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The planktonic diatom genus Skeletonema is common in Indian coastal waters. Recent taxonomic studies have uncovered 
high diversity in this genus, and it is expected that several species occur also in the highly diverse marine habitats along the 
Indian coastline. In the present study, material of a culture raised from a specimen isolated from a water sample taken from 
Goa and material from two Lugol fixed samples, one from the Bay of Bengal and one from the Arabian Sea, were examined. 
Samples were examined in LM and SEM. The culture strain from Goa was also characterized using its LSU rDNA 
sequence. Results revealed that the above strain belongs to S. costatum sensu stricto. The sample from the Bay of Bengal 
contained S. grevillei and the sample from the Arabian Sea, S. tropicum.  
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The diatom genus Skeletonema Greville emend. Sarno 
et Zingone is common in the plankton of coastal 
marine habitats throughout the tropical and temperate 
regions1-4. The first species to be described in this 
genus is S. costatum (Greville) Cleve5 and in most 
studies, the genus is considered synonymous with  
this species. However, such a treatment constitutes  
a serious underestimation of the generic diversity 
because several species have been recognized in 
Skeletonema. These are: S. ardens Sarno et Zingone6, 
S. costatum (Greville) Cleve emend. Zingone et Sarno 
(sensu stricto; s.s.)7, S. dohrnii Sarno et Kooistra8,  
S. grethae Zingone et Sarno8, S. grevillei Sarno  
et Zingone6,7, S. japonicum Zingone et Sarno8,  
S. marinoi Sarno et Zingone8, S. menzelii Guillard, 
Carpenter and Reimann9, S. potamos (Weber) 
Hasle10,11, S. pseudocostatum Medlin emend. Zingone 
et Sarno8,12, S. tropicum Cleve13 and S. subsalsum  

(A. Cleve) Bethge14,15. The taxonomic treatment of 
Skeletonema is a work in progress because some  
of the proposed species are not well separated 
genetically and/or morphologically16-20. Moreover, 
cryptic diversity abounds in S. menzelii and  
S. tropicum

20. 

In a recent biogeographical study, molecular  
and morphological approaches were integrated to 
identify numerous strains of Skeletonema collected 
from all over the world20. Results indicated  

that although most Skeletonema species appear  
to be widely distributed, none seems to be truly 
cosmopolitan. However, tropical regions were 
severely underrepresented and Indian waters were 
missing in their survey. 

In Indian waters, Subrahmanyan21 reported  
S. costatum. The genus has since then been reported 
throughout the year, both in the Arabian Sea and  
the Bay of Bengal22-29. Along the west coast of  
India, Skeletonema blooms during the onset of the 
south-west monsoon after an intermittent break, when 
salinity is low and nutrient concentrations are higher 
compared to other months of the year26,30. Along the 
east coast, Skeletonema dominates the phytoplankton 
community in the northern part of the Bay of Bengal 
during the south-west monsoon and it does likewise  
at the onset of the north-east monsoon at Kalpakkam, 
in the southern part of Bay of Bengal, when salinity 
and nutrient concentrations are low28,31. These lower 
nutrient concentrations associated with dominance  
of Skeletonema in the Bay of Bengal are in contrast  
to the elevated nutrient concentrations associated  
with Skeletonema blooms along the west coast of 
India. In spite of these apparent differences, all  
these blooms are believed to consist of S. costatum. 
However, this treatment does not take into account  
the recent taxonomic appraisal of the genus. The  
goal of the present study is to give a first account  
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of Skeletonema species diversity in Indian waters 
according to the updated taxonomy. 

To accomplish this goal, we examined one culture 
strain and two preserved phytoplankton samples.  
The culture strain was isolated from the waters of 
Dona Paula Bay, Goa, along the west coast of India  
in May 2007. It was maintained in f/2 medium32  
at 25°C with 12 h : 12h L :D cycle and transferred  
to fresh f/2 medium every 10 days. It is presently  
in the culture collection of Marine Corrosion and 
Materials Research Division (MCMRD), National 
Institute of Oceanography, Goa, India. The preserved 
phytoplankton samples were collected from the east 
coast (Bay of Bengal; 21°01’N, 88°13’E; October 
2006) and west coast (Arabian Sea; 15°27’N, 
73°48’E; August 2007) of India. Culture and the 
preserved samples were prepared for LM and  
SEM following Sarno et al.

8. Samples were observed  
using an Axiophot (Carl Zeiss, Oberkochen, 
Germany) and a JEOL JSM-6700F field emission 
scanning microscope. 

The culture strain was also examined utilizing  
a molecular approach. DNA extraction, PCR 
amplification and sequencing of the first ca. 700  
base pairs of the large subunit nuclear ribosomal  
RNA coding region (LSU rDNA), and alignment  
of this marker with other sequences was carried out  
as described in Sarno et al.

8 
Culture strain was identified as S. costatum s. s. 

based on molecular and morphological results, 
whereas S. grevillei and S. tropicum were identified 
based on morphological characters in samples from 
the east and west coast of India respectively. 

Skeletonema costatum (Figures 1 and 2): Cells are 
4-12 µm in diameter and contain 1-2 chloroplasts.  
In terminal valves, fultoportulae have open processes 
that end with a claw-like protrusion (Figure 1).  
In intercalary valves, processes of fultoportulae are 
closed, with a small hole often visible at their base 
and a longitudinal suture running from the hole 
towards the process end (Figure 2). Each process 
generally connects to two processes of the sibling 
valve (1:2 junction). In both intercalary and terminal 
valves, the rimoportula is located near the marginal 
ring of fultoportulae and has a long external process 
(Figure 2). The morphological features of this strain 
corresponded to those reported in Zingone et al.

7, 
which re-examined the type material of the species, 
and in Sarno et al.

6 which observed the species as  
live material. Results of the molecular identification 
procedure showed that the partial LSU rDNA 

sequence of the culture strain was identical to those  
of S. costatum strains B and C (Lagoa dos Patos, 
Brazil, Genbank numbers EF423397 and EF423398) 
and strain SZN-B212 (Montevideo, Uruguay, 
Genbank number EF423396). 

Skeletonema grevillei (Figures 3-6): Cells are  
5-8 µm in diameter and contain 1-2 chloroplasts. The 
external parts of fultoportulae are open along their 
entire length in both terminal and intercalary valves. 
In terminal valves, processes of fultoportulae are 
irregularly truncated at their tips and pointed at their 
lateral ends (Figure 3). In intercalary valves, the 
processes of the fultoportulae are long (7-8 µm), each 
joining one process of the adjacent cells (1:1 junction) 
with a knuckle-like connection (Figures 4, 6). Several 
series of siliceous ridges link the bases of the 
processes to each other and to the valve mantle, 
delimiting a series of bigger, oval holes between  
the fultoportulae and a series of smaller, circular holes 
at the external base of the fultoportulae (Figures 3-5). 
In terminal valves of the colony the rimoportula is 
located close to the valve face margin, near the 
marginal ring of fultoportulae, and it bears a long 
process. The morphological features of some 
specimens found in the East coast (Figure 5) show  
a larger development of the silica ridges compared  
to the original description of the species7. 

Skeletonema tropicum (Figures 7-9): Cells are 9-15 
µm in diameter and contain several chloroplasts (1-7). 
Tips of the fultoportulae of terminal processes are 
irregularly truncated or, more often, show a claw-like 
projection (Figure 7). The processes of the intercalary 
fultoportulae connect tightly to those of the next cell 
(Figure 8). The junction is generally of the 1:1 type, 
but occasionally 1:2 junctions are visible (Figure 9). 
Processes of the fultoportulae are straight (Figure 8) 
or curved (Figure 9). Both types of processes have 
been observed in a single colony. Rimoportula of  
the terminal valves has a long external process, 
located midway between the annulus and the valve 
margin (Figure 7). Hasle1 showed spiraling processes 
connecting sibling cells in specimens from Peru and 
from Atlantida (Uruguay) identified as S. costatum. 

Kooistra et al.
20 uncovered cryptic diversity in  

S. tropicum. However, in the present study, we did not 
have access to genetic information for this material. 

Skeletonema costatum s. s. and S. grevillei have  
a wide geographical range, occurring in both 
temperate and tropical waters6,20. The third species,  
S. tropicum, has been reported by Kooistra et al.

20  
in tropical locations as well as in the Mediterranean 
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Sea, the East China Sea and in southern Brazil during 
summer and autumn. 

The observation of two other Skeletonema species 
(S. grevellei and S. tropicum) in addition to  
S. costatum s. s. in this study highlights the need  
for ultrastructural and molecular taxonomic studies  
to unravel the diversity of Skeletonema in Indian 
waters. Regular monitoring is needed to uncover  
not only the diversity of this genus, but also habitat 
preferences and seasonal variation of the detected 
species. 
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Plate 1— General morphology of Skeletonema (SEM pictures). (1) S. costatum, terminal valve with the marginal terminal rimoportula 
process (arrow). Scale bar = 1 µm. (2) S. costatum, intercalary valve with the long rimoportula process (arrow). Scale bar = 1 µm.  
(3) S. grevillei, terminal valve. Scale bar = 1 µm. (4) S. grevillei, intercalary valve. (5) S. grevillei, detail of an intercalary valve showing 
the well expanded silica ridges joining the bases of the intercalary fultoportula processes. Scale bar = 1 µm. (6) S. grevillei, detail of 
knuckle-like junction. Scale bar = 1 µm. (7) S. tropicum, terminal valve with fultoportula processes and subcentral rimoportula process. 
Scale bar = 5 µm. (8, 9) S. tropicum, intercalary valve. Scale bar = 5 µm 



SHORT COMMUNICATION 
 
 

293 

diatom genus Skeletonema in a tropical coastal lagoon,  
Eur. J.Phycol., 30 (1995) 107-115. 

3 Chen G, Wang G, Zhang B & Fan X, Morphological and 
phylogenetic analysis of Skeletonema costatum-like diatoms 
(Bacillariophyta) from the China Sea, Eur. J. Phycol.,  
42 (2007) 163–175. 

4 Huang C-J, Wang C, Dong Q-X & Lin X-P, Population 
dynamics of Skeletonema costatum in Zhelin Bay of Eastern 
Guangdong, Acta Ecol. Sin., 27 (2007) 142-151. 

5 Greville R K, Description of new and rare diatoms, Series 
20. Trans. Microsc. Soc. London n. s., 14 (1866) 77-86. 

6 Sarno D, Kooistra W H C F, Hargraves P E & Zingone  
A, Diversity in the genus Skeletonema (Bacillariophyceae). 
III. Phylogenetic position and morphology of Skeletonema 

costatum and Skeletonema grevillei, with the description of 
Skeletonema ardens sp. nov., J. Phycol., 43 (2007) 156-170. 

7 Zingone A, Percopo I, Sims P A & Sarno D, Diversity in the 
genus Skeletonema (Bacillariophyceae). I. A reexamination 
of the type material of S. costatum with the description of  
S. grevillei sp. nov., J. Phycol., 41 (2005) 140-150. 

8 Sarno D, Kooistra W H C F, Medlin L K, Percopo I  
& Zingone A, Diversity in the genus Skeletonema 

(Bacillariophyceae). II. An assessment of the taxonomy of  
S. costatum-like species with the description of four new 
species, J. Phycol., 41 (2005) 151-176. 

9 Guillard R R L, Carpenter E J & Reimann B F F, 
Skeletonema menzelii sp. nov., a new diatom from the 
western Atlantic Ocean, Phycologia, 13 (1974) 131-138. 

10 Weber C I, A new freshwater centric diatom Microsiphona 

potamos gen. et sp. nov., J. Phycol., 6 (1970) 149-153. 
11 Hasle G R & Evensen D L, Brackish-water and fresh-water 

species of the diatom genus Skeletonema Grev. II. 
Skeletonema potamos comb. nov., J. Phycol., 12 (1976) 73-
82. 

12 Medlin L K, Elwood H J, Stickel S & Sogin M L, 
Morphological and genetic variation within the diatom 
Skeletonema costatum (Bacillariophyta): Evidence for a new 
species, Skeletonema pseudocostatum, J. Phycol., 27 (1991) 
514-524. 

13 Cleve P T, Notes on some Atlantic plankton-organisms, 
Kunglica Svenska Vetenskaps-Akademiens Handlingar, 34 
(1900) 3-22. 

14 Bethge H, Über die Kieselalge Skeletonema subsalsum  

(A. Cleve) Bethge, Berichte der Deutschen Botanischen 

Gesellschaft., 46 (1928) 340-347. 
15 Hasle G R & Evensen D L, Brackish-water and fresh-water 

species of the diatom genus Skeletonema. I. Skeletonema 

subsalsum (A. Cleve) Bethge, Phycologia, 14 (1975) 283-297. 
16 Godhe A, McQuoid M R, Karunasagar I, Karunasagar I & 

Rehnstam-Holm N S, Comparison of three common 
molecular tools for distinguishing among geographically 
separated clones of the diatom Skeletonema marinoi Sarno 
et Zingone (Bacillariophyceae), J. Phycol., 42 (2006) 280-
291. 

17 Alverson A J & Kolnick L, Intragenomic nucleotide 
polymorphism among small subunit (18S) rDNA paralogs in 
the diatom genus Skeletonema (Bacillariophyta), J. Phycol., 

41 (2005) 1248-1257. 

18 Alverson A J, Molecular systematic and the diatom species, 
Protist, 159 (2008) 339-353.  

19 Ellegaard M, Godhe A, Harnstrom K & McQuoid M, The 
species concept in a marine diatom: LSU rDNA–based 
phylogenetic differentiation in Skeletonema marinoi /dohrnii 

(Bacillariophyceae) is not reflected in morphology, 
Phycologia, 47 (2008) 156–167. 

20 Kooistra W H C F, Sarno D, Balzano S, Gu H, Anderson R 
A & Zingone A, Global diversity and biogeography of 
Skeletonema species (Bacillariophyta), Protist, 159 (2008) 
177- 193. 

21 Subrahmanyan R, A systematic account of the marine 
phytoplankton diatoms of the Madras coast, Proc. Indian 

Acad. Sci., 24 (1946) 85–197. 
22 Devassy V P & Bhattathiri P M A, Phytoplankton ecology of 

the Cochin backwater, Indian J. Mar. Sci., 3 (1974) 46-50. 
23 Desikachary T V & Prema P, Diatoms from the Bay of 

Bengal, in: Atlas of diatoms, edited by T V Desikachary, 
Fascicle III, (TT Maps and Publications Limited, Madras) 
1987, Pls. 317:1-3. 

24 Desikachary T V, Hema A, Prasad A K S K, Sreelatha P M, 
Sridharan V T & Subrahmanyan R, Marine diatoms from the 
Arabian Sea and Indian Ocean, in: Atlas of diatoms, edited 
by T V Desikachary, Fascicle IV, (TT Maps and Publications 
Limited, Madras) 1987, Pls. 390:1-2. 

25 Devassy V P & Goes J I, Phytoplankton community 
structure and succession in a tropical estuarine complex 
(central west coast of India), Estuar. Coast. Shelf Sci., 27 
(1988) 671-685. 

26 Mitbavkar S & Anil A C, Diatom colonization on stainless 
steel panels in estuarine waters of Goa, south west coast of 
India, Indian J. Mar. Sci., 29 (2000) 273-276. 

27 Madhu N V, Jyothibabu N, Maheswaran P A, Gerson V J, 
Gopalakrishnan T C & Nair K K C, Lack of seasonality in 
phytoplankton standing stock (chlorophyll a) and production 
in the western Bay of Bengal, Cont. Shelf Res., 26 (2006) 
1868-1883. 

28 Paul J T, Ramaiah N, Gauns M & Fernandes V, 
Preponderance of a few diatom species among the highly 
diverse microphytoplankton assemblages in the Bay of 
Bengal, Mar. Biol., 152 (2007) 63-75. 

29 Habeebrehman H, Prabhakaran M P, Jacob J, Sabu P, 
Jayalakshmi K J, Achuthankutty C T & Revichandran C, 
Variability in biological responses influenced by upwelling 
events in the Eastern Arabian Sea, J. Mar. Syst., 74 (2008) 
545-560. 

30 Patil J S & Anil A C, Temporal variation of diatom benthic 
propagules in a monsoon influenced tropical estuary, Cont. 

Shelf Res., 28 (2008) 2404-2416. 
31 Saravanane N, Nandakumar K, Durairaj G & Nair K V  

K, Plankton as indicators of coastal water bodies during  
south-west to north-east monsoon transition at Kalpakkam, 
Curr. Sci., 78 (2000) 173-176. 

32 Guillard R R L & Ryther J H, Studies of marine planktonic 
diatoms I. Cyclotella nana Hustedt and Detonula 

confervacea (Cleve) Gran, Can. J. Microbiol., 8 (1962)  
229-239. 

 


