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Benthic Diatom in Tide Pools along Telok Melano Beach, Sematan, Sarawak 
 

 

Faziera Izzety Binti Abdul Razak 

Aquatic Resource Science and Management 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

There has been few research of marine diatom in Sarawak compare to freshwater diatom. 

By conducting the collection of benthic diatoms in tide pools along Telok Melano Beach, 

Sematan, Sarawak; this study could contribute to the number of research in benthic 

diatoms. The objective of this study is to identify the genera and determine the percentage 

occurrence of benthic diatoms in tidepools along Telok Melano. On 30 and 31 March 

2022, five stations were chosen to collect benthic diatom samples. The diatom cells from 

each station were then cleaned and later observed and identified under a light microscope. 

A total 15 genera of benthic diatoms were identified which are Achnanthes, Amphora, 

Cocconeis, Cymbella, Eunotia,, Frustulia, Gyrosigma, Melosira, Navicula, Nitzschia, 

Pinnularia, Stauronesis, Synedra and Tabellaria. The dominant genera were Synedra and 

Navicula. The physicochemical parameters of the water were measured, which showed 

dissolved oxygen (DO) in the range of 5.3 mg/l-6.8 mg/l, pH 7.92-8.34, temperature 

29.3ºC–37.1ºC, salinity 27 ppt-35 ppt, and turbidity 3.93 NTU-21.4 NTU. 

Keywords: Benthic diatoms, tide pools, physicochemical parameters 

 

ABSTRAK 

 

Terdapat sedikit kajian tentang diatom marin di Sarawak berbanding diatom air tawar. 

Dengan menjalankan pengumpulan diatom bentik di kolam air pasang surut di sepanjang 

Pantai Telok Melano, Sematan, Sarawak; kajian ini boleh menyumbang kepada bilangan 

penyelidikan dalam diatom bentik. Objektif kajian ini adalah untuk mengenal pasti genera 

dan menentukan peratusan kejadian diatom bentik di kolam pasang surut di sepanjang 

Telok Melano. Pada 30 dan 31 Mac 2022, lima stesen telah dipilih untuk mengumpul 

sampel diatom bentik. Sel-sel diatom dari setiap stesen kemudiannya dibersihkan dan 

kemudiannya diperhatikan dan dikenal pasti di bawah mikroskop cahaya. Sebanyak 15 

genera diatom bentik telah dikenalpasti iaitu Achnanthes, Amphora, Cocconeis, Cymbella, 

Eunotia,, Frustulia, Gyrosigma, Melosira, Navicula, Nitzschia, Pinnularia, Stauronesis, 

Synedra dan Tabellaria. Genera yang dominan ialah Synedra dan Navicula. Parameter 

fizikokimia air diukur, yang menunjukkan oksigen terlarut (DO) dalam julat 5.3 mg/l-6.8 

mg/l, pH 7.92-8.34, suhu 29.3ºC–37.1ºC, kemasinan 27 ppt-35 ppt, dan kekeruhan 3.93 

NTU-21.4 NTU 

 

Kata kunci: Diatom bentik, kolam pasang surut, parameter fizikokimia 
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1.0 Introduction 

 

The Bacillariophyta, known as diatoms, are a group of unicellular (sometimes colonial), 

diploid, golden or brown-pigmented algae that thrive mostly in freshwater and marine 

environments, with just a few exceptions on land (Mann et al., 2016). Extant diatoms are 

classified into hundreds of genera, and the number of identified species and infraspecific 

taxa (including fossils) surpasses 60,000 (Kociolek & Williams, 2015). Diatoms are 

classified into two groups based on their symmetry and shape: the circular Centrales have 

radial patterns, while the elongated Pennales have pinnate (feather-like) markings 

(Britannica, 2019). The silicified cell wall of diatoms creates a pillbox-like shell (frustule) 

made of overlapping halves (epitheca and hypotheca) pierced with elaborate and delicate 

patterns. Because they are autotrophic, they are confined to the photic zone. 

 

Some diatoms are non-motile, drifting freely in the water column, resting loose on a 

substrate, or being adhered to it. Others are motile, gliding actively across surfaces by a 

distinct mode of movement connected with a distinct organelle, the raphe system, which 

consists of slits through the cell wall (raphe slits) and related cytoskeleton components 

(Mann et al., 2016). 

 

Diatoms are used as indicators of water quality and ecological status, and systems have 

been devised to utilize diatom populations growing on natural substrata in running waters 

and in lakes for biomonitoring. Because their frustules are preserved well in many lake and 

ocean sediments, diatoms are very important for detecting long-term changes (over tens to 

millions of years) in aquatic environments. 
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Previous studies by Maznah and Masnor (2002) to determine the species composition of 

attached diatoms and to test the suitability of diatom community structure as an indicator 

of river pollution in the Pinang River Basin and Hilaluddin et al. (2011) research on 

common pennate diatoms (Bacillariophyceae) samples at estuary waters in Sarawak prove 

that benthic diatom is an excellent water indicator in a lotic environment. But it is a 

different case for benthic marine. Desrosiers et al. (2013) stated that even if benthic marine 

diatoms are cosmopolitan and easy to sample, little is known on their bio-indication ability. 

This proved that Malaysia lack of research of benthic diatoms as bio-indicators specifically 

in marine waters near intertidal areas.  

 

The relative abundance and variations in particular sensitivity of some diatom species to 

pollution were a valid and practical technique of determining the degree of pollution in the 

Pinang River system, however diatom association diversity could not be directly attributed 

to water quality. Moreover, there have not been any research of benthic diatom in Telok 

Melano so by conducting this experiment; this study will contribute more to the number of 

research data of benthic diatom in Sarawak, Malaysia.  

 

The objectives of this study are: 

 To identify the genera of the benthic diatoms living in tidepools along Telok 

Melano Beach 

 To determine the percentage occurrence of benthic diatoms along Telok Melano 

Beach  
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2.0 Literature Review 

2.1 Diatom Classification 

There are two orders of diatoms. The Centrales (Biddulphiales), which have valve striae 

arranged primarily to a point, an annulus, or a central areola and appear radially 

symmetrical. The Pennales (Bacillariales), which have valve striae arranged primarily in 

relation to a line and appear bilaterally symmetrical. The diatom frustule's valve face is 

decorated with pores (areolae), processes, spines, hyaline regions, and other unique 

characteristics. These skeleton traits are utilised to identify and describe diatoms.   

The categorization system devised by Simonsen (1979) and expanded upon by Round et al. 

(1990) is the most widely used today. Diatoms usually seen in marine plankton are 

classified as centric diatoms, which include three sub-orders based mostly on cell shape, 

polarity, and process organisation. The Coscinodiscineae have a marginal ring of processes 

with no polarity to the symmetry, the Rhizosoleniineae have no marginal ring of processes 

with unipolar symmetry, and the Biddulphiineae have no marginal ring of processes with 

bipolar symmetry (UCL, n.d.). The pennate diatoms are classified into two sub-orders: the 

Fragilariineae, which lack a raphe (araphid), and the Bacillariineae, which consist of raphe. 
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2.2 Reproduction of Diatoms 

Diatoms reproduce vegetatively by binary fission, which results in the formation of two 

new individuals within the parent cell frustule. Each daughter cell receives one parent cell 

theca as epotheca, and cell division ends with the production of a new hypotheca for each 

of the daughter cells. This method of division results in the offspring being smaller because 

of the creation of additional siliceous components inside the parent cell. The size range of 

diatom cells appears to be species-dependent, with specific variations ranging from 8 to 10 

times the length of the apical axis or diameter. 

 The significant size variation is frequently followed by a notable size-dependent shift in 

cell proportions, typically in the form of an increase in the ratio of the length of the 

pervalvar axis to the apical axis or diameter. In addition, size variation often causes 

changes in valve ornamentation, like a reduction in the number of central clustered 

processes, a loss of special structures like the pili of certain species of Cymatosiraceae 

(Hasle et al., 1983), and an alteration of the valve outline of morphologically bipolar 

species from elongate toward almost circular. 

The reduction in diatom population average cell size during vegetative development 

suggests the need for a method of restoring cell size. This is made possible by the 

production of auxuspores, which are cells with a distinct wall structure that lack the 

siliceous frustule and grow to the maximal frustule size. The auxospore then produces an 

initial cell, inside which a new frustule of maximal size is formed. Many neritic planktonic 

diatoms have a vegetative reproductive phase followed by a thicker-walled resting cyst or 

statospore stage. When nutrition levels are low, the siliceous resting spore usually occurs 

following a period of vigorous vegetative reproduction. Statospores can be wholly 

contained within the parent cell, partly contained within it, or separated from it. Increases 
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in nutrient levels and/or the length of sunshine induce the statospore to germinate and 

revert to its vegetative condition. Seasonal upwelling is therefore an important aspect of 

the life cycle of many diatoms, both as a source of nutrients and as a transport mechanism 

that carries statospores or their vegetative products up into the photic zone. 

All diatoms are diplonts that undergo meiosis at the end of gametogenesis. The zygote 

becomes an auxuspore. Sexual reproduction in central diatoms occurs via oogamy with 

flagellated male gametes, but most pennate diatoms are morphologically isogamous, 

missing a flagellated stage. According to Schnepf and Drebes (1977), a few araphid 

species have been proven to be anisogamous and they are thought to be a transitional stage 

between centric and pennate diatoms. Because diatoms are assumed to have developed 

from centrics to pennates, this suggests a shift from oogamy to isogamy. 
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2.3 Ecology of Diatoms 

Diatoms may be found in almost every location that has water. This includes seas, lakes, 

and streams. Diatoms have several morphological adaptations that allow them to flourish 

in their specific environments. Diatoms, for example, have physical features that allow 

them to remain suspended in water in aquatic habitats such as ponds, lakes, and oceans. 

These planktonic organisms may float in water by constructing long chains connected by 

silica spines. Others will form zigzag/stellate colonies to keep afloat. These species are 

usually star-shaped. Several species thrive and reproduce on surfaces such as rocks and 

water plants. These species' frustules are frequently arched or bent, allowing them to fit on 

watery moss stems. Moreover, certain species need to attach themselves to surfaces and 

hence create stalks or mucilage pads to do so (MicroscopeMaster, n.d.).  

Hence, changes in their structures may be identified depending on their environments and 

where they are from. Freshwater and marine planktonic species generally display a "bloom 

and bust" lifecycle. According to Furnas (1990), when the upper mixed layer conditions 

(nutrients and light) are favourable, their competitive advantage allows them to swiftly 

dominate phytoplankton communities. 
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A deficiency of silicon is the most common cause of diatom (spring) blooms to terminate 

in the open ocean. Unlike other nutrients, this is only a minor need of diatom, therefore it is 

not as effectively regenerated in the plankton ecosystem as, say, nitrogen or phosphorus 

nutrients. This is visible in maps of surface nutrient concentrations: as nutrients deplete 

along gradients, silicon is frequently the first to be depleted (followed normally by nitrogen 

and phosphorus). Diatoms are thought to have a disproportionately major part in the export 

of carbon from marine surface waters due to their bloom-and-bust lifestyle (Dugdale & 

Wilkerson, 1998). They also play an important role in the management of the 

biogeochemical cycle of silicon in the ocean (Yool & Tyrell, 2003). 

Many researchers believe that diatoms' utilisation of silicon is the key to their ecological 

success. Egge and Aksnes (1992) discovered that diatom dominance in mesocosm 

communities was closely related to silicate availability. According to Milligan and Morel 

(2002), the biogenic silica in diatom cell walls works as an excellent pH buffering agent, 

promoting the conversion of bicarbonate to dissolved CO2 (which is more readily 

assimilated). Furthermore, diatoms often develop faster than other algae of the same size 

(Furnas, 1990). 
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2.4 Benthic Diatoms as Biological Indicators 

2.4.1 Freshwater Environment 

Benthic diatoms are often utilised as dependable markers of water quality in ecosystems. 

Diatoms are a siliceous type of unicellular algae that are very varied and chemically 

sensitive (Guiry, 2012). Diatoms (Bacillariophyceae) are particularly intriguing as water 

quality indicators. Because of their short generation period and diverse ecological 

demands, they are good bioindicators. They are found all over the world in practically all 

sorts of aquatic environments and often account for the greatest number of species among 

aquatic primary producers. 

Diatoms can make up to 80% of the species found in streams, rivers, lakes, and wetlands 

(McIntire et al., 1996). Aside from being easy to sample, diatoms have the added benefit of 

providing comprehensive traits that allow for accurate identification at the species and 

subspecies levels. These siliceous walls are readily preserved and cleaned of organic debris 

using hydrogen peroxide or hydrochloric acid before being permanently mounted on 

microscope slides in refringent resin for identification under high magnification (x1000) 

light microscopy with oil immersion (Morin et al., 2016). 
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2.4.2 Marine Environment 

In many countries, ecological and chemical monitoring of coastal ecosystems is required to 

measure the amount and form of environmental stress. Numerous biological and chemical 

ecosystem components can be employed to explain the ecological state or eutrophic 

conditions at sampling sites. Water chemistry measurements can identify causative factors 

that can explain further ecosystem perturbation (Ferreira et al., 2011). 

Stressed environments will exhibit both qualitative/functional and quantitative/structural 

changes in the structure and functioning of their community components. Because they 

have a short life span to integrate short-term environmental variability, are abundant and 

easy to sample, are sessile to reflect conditions at one site, and are response-specific to 

identify a specific impact on the ecosystem, bio-indicators can provide an integrative tool 

to measure these changes (Desrosiers et al., 2013). 

Due to the continual movement of marine waters caused by the influence of winds, 

currents, and tides, measuring water chemistry at one point is complicated, and multiple 

samplings in time and space are necessary to get representative data. Such a technique has 

issues with analysis costs and accuracy. Another feature of marine water is low nutrient 

levels, particularly in oligotrophic seas, with amounts approaching the detection threshold 

of analytical instruments. Because organisms will incorporate regional and temporal 

changes in water quality, the use of bio-indicators may be a more representative method. 
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Hence, bio-indication usage and site-specific water quality need to be relevant so, diatom 

assemblage species composition must be altered by changes in water chemistry, even at 

extremely low (oligotrophic) nutrient concentrations. Hillebrand and Sommer (1997) 

investigated the effect of regulated nutrient enrichment on the development of 

microphytobenthos on artificial surfaces. The epilithic microphytobenthos dominating 

species growing on substrates were impacted by both type and nutrient concentrations in 

this experiment conducted in a mesotrophic location of the western Baltic Sea. 

Marine benthic diatoms are proposed as a new potential marine biological indicator 

(Desrosiers et al., 2013). These species have bio-indication properties that other marine 

bio-indicators do not have. Diatoms grow on a variety of substrates, allowing them to be 

found in a wide range of environments, from temperate to tropical seas. According to 

Desrosiers et al. (2013), current studies on structural changes in species assemblages 

caused by water quality are mostly the outcome of extensive freshwater research and are 

insufficient for marine studies. Nonetheless, benthic diatom species assemblages in 

mesotrophic and oligotrophic streams vary in response to nitrogen and phosphorus 

enrichment. Based on these findings, marine benthic diatoms are being considered as 

possible biological markers for detecting nutrient enrichment in the marine environment. 
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2.5 The Use of Benthic Diatom Based Indices 

Diatoms have been shown as effective indicators of land-use change and water quality 

(Lavoie et al., 2014; Stevenson, 2014). Diatom indicators have been established as a result 

of their ability to respond to water quality gradients such as nutrients, ion concentrations, 

and organic loading. According to Tan et al. (2017), the effectiveness of diatom indices as 

bioindicators of human activities such as land-use change, riparian zone degradation, and 

nutrient loading varied significantly in different areas or regions which directly or 

indirectly altered water quality metrics in streams. 

Several diatom indexes have been implemented worldwide. IPS, Trophic Diatom Index 

(TDI, Kelly and Whitton, 1995), and the Diatom Biological Index (IBD, Coste et al., 2009) 

are all weighted average indices. There are additional multimetric indices, such as the 

Biotic Integrity Index, which incorporates structural measures from diatom communities 

based on relative abundance (Wang et al., 2005). Few kinds of research in Australia and 

China are generating particular diatom indices for ecological health evaluation in aquatic 

environments (Tan et al., 2013, 2014 & 2015). 
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2.6 Previous Studies on Diatoms in Malaysia 

 

There are multiple studies of diatoms conducted in Malaysia mainly based on estuaries and 

freshwater environment. Research done by Maznah and Masnor (2002) was to determine 

the species composition of attached diatoms and to test the utility and suitability of diatom 

community structure as an indicator of river pollution in the Pinang River Basin. Water 

quality conditions in the Pinang River Basin were represented in physical and chemical 

parameters, as well as the species composition of attached diatoms on artificial substrates. 

The relative abundance and variations in particular sensitivity of some diatom species to 

pollution were a valid and practical technique of determining the degree of pollution in the 

Pinang River system, however diatom association diversity could not be directly attributed 

to water quality.  

 

Next, Hilaluddin et al. (2011) conducted study on two estuary waters in Kuching, Sarawak, 

where common pennate diatoms (Bacillariophyceae) samples were analysed in depth using 

scanning and transmission electron microscopy. In the Samariang and Santubong estuaries, 

sixteen species of pennate diatoms from seven commonly found taxa, Amphiprora, 

Surirella, Delphineis, Navicula, Nitzschia, Cylindrotheca, and Pleurosigma, were 

documented. Maznah et al. (2016) also investigated the composition and distribution of 

phytoplankton species during spring neap tides and how this relates to water quality 

metrics throughout the Merbok river estuary. The composition and distribution of 

phytoplankton were altered by tidal occurrences, demonstrating the significance of biotic 

and abiotic characteristics in evaluating the overall health state of the Merbok river estuary 

(Maznah et al., 2016). 
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Study conducted at Tanjung Rhu estuary by Salleh and McMinn (2021) determined the 

stress response of microphytobenthos physiology to the combined effects of elevated 

irradiance and temperature and understand its subsequent recovery. This study sheds light 

on the ability of tropical diatom-dominated microphytobenthos communities to withstand 

environmental pressures, as well as the extent to which such challenges might harm the 

photosynthetic functions. Furthermore, microphytobenthos contributes significantly to the 

primary production of shallow coastal and estuarine habitats, accounting for more than 

50% of total yearly output on a regular basis. Similarly, because most prior studies of the 

combined effects of high temperature on benthic populations have concentrated on 

subtropical and temperate communities, the responses of tropical ecosystems are unknown 

and are expected to differ greatly. 
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3.0 Materials and Methods 

3.1 Study Site 

This study was carried out along Telok Melano Beach, Sematan, Sarawak on 30 and 31 

March 2022. Five sampling stations were established along the intertidal area of the beach, 

concentrating on tide pool areas. The coordinates of each station were determined by using 

a Global Positioning System (GPS) as shown in Table 1. 

 

 

 

 

Figure 1: Map of sampling stations located along Telok Melano Beach, Sematan, Sarawak. 
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Table 1: Coordinates of the sampling stations. 

Station Coordinates 

1 N02º00’30.2” E109º38’37.5” 

2 N02º00’19.5” E109º38’42.4” 

3 N02º00’17.9” E109º38’42.8” 

4 N02º00’15.6” E109º38’43.9” 

5 N02º00’14.5” E109º38’44.5” 

 

 

 

3.2 Field Methods 

3.2.1 Sampling of Benthic Diatoms 

During low tide, a few rocks were randomly collected at each sampling station. The 

benthic diatoms in this study were sampled by choosing submerged rocks and brushing 

them using an oral brush. The brushed area of the rock surfaces and the oral brush that are 

covered with diatom were then rinsed on a plastic tray with distilled water. The diatom 

samples from the plastic tray were transferred into a labelled sample bottle and then 

preserved with Lugol’s solution. The labelled sample bottles were brought back to the lab 

for further analysis and genera classification. 

 

3.2.2 Physicochemical parameters 

Water parameters such as dissolved oxygen (DO), salinity, water temperature, turbidity 

and pH were measured in situ at each station. Each parameter readings were measured in 

triplicate at each location.  
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3.3 Laboratory Analysis 

3.3.1 Cleaning of diatom frustules 

The preserved samples from each station were sifted through a fine sifter net into a 1 L 

beaker. 10 mL of the samples were poured from the beaker into a 50 mL centrifuge tube. 

The samples were cleaned using household bleach (Clorox) that contains sodium 

hypochlorite. The samples were then left overnight to settle down. This technique bleached 

out the diatoms eliminated chloroplast and other organic matters, and only left the diatom 

frustules. Next, the samples were centrifuged for six minutes at 1500 rpm.  The supernatant 

was siphoned off and later washed with distilled water. The procedure of refilling distilled 

water and syphoning out the supernatant was repeated until the sample became colourless. 

The steps were repeated until the pH of the sample became neutral, at which point the 

diatoms could be seen under a compound light microscope. The above procedure was 

carried out for stations 2, 3, 4, and 5. 

 

3.3.2 Slides Preparation for Microscopy 

Using a Pasteur pipette, a drop of dilute cleaned diatom sample was deposited onto a glass 

slide. A glass coverslip was placed onto the slide and was pressed down gently. The slide 

was then labelled and the excess water around the cover slip was removed using Kim 

wipes. 

 

 

 

 

 

 

 

 


