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1.  Introduction 

 Diatoms of the genus Nitzschia Hassall 1845 are highly 
diversified. They represent one of the dominant genera in diatom 
assemblages (Kaczmarska et al., 1986) comprising both 
planktonic and benthic species (Lundholm and Moestrup, 2000). 
There have been very few studies on Nitzschia occurrence and 
distributions in Malaysian water. This pennate diatom has 
important roles as one of the primary producers in aquatic 
ecosystem, water quality bioindicators (Wan-Maznah and 
Mansor, 2002; Trobajo et al., 2009) and as live feeds in 
aquaculture farms due to its richness in fatty acids (Chu et al., 
1996; Shi et al., 2008). Local phytoplankton surveys (Shamsudin, 
1990; Aishah, 2005; Saifullah et al., 2014) and physiological 
studies of Nitzschia (Chu et al., 1996; Wen and Chen, 2001) were 
lacking in morphological descriptions and/ or micrographic 
evidences. Micrographs are essential for diatom identification 
particularly in the genus Nitzschia as this diatom could be easily 
mistaken as other diatom species and vice versa. Species 
identification merely through descriptive and diagnostic 
references without the aid of micrographs or illustrations could 
be ambiguous. For instance, linear shapes might look lanceolate 
by a different observer. Therefore, it is more preferable to 
document the descriptions of Nitzschia spp. with inclusion of its 
micrographs.  

 The genus Nitzschia is very complicated taxonomically, as 
there are hundreds of described species worldwide. This genus 
was previously subdivided by Grunow (1862) into subgroups, 
which corresponded with the frustule’s characteristics. Some 
modifications have been made to the divisions by a number of 
authorities (refer to Guiry and Guiry, 2014), yet many of the 
original descriptions remained. The groupings of Nitzschia spp. in 
this article was mainly referenced from the revision made to the 
Nitzschia sections by Mann (1978) whereby he summarized into 
17. Nonetheless, progressive research in the genus had led to the 
establishments of new genera from the previous sections (refer 
to Guiry and Guiry, 2014). Current groupings that are being used 
comprise the sections of Dubiae Hustedt, Perrya grunow, 
Insignes grunow, Epithemioideae grunow, Spathulatae grunow, 
Nitzschia grunow (syn. = Sigmoidea sensu Hustedt), Lineares 
grunow, Lanceolatae grunow and Nitzschiella grunow. 
Nonetheless, these sections could be used interchangeably 
amongst taxonomists.  
 This article compiles Nitzschia occurrence record in 
Malaysian freshwater and marine water via sample collections 
and extraction from published materials. This study is important 
for Nitzschia taxa biogeographic and taxonomic research 
particularly in tropical waters. 

2. Materials and Methods 

2.1. Sample collection and culture materials 

 Phytoplankton samples were collected from seawater of 
Peninsular and East Malaysia (Fig. 1) using a 20 m plankton net. 
Net samples were divided into two portions. One part was 
preserved in Lugol’s iodine for light microscopy, acid-treatment 
and storage. Another portion of live sample was brought back to 
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the laboratory for single-cell isolation. Culturing is required to 
obtain multiple cells for identification purposes. Healthily divided 
cells of 30 total isolates were transferred into culture tubes 
containing silica-enriched SWII medium (Iwasaki, 1961) and 
maintained under 14 : 10 hour of light: dark cycle at 25 °C. 

2.2. Sample preparation. 
 

  
Figure 1. Map of Malaysia. The locations where samples were collected in present 
study (   ); Nather- Khan (1990)  [    ]; Shamsudin (1990) [    ]; Aishah and Nooraini 
(1994) [  ]; Wan-Maznah and Mansor (2002) [   ]; Fareha et al. (2011) [   ] and 
Shaifullah et al. (2014) [    ].  

 
 The organic matters of cells were removed according to 
the procedures in Renberg (1990). Preserved samples and 
cultured cells were harvested by centrifugation at 8000 rpm for 
10 minutes and media removed. The cells were oxidized in 
Hydrogen peroxide (30%) at 85 °C for 2  3 hours. After organic 
matters have been removed, the samples were resuspended 
with 10% hydrochloric acid and soaked for several days at room 
temperature. The samples were agitated gently every few hours 
to minimize breakage. After the treatment, cells were rinsed 2  
3 times with distilled water and stored in 70% ethanol. 

2.3. Light and electron microscopy 

 Both living cells and cleaned specimens were observed 
under a light microscope and measured. A minimum of 30 living 
cells were randomly picked from the first batch of each culture 
for the measurement. Cleaned specimens were mounted on 
glass slides using Naphrax mountant and viewed using light 
microscope (Olympus BX51TF, Japan) equipped with a built-in 
camera (Olympus U-TV1x, Japan). The valve dimensions were 
measured by AnalySIS LS Professional software. For electron 
microscopy, samples were dried on cover slips and mounted on 
a stub for gold-palladium coating. Samples were viewed using 
scanning electron microscope (Leo 1450 VP, United Kingdom). 
For transmission electron microscopy (Philips CM12, 
Netherland), the samples were mounted on formvar-coated 
copper grids for viewing. 

2.4. Morphology identification 

 The characteristics observed for species identification 
were valve outlines, cell dimensions, fibulae and striae densities, 
raphe systems and poroids. Literatures referenced for 
identification were included in each species description. For 
secondary data of local records, published articles from previous 
studies and books were collected and compiled.   

3. Result and Discussion 

 Seven Nitzschia spp. have been identified from total 30 
cultures obtained from 7 locations throughout Malaysia in 
present study (Table 1). Twelve species were retrieved from 
secondary data. Nine out of 12 species in the secondary data had 
been misidentified and were therefore revised accordingly (Table 
2). The most frequently occurring Nitzschia spp. in Malaysia is 
from the section Lanceolatae (seven species). Altogether, this 
study compiled at least 11 Nitzschia spp. from Malaysian water 
(Table 1). These are inclusive of four new records and three 

revised identities. Detailed descriptions of these species are 
presented. 

3.1. Section Lanceolatae 

3.1.1. N. amabilis Suzuki 2010 

Synonym  : N. laevis Hustedt 1939 

Local record : Present study, Fig. 2A - E 

Reference(s) : Hustedt (1939); Suzuki et al. (2010); Rivera and 
Cruces (2011) 

Description : Cell broadly lanceolate, constricted in the 
middle (Fig. 2A); length 14.6 – 18.9 µm; width 3.5 – 5.6 µm; 
central nodule visible under light microscope (Fig. 2B, arrow); 
irregularly spaced and more widely separated in the middle of 
the fibulae (Fig. 2C–D), 9 – 10 in 10 µm; striae 41 in 10 µm; 1 row 
of poroid, 5 in 1 µm; pore-like raphe ending from external view 
(Fig. 2E); biseriate copulae. 

 
Figure 2. LM and SEM micrographs of N. amabilis isolate TK47. LM (A-B). (A) Whole 
valve with slight indentation in the middle; (B) Fibulae appear like dots along the 
valve margin with central interspace. Central nodule visible (arrow). Scale bar= 10 
m. SEM (C-E). (C) External and internal view of the valve; (D) Internal view of the 
valve showing the irregularly spaced fibulae and larger central interspace (E) pore-
like central nodule is observable from the external view. Scale bar = 1 µm. 

3.1.2. N. frustulum (Kutzing) Grunow 1880 

Local record : Present study, Fig. 3A - E 

Reference(s) : Cleve and Grunow (1880); Reimer (1954); 
Mann (1978); Trobajo et al. (2013) 

Description : Outline linear-lanceolate, two yellow-brown 
chloroplasts (Fig. 3A), rectangular in girdle view (Fig. 3B); length 
12.0 – 14.0 µm; width 3.0 – 4.0 µm; slightly constricted in the 
middle (Fig. 3C); fibulae 14 – 15 in 10 µm; central interspace 
present (3C); striae 52 in 10 µm; 1 row of poroid, 6 in 1 µm, 
poroids in the raphe canal (Fig. 3C-D); copulae has two rows of 
poroid (Fig. 3E).  

 
Figure 3. LM and TEM micrographs of N. frustulum isolate KD92. LM (A-B). (A) Whole 
cell showing two large chloroplasts; (B) rectangular in girdle view, chloroplasts 
appressed to the girdle. Scale bar = 10 m. TEM (C-E). (C) Internal view of the valve 
showing poroids in the raphe canal. Fibulae are irregularly spaced and more widely 
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separated in the middle; (D) slanted valve end. (E) two rows of poroid in the 
cingulum. Scale bar = 1 µm. 

3.1.3. N. inconspicua Grunow 1862 

Local record : Present study, Fig. 4A  E 

Reference(s) : Grunow (1862); Kociolek (2011a); Trobajo et al. 
(2013) 

Description : Two yellow brown chloroplasts at each pole 
(Fig. 4A); valve outline lanceolate (Fig. 4B  C); length 12.1 – 14.4 
µm; width 2.0 – 3.2 µm; fibulae 14 – 15 in 10 µm; central 
interspace absent, ‘nitzschioid’ symmetry; interstriae are broad; 
striae 31 in 10 µm; 1 row of round poroids, 4 in 1 µm; more oval 
shape poroids along the raphe; raphe highly eccentric, terminal 
fissures hook towards the same side of valve (Fig. 4C - D); central 
raphe ending present, (Fig. 4E, arrow). 

 
Figure 4. LM and SEM of N. inconspicua isolate TOB54. LM (A-B). (A) Whole cell with 
yellow-brown chloroplasts; (B) Internal view of a acid-cleaned valve, without large 
central interspace of fibulae. Scale bar = 10 m. SEM (C-E). (C) External view of the 
valve, showing circular and relatively large poroids with uniform arrangement; (D) 
pointed end with terminal fissure hooked towards the valve face; (E) Raphe slit is 
interrupted in the middle by the thickening of silica, resulting in a simple type of 
central end. Scale bar = 1 µm. 

3.1.4. N. lanceolata Smith 1853 

Local record : Shamsudin (1990), p. 195, Fig. 65 

Reference(s) : Smith (1853); Chin et al. (1986); Shamsudin 
(1990) 

Description : Lanceolate valve outline, enlarged centre, 
prolonged apices. Strong plicate is observed in girdle view. Valve 
length varied from 20.0 – 200.0 µm and width 4.0 – 17.0µm. 

3.1.5. N. palea (Kutzing) Smith 1856 

Local record : Nather-Khan (1990), figure not available; Wan-
Maznah and Mansor (2002), figure not available 

Reference(s) : Smith (1856); Foged (1971); Mann (1978); 
Torgan et al. (2009) 

Description : Lanceolate outline; length 21.0 – 48.0 µm; 
width 4.0 – 5.0 µm; fibulae density lower than striae; central 
interspace absent. 

3.1.6. N. pusilla Grunow 1862 

Local record : Fareha et al. (2011), p 17, Fig. 5(H) (as N. cf. 
amphibia); Present study, Fig. 5A-5C. 

Reference(s) : Grunow (1862); Coste and Ricard (1981); 
Trobajo et al. (2013) 

Description : Outline linear-lanceolate to elliptical; broadly 
rounded apices (Fig. 5A); length 7.2 – 9.7 µm; width 1.8 – 3.5 µm; 
fibulae > 9 in 10 µm, rectangular, irregularly spaced (Fig. 5B); 
striae > 37 in 10 µm; longitudinally curved along the valve (Fig. 
5C); 1 row of poroid, 9 – 10 in 1 µm; central interspace absent. 

  
Figure 5. LM and SEM micrograph of N. pusilla isolate TMN26. LM (A). (A) Whole 
valve of the cell. The outline is lanceolate with broadly rounded apices. Scale bar 10 
m. SEM (B-C). (B) Internal view of the valves. The fibulae arrangement is irregular. 
Central interspace is absent. (C) The striae are uniseriate and slowly radiate towards 
the apices. Scale bar = 1 µm. 

3.2. The section Nitzschiella 

3.2.1. N. longissima (Brebisson) Ralfs 1861 

Local record : Shamsudin (1990); Aishah (2005), figure not 
available; Fareha et al. (2011), p. 17, Fig. 5(A – D) 

Reference(s) : Pritchard (1861); Hasle and Syvertsen 1997; 
Shamsudin (1990); Fareha et al. (2011) 

Description : Valve fusiform in the central part, extend to 
very long projection (rostra; length 125.0 – 450.0 µm; width 4.4 
– 8.0 µm; fibulae 6 – 14 in 10 µm; striae 48 – 60 in 10 µm; raphe 
strongly eccentric; central interspace present. 

3.3. The section Nitzschia 

3.3.1. N. lorenziana Grunow 1880 

Local record : Shamsudin (1990), p. 167, Fig. 8.161; Present 
study, Fig. 6A - E. 

Reference(s) : Cleve and Moller (1879); Chin et al. (1986); 
Shamsudin (1990) 

Description : Very abundant in mangrove mud; solitary cells 
and weakly silicified; two chloroplasts separated by a nucleus at 
the centre (Fig. 6A); valve sigmoid in valve and girdle views (Fig. 
6A  B); length 34.4 – 37.6 µm; width 2.8 – 4.4 m; apices 
capitate; coarse fibulae without interspace in the middle (Fig. 6C 
- D), 16 in 10 µm; raphe highly eccentric at the valve margin; 
raphe slit continuous; raised raphe canal; fine striae (Fig. 6E) ,65 
in 10 µm; interstriae are more raised in the internal valve 
compared to the external; 1 row of round poroids, only 
discernable from internal views; simple-type perforation; 7 – 8 in 
1 µm; two rows of poroid in the girdle bands. 

3.3.2. N. paeneperpetua Mann 1981 

Local record : Present study, Fig. 7A - F 

Reference(s) : Mann (1981) 
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Description : Very long valve, sigmoid in valve view (Fig. 7A), 
linear-sigmoid in girdle; length 373.4 – 835.0 µm; width 6.5 – 10.1 
µm; fibulae 6.5 – 8 in 10 µm, regularly spaced (Fig. 7B); striae 20 
– 27; 1 row of poroid, 2 – 3 in 1 µm; central interspace present 
(Fig. 7C, with central nodule (Fig. 7D); striae pattern irregularity 
(Fig. 7E); single poroid row in the copulae (Fig. 7F). 

Figure 6. LM and SEM of N. lorenziana isolate KS55. LM (A-C). (A) Valve view of the 
cell showing large chloroplasts; (B) girdle view of a cell; (C) Fibulae discernable 
under light microscopy, without central interspace. SEM (D-E). (D) internal view of 
valve showing the fibulae; (E) external view of valve with very fine striation. Scale 
bar = 10 µm. 

3.3.3. N. scalpelliformis Grunow 1880 

Synonym  : N. obtusa var. scalpelliformis (Grunow) Grunow 
1881 

Local record : Shamsudin (1990), p. 200, Figure 84; Fareha et 
al. (2011), p. 17, Fig. 5(E – F) 

Reference(s) : Cleve and Grunow (1880); Foged (1971); Mann 
(1978) 

Description : Cell strongly sigmoid in valve and girdle view, 
body is long and narrow with bluntly rounded apices; length 24.0 
– 63.8 µm, width 4.5 – 8.0 µm; 6 – 9 fibulae in 10 µm; 20 striae in 
10 µm. 

 
Figure 7. LM, SEM and TEM of N. paeneperpetua isolate PD1. LM (A-C), (A) Whole 
valve of the cell; (B) end of the valve with regularly spaced fibulae; (C) central 
interspace. Scale bar 10 µm. SEM (D). (D) central nodule present. Scale bar 2 µm. 
TEM (E-F). (E) poroids in the raphe canal and irregular striae arrangement (circle); 
(F) copulae is lined by single row of poroid. Scale bar = 2 µm. 

 

3.3.4. N. sigma Kutzing (Smith) 1853 

Local record : Shamsudin (1990), p. 167, Fig. 8.157, Fig. 8.158; 
Aishah and Nooraida (1994), p. 81, Plate 2 Fig. 36; Saifullah et al. 
(2014), p918; Present study; Fig. 8A - G 

Reference(s) : Smith (1853); Mann (1978); Chin et al. (1986); 
Aishah and Nooraida (1994); Kociolek (2011b) 

Description : Cell sigmoid in valve and girdle view (Fig. 8A), 
length 136.0 – 139.8 µm; width 5.1 – 8.0 µm; valve shallow, 
fibulae 9 in 10 µm; fine striae; more than 40 in 10 µm (Fig. 8B – 
C); 1 row of poroid, 4 – 5 in 1 µm; imperforated apices, hooked-
type external terminal end (Fig. 8D); internal raphe ends in 
helictoglossa (Fig. 8E); raphe strongly eccentric; central raphe 
ending absent (Fig. 8F), single row of poroid in copulae (Fig. 8G). 

Figure 8. LM and SEM of N. sigma isolate KS58. LM (A). (A) Lugol preserved cell 
showing the plastids. Scale bar = 10 m. SEM (B-F). (B) external view of the valve 
with very fine striation; (C) internal view of the valve showing the fibulae at the 
valve margin; (D) external end with terminal fissure strongly hooked towards the 
valve, no perforation at the end; (E) internal raphe end with helictoglossa (arrow); 
(F) regularly spaced fibulae and equidistance in the middle; (G) single row of poroid 
in the cingulum.  Scale bar = 1 µm 

Tabel 1 
List of Nitzschia spp. recorded in Malaysia from present study and secondary data. 

 
 
CI: central interspace; (?): not determined; (): absent; (+): present; (a): 
misidentification; Habitat: A: Marine; B: Freshwater; C: Estuarine; D: Mangrove; 
References: E: Present study; F: Shamsudin (1990); G: Nather-Khan (1990); H: Wan-
Maznah and Mansor (2002); I: Fareha et al. (2011); J: Saifullah et al. (2014); K: 
Aishah and Nooraida (1994). 
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Tabel 2 
Revised species identity from plankton surveys previously done in Malaysia. 
 

Reference Revision 
Nitzschia spp.  
 Shamsudin (1990), p. 169, Fig. 8.162; Fig. 

8.164; Fig. 8.165 
Pseudo-nitzschia sp. 

 Aishah (2005), p. 153, Fig. 11 Pseudo-nitzschia sp. 
N. panduriformis  
 Shamsudin Shamsudin (1990), p. 167, Fig. 

8.156 
Psammadictyon 
panduriformis 

 Fareha et al. (2011), p. 17, Fig. 5(g) Tryblionella sp. 
N. sigma var. inter  
 Shamsudin (1990), p. 167, Fig. 8.157 Identity undetermined 

due to poor and 
indistinct drawing 
illustration. 

N. sigma var. indica  
 Shamsudin (1990), p. 167, Fig. 8.158 Identity undetermined 

due to poor and 
indistinct drawing 
illustration. 

N. closterium  
 Shamsudin (1990), p. 167, Fig. 8.160; p. 

195, Fig. 63 
Cylindrotheca sp. 

 Aishah (2005), p. 151, Fig. 8 Cylindrotheca sp. 
N. hungarica  
 Shamsudin (1990), p. 195, Fig. 64 Petroneis sp.  

 
 Regional diatom diversity documentation especially of 
the genus Nitzschia is important to provide distribution data to 
ecologists. Several hundreds of Nitzschia species are currently 
being listed in the online databases (e.g., World Register of 
Marine Species, Algaebase, etc.), published articles, while some 
are only available in very old reference materials (e.g., Smith, 
1853; Grunow, 1877 etc.) in foreign languages. With emerging 
number of Nitzschia species being discovered worldwide and 
progressive research on its taxonomy, many species were 
tentatively revised and a few of the previous sections/ subgroups 
had been reclassified into new genera (Round et al., 1990). Most 
of the listed species in the online database have been verified by 
the experts (Trobajo et al., 2013). 
 There are not many available references on tropical 
distribution of Nitzschia. To name a few are studies done by Cleve 
(1901), Foged (1971), Archibald (1972), Chin et al. (1986), Aishah 
and Nooraida (1994) and Alakananda et al. (2012).  It is perhaps 
more conducive to compare species of the same region or similar 
climate, as geographical and environmental conditions may have 
influence on the valve shapes and sizes in certain ways (Trobajo 
et al., 2004; Trobajo et al., 2011). Moreover, some Nitzschia spp. 
are confined to specific regions (Hasle and Syvertsen, 1997), 
which could therefore be excluded when examining tropical 
species. Yet, careful elimination is entailed on Nitzschia species 
that exhibit cosmopolitism.  Illustrations of specimens are also 
crucial for morphology recognition due to limited access to the 
type specimens. A bibliography of diatom electron micrographs 
was compiled by Gaul et al. (1993). 
 In total, there are 11 species of Nitzschia recorded in 
Malaysia comprising the freshwater, mangroves and marine 
habitats (Table 1). These are mostly members of the section 
Lanceolatae, Nitzschiella and Nitzschia (Table 1). As some small 
and rare species could have been overlooked during the 
processes of isolation and acid-treatment, this quantity is 
adequate if compared to 29 Nitzschia spp. compiled over a 
century in China (Chin et al., 1986) which also included the fossil 
records. On the other hand, Foged (1971) documented 10 
freshwater Nitzschia spp. from Thailand; while other studies had 
mainly documented the generic distribution of Nitzschia, 
attributed to the complexity in the species identification 
(Alakananda et al., 2012) or lack of interest. Species identification 
and comparison in this study were selective, as cell dimensions 
of Nitzschia that were out of range or not belonging to the same 

group or section was excluded. The Genbank accession numbers 
are available in (Suriyanti and Gires, in review). 
 Section Lanceolatae is the largest subgroup that 
comprises most of Nitzschia species (Mann, 1978). The section’s 
name reflects the outline of the valves. It is dominated by small-
sized Nizschia and the valves are finely striated. The raphe 
system is strongly eccentric. Based on the morphology traits, at 
least six Nitzschia species in Malaysia are members of this group. 
Records of N. amabilis, N. frustulum, N. inconspicua and N. 
pusilla were obtained from this study while N. lanceolatae and N. 
palea were compiled from secondary data. 
 N. amabilis is a new name proposed by Suzuki et al. (2010) 
to replace N. laevis and is thereby synonymous.  It is constricted 
at the centre of the valve outline. The valve shape resembles N. 
umbilicata Hustedt albeit N. amabilis has a smaller size (Table 1). 
N. umbilicata is 31m in length and 8m in width (Foged, 1971). 
N. amabilis has higher densities of fibulae and striae in 10m, 
compared to N. umbilicata which has 8 fibulae and 15  16 striae 
in 10m (Foged, 1971). N. amabilis is among common diatom 
occurring in tropical waters (Foged, 1971).   
 N. frustulum is euryhaline as there were records of this 
species in brackish, freshwater as well as marine habitats 
(Reimer, 1954; Trobajo et al., 2004). While the striae densities of 
N. frustulum have been constant (26  30 in 10 m) in Mann 
(1978) and Trobajo et al. (2013), our specimen has density almost 
twice as much (Table 1). The fibulae quantity of our specimen 
agrees with Trobajo et al. (2013), but opposed to Mann (1978) 
where the fibulae densities of his specimen were lower (8  10 in 
10m). Morphology details and variations of N. frustulum were 
discussed in depth in Trobajo et al. (2013).  
 N. inconspicua is lacking the wider central interspace of 
fibulae, despite the presence of central raphe ending. Central 
raphe ending does not necessarily accompany by the central 
nodule (Mann, 1978). The cell dimensions of N. inconspicua are 
comparable to N. invisitata Hustedt and N. soratensis Morales 
and Vis (refer to Trobajo et al. 2013). Nonetheless, the valve 
shapes and fibula densities of these species do not agree with 
each other.  
 Record of N. lanceolata and N. palea was retrieved from 
phytoplankton surveys one in Malaysia (Nather-Khan, 1990; 
Shamsudin, 1990; Wan-Maznah and Mansor, 2002). N. 
lanceolata is widely distributed in brackish and marine waters of 
Asia (Chin et al., 1986). Meanwhile, N. palea is usually associated 
with polluted stream water (Wan-Maznah and Mansor, 2002) 
and is a tolerant species (Nather-Khan, 1990). 
 The last member of section Lanceolatae recorded in 
Malaysia is N. pusilla. It is an estuarine benthic diatom (Trobajo 
et al., 2011) which has also been recorded in highly organic spring 
water (Coste and Ricard, 1980). In this study, the density of 
fibulae and striae of the whole valve were counted as that the 
total cell length of this species is less than 10 m (Table 1). A 
specimen collected from an estuary in a study done by Fareha et 
al. (2011) was identified as N. cf. amphibia (Table 1). N. amphibia 
Grunow has lanceolate-linear valves and blunted ends (Kociolek, 
2011c), as opposed to the ovate cell outline of the specimen in 
(Fareha et al., 2011). Furthermore, the measurements also did 
not fit into the size range of N.  amphibia. N. amphibia has cell 
dimensions of 14 - 41 µm in length 3.5 - 5.0 µm in width (Hustedt 
1930 as cited in Foged (1971); Boyer, 1927; Kociolek, 2011c) but 
the specimen recorded by Fareha et al. (2011) is 8.5 µm long and 
2.7 µm wide. We had therefore revised the specimen as N. pusilla 
in accordance with the micrographs and cell dimensions. 
 The cell of Nitzschia in Section Nitzschiella is 
characterized by a fusiform outline which extends into elongated 
rostrum apices (Mann, 1978). N. longissima is one of the most 
commonly recorded species of this section, though the frequent 
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confusions with Cylindrotheca sp. due to their morphology 
similarities. Cylindrotheca was originated from the genus 
Nitzschia and had been reclassified as a separate genus by 
Reimann and Lewin (1964). More often than not, specimens 
were inaccurately identified as a Nitzschia species. It was listed 
in Malaysia plankton surveys (Shamsuddin, 1990; Aishah, 2005) 
as N. closterium (Ehrenberg) Smith. N. longissima specimen has 
been clearly presented in Fareha et al. (2011) along wtih TEM 
micrographs. Both N. longissima and C. closterium have a central 
interspace and elongated rostrate projections in the apices 
(Hasle and Syvertsen, 1997). The apices of C. closterium are 
abruptly curved whereas N. longissima apices are straight. 
Perforations in the fusiform part are only observed in N. 
longissima. The habitats of both species consist of marine, 
brackish and freshwater environments (Chin et al., 1986). Among 
other morphologically similar species are N. ventricosa Kitton 
and N. acicularis (Kutzing) Smith. However, N. ventricosa has a 
centric raphe system while N. acicularis lacks a central interspace 
and has shorter rostra (Mann, 1978).  
 Another species in this section is N. lorenziana. The cell is 
sigmoid in both valve and girdle views; a feature rarely seen in 
the section Nitzschiella (Mann, 1978). Therefore, this species 
should be placed in the section Nitzschia (Mann, 1978). The 
section Nitzschia is a combination of Obtusae and Sigmata 
sections (Mann, 1978).  It may sometimes be referred as section 
Sigmoidea. The section Nitzschia comprises cells having sigmoid 
outlines in both valve and girdle views (section Sigmata) (Mann, 
1978); and are deflected at the central raphe ending area in 
those of section Obtusae. The raphe system could be strongly 
eccentric or less eccentric in some species.  
 N. lorenziana is distributed in intertidal zones and distinct 
from its variety var. densestriata by the lower density of striae 
(Chin et al., 1986). The valve outline is similar to N. clausii, apart 
from N. clausii having a central interspace and the raphe central 
deflects away from the margin. The number striae and fibulae of 
our specimens are higher compared to other Nitzschia spp. 
despite its short valves (Table 1). The width is relatively narrow 
and its apical ends are capitate. Unlike N. paeneperpetua, 
irregular striae arrangements pattern is not observed at the 
curvature margins in both N. sigma and N. lorenziana. Our 
specimen appeared non-sigmoid in girdle views, contradict to the 
type species of N. lorenziana. However, it could be an artifact as 
the light microscope images were taken from an aged culture. 
Until further evidence is obtained, we conclude that our 
specimen is N. lorenziana based on the frustule structures.  
 The very elongated and rarely recorded species N. 
paeneperpetua was collected from Port Dickson (Table 1). The 
raphe position of N. paeneperpetua is more or less eccentric. A 
member of section Nitzschia that has extensively elongated 
valves is N. maxima Grunow. However, a central nodule is absent 
in N. maxima (Mann, 1978), which differentiates it from N. 
paeneperpetua. Irregular striae arrangement patterns were 
observed at the margins where the valve is being curved to form 
a sigmoid. Although N. paeneperpetua has many similarities with 
most species from the section Insignes, this section generally 
consists of species that have very large cells with coarse fibulae 
character, which did not fit the description of our specimen.  
 A specimen identified as N. obtusa Smith was recorded 
from Sarawak estuary (Fareha et al., 2011). Referring to the 
micrograph provided in Fareha et al. (2011), the cell has an 
oblique-truncate shape in valve view and the apices ends are 
oblique. In the contrary, N. obtusa is described as having a large 
valve with deflection in the central part and lacks a central 
interpace (Mann, 1981). Thus, it could be more accurately 
identified as a variation to its type species, i.e., N. obtusa var. 
scalpelliformis Grunow based on the features and descriptions. 

N. obtusa var. scalpelliformis is taxonomically accepted as a 
synonym to N. scalpelliformis (Table 1). Similarly, a specimen of 
N. obtusa var. scalpelliformis was incorrectly identified as a 
Rhizosolenia sp. in Shamsudin (1990) (Table 1). 
 Another commonly encountered sigmoid species, i.e. N. 
sigma, differs from its allies by being sigmoid in both valve and 
girdle views (Mann, 1978). Two variations of N. sigma i.e., var. 
intercedens Grunow and var. indica Karsten were documented in 
Shamsudin (1990). However, identities of the specimens are in 
doubt due to poorly drawn illustrations and were therefore 
omitted from this listing. 
 Several species from the previous sections of Nitzschia 
that had been redefined as new genera were constantly reported 
as Nitzschia spp. in literatures (Shamsudin, 1990; Aishah, 2005). 
Some of the Nitzschia sections that had been derived as new 
genera are Pseudo-nitzschia Peragallo (section Pseudonitzschia 
peragallo), Tryblionella smith (section Tryblionella grunow), and 
Psammadictyon Mann (section Panduriformes grunow). Yet, 
scattered information on the re-classifications and obsolete data 
has led to much confusion.  Consequently, many specimens are 
being inaccurately identified as Nitzschia spp. (Table 2). For 
instance, Pseudo-nitzschia spp. were reported as Nitzschia spp. 
(Shamsudin, 1990; Aishah, 2005) while the micrographs were 
portraying the typical cell-overlapping character of the genus 
Pseudo-nitzschia. N. panduriformis illustrated in Shamsudin 
(1990) ought to be renamed as Psammadictyon panduriformis 
(Gregory) Mann. While N. panduriformis was also listed in Fareha 
et al. (2011), the identification is dubious as the description of 
the specimen of having an s-shaped valve contradicts with 
morphology of N. panduriformis. Another genus that frequently 
confused as Nitzschia due to the similarities in morphology is 
Hantzschia grunow. These two genera could be differentiated by 
the valve symmetries (see Round et al. 1990). Persistent 
inaccuracy in Nitzschia identification indicates the need for 
proper documentation of the morphology of genus Nitzschia, 
which reflects the importance of this study. 
 Previous records of Nitzschia spp. were obtained as part 
of the phytoplankton surveys conducted in Malaysia (Shamsudin, 
1990; Aishah, 2005; Saifullah et al., 2014). Most of the Nitzschia 
specimens had only been identified to the extent of its generic 
taxonomy ranking stemmed from limited ability in Nitzschia 
identification. Furthermore, the surveys done were meant for 
monitoring the water qualities instead of taxonomic purposes. 
However, the importance of proper Nitzschia species 
identification should not be neglected as some of Nitzschia 
species are toxic (Lundholm and Moestrup, 2000; Thoha et al., 
2012; Smida et al., 2014; Suriyanti et al., in press; Suriyanti and 
Gires, 2015). Comprehensive descriptions and micrographs of 
Nitzschia spp. could assist in the diatom’s identification although 
the need for less tedious and costly procedures is inevitable. 
 From our observations, we inferred that only the widths 
and the presence of central interspaces are constant intra-
species. A useful remark though is that the width of a valve must 
be measured when the cell lays flat, starting from its central 
margin to the opposite edge instead of the raphe, which is 
commonly confused as the valve margin by the novices. 
Furthermore, the presence of a central nodule does not 
necessarily accompany by the large central interspace (Mann, 
1978) as in N. inconspicua and N. navis varingica (Lundholm and 
Moestrup, 2000; Suriyanti and Gires, 2015). A central nodule is 
defined as interruption of the raphe slit by thickening of silica in 
the middle part (Hasle and Syvertson, 1997). The presence of a 
central interspace must be carefully examined through large 
volumes of whole valve observations particularly of those with 
irregular fibulae arrangements. For example, in some of the 
specimens, wider separation of fibulae in the lower valve 
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resembled a central interspace, despite its absence in the upper 
valve. Further examination of other valves had confirmed the 
central interspace non-existence. Sometimes, the wider 
separation of fibulae in the central part of some hypothecae or 
epithecae was likely due to fibulae arrangement irregularity. The 
traditional way of counting fibulae and interstriae density 
seemed to be more reliable (Reimer, 1954). This is true for cells 
that are less than 10 µm in lengths. However, it is not practical in 
frustules that are finely and densely striated. 
 The lengths of valve vary greatly amongst Nitzschia 
species. Thus, length measurements are indefinite variables yet 
important in Nitzschia identification. We would like to emphasize 
that the measurement range provided in Table 1 is based on 30 
randomly selected valves of first batch of clonal culture to 
minimize error due to size reduction from mitotic division. The 
LM images of N. lorenziana, N. frustulum, N. pusilla and N. 
inconspicua were taken on a later date from aged cultures. The 
variations in shapes and sizes especially in lengths could be partly 
affected from the different growth stages of the species (Reimer, 
1954), which could be distinct from its parental cells (Amato et 
al., 2005). 

4.  Conclusion 

 In conclusion, visual interpretations of micrographs are 
important in Nitzschia species identification. The cell shapes and 
outlines are one of the main characteristics for section 
delineation. The presence of the central interspaces is also a 
stable trait for species identifications. Sizes of valve should not 
be disregarded as an important feature in Nitzschia species 
identification as well, although they could very highly variable. In 
general, the lengths vary more greatly compared to the widths. 
Specimen observation using a light microscopy is more 
preferable and easily accessible. Nevertheless, electron 
microscopy could assist in certain ways particularly in minute 
features and angular views of the frustules. Tentative sample 
collections in unexplored sites in Malaysia could add up the 
number of current Nitzschia spp. collections. Revision of previous 
documentations of Nitzschia from Malaysia is required to rectify 
any misleading data. 
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