturity to predict life history 

indices of Oreochromis niloticus Linnaeus, 1758 (Cichlidae) cultured under 24L: 0D photoperiod. 

Romanian Journal of Biology-Zoology, 59(2): 163-172. 

 

Nagelkerken, I. (Eds.). (2009). Ecological Connectivity among Tropical Coastal Ecosystem, pp.607. 

Springer Inc. 

 
National Science Board (1989). Loss of biological diversity: A global crisis requiring international 

solutions. NSB-89-171. National Science Foundation, Washington, D.C. 

 

© C
OPYRIG

HT U
PM



 

71 

 

Nettley, T., Rajaee, A.H., Denil, N.A., Idris, M.H., Nesarul, M.H., Amin, S.M.N., & Abu Hena, M.K. 

(2016). Reproductive biology of Nemipterus japonicus (Bloch, 1791) from the coastal waters of 

Bintulu (South China Sea), Sarawak, Malaysia. Journal of Environmental Biology, 37: 715-724. 

 

Nevarez-Martinez, M.O., Lluch-Belda, D., Cisneros-Mata, M., Santos-Molina, J.P., Martinez-Zavala, 

M.D.A., & Lluch-Costa, S.E. (2011). Distribution and abundance of the Pacific sardine 

(Sardinops sagax) in the Gulf of California and their relation with the environment. Progress in 

Oceanography, 49: 565-580. 

 

Newton, A., Carruthers, T.J.B., & Icely, J. (2012). The coastal syndromes and hotspots on the coast. 
Estuarine, Coastal and Shelf Science, 96: 39–47. 

 

Norris, S.M., Fisher, J.M., & Minckley, W.L. (2003). Gila brevicauda (Osteichthyes, Cypriniformes), a 

new species of fish from the Sierra Madre Occidental de México. Ichthyological Exploration of 

Fresh Waters, 14: 19-30. 

 

Nuruddin, A.A., & Isa, S.M. (2013). Trawl Fisheries in Malaysia- Issues, Challenges and Mitigating 

Measures. FAO- APFIC Regional Expert Workshop on Tropical Trawl Fishery Management 30th 

September- 4th October 2013, Phuket, Thailand. 

 

Nyanti, L., Ling, T.Y., & Jongkar, G. (2012). Fish and crustacean communities and fish length-weight 
relationship of Lutong river, Miri, Sarawak, Malaysia. World Journal of Fish and Marine 

Sciences, 4(1): 102-110. 

 

Nyanti, L., Grinang, J., Bali, J., & Ismail, N. (2014). Fish fauna and fisheries in the coastal waters of 

Similajau, Bintulu, Sarawak, Malaysia. Kuroshio Science, 8(1): 53-57. 

 

Ogawa, Y. (2004). Marine fisheries management and utilization of fishing grounds in Malaysia. Japan 

Agricultural Research Quarterly, 38(3): 209-212. 

 

Olson, C.F. (1995). Parallel algorithms for hierarchical clustering. Parallel Computing, 21(8): 1313-1325. 

 

Omori, M., & Ikeda, T. (1985). Methods in Marine Zooplankton Ecology. pp. 332 pp. John Wiley. 
 

Ooi, Jin-Bee (1990). Development Problems of an Open-Access Resource: The Fisheries of Peninsular 

Malaysia. Institute of Southeast Asian Studies, Singapore. 

 

Ooi, A.L., & Chong, V.C. (2011). Larval fish assemblages in a tropical mangrove estuary and adjacent 

coastal waters: Offshore-inshore flux of marine and estuarine species. Continental Shelf Research, 

31: 1599-1610. 

 

Osore, M.K.W., Tackx, M.L.M., & Daro, M.H. (1997). The effect of rainfall and tidal rhythm on the 

community structure and abundance of the zooplankton of Gazi Bay, Kenya. Hydrobiologia, 356: 

117-126. 
 

Parsons, T.R., Maita, Y., & Lalli, C.M. (1984). A Manual of Chemical and Biological Methods for 

Seawater Analysis, pp.173. Pergamon press. 

 

Pauly, D. (1980). “A selection of simple methods for the assessment of tropical fish stocks”. FAO 

Fisheries Technical Paper (234), 52p. 

 

Pease, A.A., Jason, M. Taylor, K., Winemiller, O., & King, R.S. (2011). Multiscale environmental 

influences on fish assemblage structure in central Texas streams, Transactions of the American 

Fisheries Society, 140(5): 1409-1427. 

 

Pham, H.T. (2015). The limits in current biodiversity conservation. Reviews in Agricultural Science, 3: 54-
60. 

 

© C
OPYRIG

HT U
PM



 

72 

 

Pet-Soede, C., van Densen, W.L.T., Pet, J.S., & Machiels, M.A.M. (2001). Impact of Indonesian coral reef 

fisheries on fish community structure and the resultant catch composition. Fisheries Research, 51: 

35-51. 

 

Peters, R.H. (1983). The Ecological Implications of Body Size. Cambridge University Press, Cambridge, 

UK, 344 p. 

 

Pielou, E.C. (1975). Ecological Diversity. Wiley, New York. 

 

Pielou, E.C. (Eds.). (1966a). Proceedings from BSMSP’66. The Fifth Berkeley Symposium on 
Mathematical Statistics and Probability. California. 

 

Pielou, E.C. (1966b). Shannon’s formula as a measure of specific diversity: Its use and misuse. Letters to 

the editors, The American Naturalist, 100: 463-465. 

 

Pieterse, N.M., Bleuten, W., & Jorgensen, S.E. (2002). Contribution of point sources and diffuse sources to 

nitrogen and phosphorus loads in lowland rivers tributaries. Journal of Hydrology, 271: 213-225. 

 

Pinto, L. (1987). Environmental factors influencing the occurrence of juvenile fish in the mangroves of 

Pagbilao, Philippines. Hydrobiologia, 150: 283-301. 

 
Ponnampalam, L.S. (2012). Opportunistic observations on the distribution of cetaceans in the Malaysian 

South China, Sulu and Sulawesi seas and an updated checklist of marine mammals in Malaysia. 

The Raffles Bulletin of Zoology, 60(1): 221-231. 

 

Potter, I.C., Claridge, P.N., Hyndes, G.A., & Clarke, K.R. (1997).  Seasonal, annual and regional variations 

in ichthyofaunal composition in the inner Severn estuary and inner Bristol Channel. Journal of the 

Marine Biological Association of the United Kingdom, 77: 507–525. 

 

Radhi, A.M., Fazlinda, M.F.N., Amal, M.N.A., & Rohasliney, H. (2018). A review of length-weight 

relationships of freshwater fishes in Malaysia. Transylvanian Review of Systematical and 

Ecological Research, 20(1): 55-68. 

 
Rahim, A.K.A., Daud, S.k., Siraj, S.S., Arshad, A., Esa, Y., & Ibrahim, E.R. (2009). Freshwater fish 

diversity and composition in Batang Kerang floodplain, Balai Ringin, Sarawak.  Pertanika 

Journal of Tropical Agricultural Science, 32(1): 7-16. 

 

Rahman, R.A. (1986). Chlorophyll a content of the South-Western Portion of the South China Sea. In 

A.K.M. Mohsin, R.A. Rahman, & M.A. Ambak (Ed.). Ekspedisi Matahari' 86: A Study on the 

Offshore Waters of the Malaysian Eel. (pp.61-63). Faculty of Fisheries and Marine Science, 

Universiti Pertanian Malaysia. Occasional Publication No.4. 

 

Rahman, M.M., & Hafzath, A. (2012). Condition, length-weight relationship, sex ratio and gonadosomatic 

index of Indian Mackerel (Rastrelliger kanagurta) captured from Kuantan coastal water. Journal 
of Biological Sciences, 12(8): 426-432. 

 

Rajali, H.B., & Rumpet, R. (1991). “Distribution and biological status of the pelagic resources off 

Sarawak, Malaysia”. Fisheries Bulletin-68, Department of Fisheries, Malaysia. 

 

Rajali, H.B., Gambang, A.C., Hamid, I.A., Hassan, R.B.R., Awang, D., Shiomi, K., & Fujiwara, S. (1998). 

Proceedings from SEAFDEC’98. The SEAFDEC Technical Seminar on the Interdepartmental 

Collaborative Research Program in the South China Sea, Area II: Sarawak, Sabah, and Brunei 

Darussalam. Kuala Lumpur, Malaysia. 

 

Rakocinski, C.F., Shultz, J.L., & Richardson, S.L. (1996). Ichthyoplankton assemblage structure in 

Mississippi Sound as revealed by canonical correspondence analysis. Estuarine, Coastal and Shelf 
Science, 43: 237-257. 

 

Reice, S.R. (1994). Nonequilibrium determinants of biological community structure. American Scientist, 

82: 424–435. 

© C
OPYRIG

HT U
PM



 

73 

 

 

Renner-Martin, K., Brunner, N., Kuhleitner, M., Nowak, W.G., & Scheicher, K. (2018). On the exponent 

in the Von Bertalanffy growth model. PeerJ, 6:e4205. doi: 10.7717/peerj.4205. 

 

Resh, V.H., Brown, A.V., Covich, A.P., Gurtz, M.E., Li, H.W., Minshal, G.W., Reice, S.R., Sheldon, A.L., 

Wallace, J.B., & Wissmar, R.C. (1988). The role of disturbance theory in stream ecology. Journal 

of the North American Benthological Society, 7: 433–455. 

 

Rezai, H., Yusoff, F.M., Arshad, A., Kawamura, A., Nishida, S., & Ross, O.B.H. (2004). Spatial and 

temporal distribution of copepods in the Straits of Malacca. Zoological Studies, 43(2): 486-497. 
 

Rice, J.C. (2000). Evaluating fishery impacts using metrics of community structure. ICES Journal of 

Marine Science, 57: 682–688. 

 

Richard, R., Daud, A., Jamil, M., & Biusing, R. (1998). Proceedings from SEAFDEC’98. Technical 

Seminar on the Interdepartmental Collaborative Research Program in the South China Sea, Area 

II: Sarawak, Sabah, and Brunei Darussalam. Kuala Lumpur, Malaysia. 

 

Ricker, W.E. (1979). Growth rates and models. In: W.S. Hoar, D.J. Randall, & J.R. Brett (Ed.), Fish 

Physiology, III, Bioenergetics and Growth (Pp. 677-743). Academic Press, New York. 

 
Rijnsdorp, A.L., Niels, D., & Heessen, H.J.L. (1996). Changes in abundance of demersal fish species in 

the North Sea between 1906-1909 and 1990-1995. ICES Journal of Marine Science, 53(6): 1054- 

1062. 

 

Rintos. (2014, May 18). Conserving Denizens of the Deep. Borneo Post Online. 

 

Rivera, C.M. (2013). Influence of rainfall pattern in the seasonal variation of fish abundance in a tropical 

estuary with restricted marine communication. Journal of Water Resource and Protection, 5: 311-

319. 

 

Robertis, A.D., & Williams, K. (2008). Weight-length relationships in fisheries studies: the standard 

allometric model should be applied with caution. Transactions of the American Fisheries Society, 
137: 707-719. 

 

Robertson, A.I., & Duke, N.C. (1990a). Mangrove fish communities in tropical Queensland, Australia: 

Spatial and temporal patterns in densities, biomass and community structure. Marine Biology, 

104: 369–379. 

 

Robertson, A.I., & Duke, N.C. (1990b). Recruitment, growth and residence time of fishes in a tropical 

Australian mangrove system. Estuarine, Coastal and Shelf Science, 31: 723–743. 

 

Rooker, J.R., Dennis, G.D., & Goulet, D. (1996). Sampling larval fishes with a nightlight lift-net in 

tropical inshore waters. Fisheries Research, 26: 1-15. 
 

Ruiz, G.M., Hines, A.H., & Posey, M.H. (1993). Shallow water as a refuge habitat for fish and crustaceans 

in non-vegetated estuaries: an example from Chesapeake Bay. Marine Ecology Progress Series, 

99: 1–16. 

 

Rumeaida, M.P., Daud, S.M.M., & Badri, F.M.I. (2014). Fish diversity and abundance in Bidong island, 

South China Sea, Malaysia. Aquaculture Aquarium Conservation and Legislation Bioflux, 7(3): 

176-183. 

 

Rumpet, R., Daud, A., Jamil, M., & Biusing, R. (1998). Proceedings from SEAFDEC’98. SEAFDEC 

Technical Seminar on the Interdepartmental Collaborative Research Program in the South China 

Sea, Area II: Sarawak, Sabah, and Brunei Darussalam. Kuala Lumpur, Malaysia.  
 

Saadon, N., Lim, P. K., Snidvongs, A., & Anawat, P.R. (1997). Proceeding from SEAFDEC’97. 

SEAFDEC Technical Paper on Physical Characteristics of Watermass in the South China Sea, 

Area II: Sarawak, Sabah and Brunei Darussalam Waters. Kuala Lumpur, Malaysia. 

© C
OPYRIG

HT U
PM

http://www1.sarawak.com.my/org/frisb/publication/richardndaud.pdf
http://www1.sarawak.com.my/org/frisb/publication/richardndaud.pdf
http://www1.sarawak.com.my/org/frisb/publication/richardndaud.pdf


 

74 

 

 

Safran, P. (1992). Theoretical analysis of the weight-length relationship in fish juveniles. Marine Biology, 

112: 545-551. 

 

Saifullah, A.S.M., Abu Hena, M.K., Idris, M.H., Rajaae, A.H., & Johan, I. (2014a). Composition and 

diversity of phytoplankton from mangrove estuaries in Sarawak, Malaysia. Journal of Biological 

Sciences, 14 (5): 361-369. 

 

Saifullah, A.S.M., Abu Hena, M.K, Idris, M.H., Rajaae, A.H., & Johan, I., (2014b). Seasonal variation of 

water characteristics in Kuala Sibuti river estuary in Miri, Sarawak, Malaysia. Malaysian Journal 
of Science, 33(1): 9-22. 

 

Saini, M., Arshad, A., Amin, S.M.N., & Idris, M.H. (2011). Growth, mortality, recruitment of planktonic 

shrimp, Acetes intermedius in the coastal waters of Bintulu, Sarawak, East Malaysia. Journal of 

Fisheries and Aquatic Science, 6(7): 780-787. 

 

Seah, Y.G., Chua, Y.N., Sam, C.W., & Teoh, H.Y. (2016). Length-weight relationships of seven fish 

species from a fish landing port at Sungai Udang, Penang, Malaysia. Journal of Applied 

Icthyology, 32(6):1353-1355. 

 

Selleslagh, J., & Amara, R. (2008). Inter-season and interannual variations in fish and macrocrustacean 
community structure on an eastern English Channel sandy beach: Influence of environmental 

factors. Estuarine, Coastal and Shelf Science, 77: 721-730. 

 

Selleslagh, J., & Amara, R. (2007). Temporal variations in abundance and species composition of fish and 

epibenthic crustaceans of an intertidal zone: environmental factor influence. Cybium, 31(2): 155-

162. 

 

Shannon, L.V., Crawford, R.J.M., Brundrit, G.B., & Underhill, L.G. (1988). Responses of fish populations 

in the Benguela ecosystem to environmental change. Journal du Conseil Permanent du Conseil 

International de l’Exploration de la Mer, 45: 5–12. 

 

Shaari, F., & Mustapha, M.A. (2017). Factors influencing the distribution of chl-a along coastal waters of 
East Peninsular Malaysia. Sains Malaysiana, 46(8): 1191– 1200. 

 

Siddique, M.A.M., Arshad, A., & Amin, S.M.N. (2015). Length-weight and length-length relationships of 

two tropical fish Secutor megalolepis (Mochizuki and Hayashi, 1989) and Rhabdamia gracilis 

(Bleeker, 1856) from Sabah, Malaysia. Journal of Applied Ichthyology, 31: 574–575. 

 

Siddique, M.A.M., Khan, M.S.K., Habib, A., Bhuiyan, M.K.A., & Aftabuddin, S. (2016). Size frequency 

and length-weight relationships of three semi-tropical cephalopods, Indian squid Photololigo 

duvaucelii, needle cuttlefish Sepia aculeate, and spineless cuttlefish Sepiella inermis from the 

coastal waters of Bangladesh, Bay of Bengal. Zoology and Ecology, 3: 1-5. 

 
Sidik, M.J., Nabi, M.R., & Hoque, M.A. (2008). Distribution of phytoplankton community in relation to 

environmental parameters in cage culture area of Sepanggar Bay, Sabah, Malaysia. Estuarine, 

Coastal and Shelf Science, 80: 251–260. 

 

Silva, J.F., Ellis J.R., & Ayers, R.A. (2013). Length-weight relationships of marine fish collected from 

around the British Isles. Cefas Lowestoft, 150: 109 pp. 

 

Silvestre, G., & Pauly, D. (1997). Proceedings from ICLARM’97. Status and Management of Tropical 

Coastal Fisheries in Asia. Phillipines. 

 

Sinclair, A.R.E., Hik, D.S., Schmitz, O.J., Scudder, G.G.E., Turpin, D.H., & Larter, N.C. (1995). 

Biodiversity and the need for habitat renewal. Ecological Applications, 5: 579–587. 
 

Solbrig, O.T. (1992). The IUBS-SCOPE-UNESCO program of research in biodiversity. Ecological 

Applications, 2: 131-138. 

 

© C
OPYRIG

HT U
PM



 

75 

 

Sparks, R.E., Bayley, P.B., Kohler, S.L., & Osborne, L.L. (1990). Disturbance and recovery of large 

floodplain rivers. Environmental Management, 14: 699–709. 

 

Sparre, P., & Venema, S.C. (1998). “Introduction to tropical fish stock assessment”. FAO Fisheries 

Technical Paper 306/1 Rev.2. 

 

Stanley, C.D., Clarke, R.A., McNeal, B.L., & MacLeod, B.W. (2003). Relationship of chlorophyll a 

concentration to seasonal water quality in lake Manatee, Florida. Soil and Water Science 

Department, Florida Cooperative Extension Service, IFAS, University of Florida, SL-211, 

http://edis.ifas.ufl.edu. 
 

Stirling, H.P. (1985). Chemical and Biological Methods of Water Analysis for Aquaculturist. Institute of 

Aquaculture, University of Stirling, Scotland. 

 

Sukhanova, I.N. (1978). Settling without the inverted microscope. In A. Sourina (Ed.), Phytoplankton 

Manual (pp. 97-97). UNESCO, Paris: Page Brothers (Norwich) Ltd. 

 

Suratman, S., Hee, Y.Y., & Tahir, N.M. (2014). Nutrients status of Kemaman river basin in southern South 

China Sea (Malaysia). Asian Journal of Chemistry, 26(7): 2047- 2052. 

 

Svedang, H. (2003). The inshore demersal fish community on the Swedish Skagerrak coast: regulation by 
recruitment from offshore sources. ICES Journal of Marine Science, 60: 23–31. 

 

Tan, C.K., Mansor, S., Ibrahim, H.M., & Rashid, A. (2002). Studies of sea surface temperature and 

chlorophyll a variations in east coast of Peninsular Malaysia. Pertanika journal of Science and 

Technology, 10(1): 13-24. 

 

Tang, J.F., Ye, S.W., Liu, J.S., Zhang, T.L., Zhu, F.Y., Guo, Z.Q., & Li, Z.J. (2013). Composition and 

length-weight relationships of fish species in Lake Erhai, Southern China. Journal of Applied 

Ichthyology, 29: 1179-1182. 

 

Teh, L.S.L., Zeller, D., Cabanban, A., Teh, L.C.L., & Rashid, S.U. (2007). Seasonality and historic trends 

in the reef fisheries of Pulau Banggi, Sabah, Malaysia. Coarl Reefs, 26: 251-263. 
 

Tomas, C. (1997). Identifying Marine Phytoplankton. Acdemic Press. 

 

Townsend, C.R., & Hildrew, A.G. (1994). Species traits in relation to a habitat templet for river systems. 

Freshwater Biology, 31: 265-275. 

 

Utermohl, H. (1958). Zur wervollkommnung der quantitativen phytoplankton methodic. Mitteilungen-

Internationale Vereinigung fur Limnologie, 9: 1–38. 

 

Valentina, A., Agnese, B., Antonella, C., Pia, S.M., Giovanni, P., & Massimo, L. (2009). Proposed 

standard weight equations for brown trout (Salmo trutta Linnaeus, 1758) and Barbus tyberinus 
Bonaparte, 1839 in the river Tiber basin (Italy). Electronic Journal of Ichthyology, 2: 21-29. 

 

Veiga P., Vieira L., Bexiga C., Sa, R., & Erzini, K. (2006). Structure and temporal variations of fish 

assemblages of the Castro Marim salt marsh, Southern Portugal. Estuarine, Coastal and Shelf 

Science, 70: 27-38. 

 

Vidthayanon, C. (1998). Proceedings from SEAFDEC’98. The Second Technical Seminar on Marine 

Fishery Resources Survey in the South China Sea, Area II: Sarawak, Sabah and Brunei 

Darussalam Waters. SEAFDEC, Kuala Lumpur, Malaysia. 

 

Viswanathan, K.K., Omar, I., Jeon, Y., Kirkley, J., Squires, D., & Susilowati, I. (2002).  Fishing skill in 

developing country fisheries: the Kedah, Malaysia trawl fishery. Marine Resource Economics, 16: 
293–314. 

 

© C
OPYRIG

HT U
PM

http://edis.ifas.ufl.edu/


 

76 

 

Waddell, S. (2009). Rising to the Challenge of Providing Legal Protection for the Indonesian Coastal and 

Marine Environment. In R. Cribb, M. Ford, (Ed.) Indonesia beyond the Water’s Edge: Managing 

an Archipelago State (pp. 172-194). Institute of Southeast Asian studies, Singapore. 

 

Wallace, A.R. (1878). Tropical Nature and Other Essays. Macmillan, London. 

Wang, Z., Jiangang, Z., Yujuan, Z., & Cao, Y. (2009). Phytoplankton community structure and 

environmental parameters in aquaculture areas of Daya Bay, South China Sea. Journal of 

Environmental Sciences, 21: 1268–1275. 

 

Washington, H.G. (1984). Diversity, biotic and similarity indices: a review with special relevance to 
aquatic ecosystems. Water Research, 18: 653–694. 

 

Watson, D.J., & Balon, E.K. (1985). Determination of age and growth in stream fishes of northern Borneo. 

Environmental Biology of Fishes, 13(1): 59-70. 

 

Whitfield, A.K., & Elliott, M. (2002). Fishes as indicators of environmental and ecological changes within 

estuaries: a review of progress and some suggestions for the future. Journal of Fish Biology, 61: 

229-250. 

 

Whittaker, R.H. (1960). Vegetation of the Siskiyou Mountains, Oregon and California. Ecological 

Monographs, 30: 279-338. 
 

Whittaker, R.H. (1967). Gradient analysis of vegetation. Biological Reviews, 42: 207-264. 

 

Whittaker, R.H. (1975). Communities and Ecosystems. Second Edition. New York, MacMillan. 

 

Wilber, D.H., Clarke, D.G., Burlas, M.H., Ruben, H., & Will, R.J. (2003). Spatial and temporal variability 

in surf zone fish assemblages on the coast of northern New Jersey. Estuarine, Coastal and Shelf 

Science, 56: 291-304. 

 

Winemiller, K.O., Tarim, S., Shormann, D., & Cotner, J.B. (2000). Fish assemblage structure in relation to 

environmental variation among Brazos river oxbow lakes. Transaction of the American Fisheries 

Society, 129: 451- 468. 
 

Wilson, E.O. (1988). The current state of biological diversity. In E.O. Wilson, and F.M. Peter (Ed.). 

Biodiversity (pp. 3-20). National Academy Press. Washington D.C. 

 

Wong, B.Y., Ong, H.K.A., & Khoo, G. (2015). Length-weight relationships of Acetes sp. sampled along 

the coast of Peninsular Malaysia. Sains Malaysiana, 44(3): 379-386. 

 

Wu, M.L., Wang, Y.S., Wang, Y.T., Sun, F.L., Sun, C.C., Cheng, H., & Dong, J.D. (2016). Seasonal and 

spatial variations of water quality and trophic status in Daya Bay, South China Sea. Marine 

Pollution Bulletin, 112: 341-348. 

 
Xianshi, J., & Qisheng, T. (1996). Changes in fish species diversity and dominant species composition in 

the Yellow Sea. Fisheries Research, 26: 337-352. 

 

Xu, B., & Jin, X. (2005). Variation in fish community structure during winter in the Southern Yellow Sea 

over the period 1985-2002. Fisheries Research, 71: 79-91. 

Xue, Y., Ren, Y., Xu, B., Mei, C., Chen, X., & Zan, X. (2011). Length-weight relationships of fish species 

caught by bottom trawl in Jiaozhou Bay, China. Journal of Appllied Icthyology, 27: 949-954. 

 

Yahaya, J., & Abdullah, N.M.R. (Eds.). (1993). Proceedings from CPRC’93. Fourth Annual Common 

Property Resource Conference. Manila, Philipines. 

 

Yagi, M., Yamada, M., Shimoda, M., Uchida, J., Kinoshita, T., Shimizu, K., Yamawaki, N., Aoshima, T., 
Morii, Y., & Kanehara, H. (2015). Length-weight relationships of 22 fish species from the East 

China Sea. Journal of Applied Icthyology, 31: 252-254. 

 

© C
OPYRIG

HT U
PM



 

77 

 

Yu, J., Tang, D., Li, Y., Huang, Z., & Chen, G. (2013). Increase in fish abundance during two typhoons in 

the South China Sea. Advances in Space Research, 51: 1734-1749. 

 

Zawawi, M.H., Idris, M.H., Abu Hena, M.K., & King, W.S. (2015). Taxonomic assessment of seaweed 

community from the coastal areas of Bintulu, Sarawak, Malaysia. Songklanakarin Journal of 

Science and Technology, 37(2): 147-153. 

 

Zeng, L., Wang, D., Chen, J., Wang, W., & Chen, R. (2016). SCSPOD14, a South China Sea physical 

oceanographic dataset derived from in situ measurements during 1919–2014. Scientific Data, 3: 

1-13. 
 

Zeng, X., Peng, S., Li, Z., Qi, Y., & Chen, R. (2014). A reanalysis dataset of the South China Sea. 

Scientific Data, 1: 1-11. 

 

Zhaohui, W., Jiangang, Z., Yujuan, Z., & Yu, C. (2009). Phytoplankton community structure and 

environmental parameters in aquaculture areas of Daya Bay, South China Sea. Journal of 

Environmental Sciences, 21: 1268-1275. 

 

Zuur, A.F., Ieno, E.N., & Smith, G.M. (1997). Analyzing Ecological Data. Springer Inc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM


	t FSPM 2019 1 (1800001049)
	CATCH COMPOSITION, DIVERSITY AND TEMPORAL CHANGES IN TRAWL NET FISHERY IN INSHORE WATERS OF BINTULU COAST, SARAWAK, MALAYSIA
	I would like gto dedicate this work to those who taught, motivated and helped me throughout my study. To my respected father and mother who sacrificed their golden time for my study abroad. And my mother,  who always keep praying for me day and night ...
	To all my friends, teacher and colleague who supported me all those past years
	ECOLOGY AND FISH COMPOSITION OF THE FISHING GROUND OF TRAWL NET AT BINTULU COAST, SARAWAK
	LENGTH-WEIGHT RELATIONSHIP FOR MOST ABUNDANT FISH SPECIES CAUGHT BY TRAWL NET





