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ABSTRACT 

The occurrence and distribution of rivularian algae in brackish water fisheries of Sundarbans was studied. 
A total 13 taxa of Rivulariaceae under the genera Calothrix (eight taxa) and Gloeotrichia (five taxa) was 

recorded. These algae were found to be benthic, epiphytic and free-floating and associated with other 

group of algae. Physico-chemical characteristics of brackish water viz. water temperature, transparency, 
pH, D. O., salinity, nitrate and phosphate were also studied during the study of blue-green algae. These 

algae grow mainly in summer season and majority is restricted by salinity regime. All these taxa of 

Rivulariaceae are being reported for the first time from this region. Interspecific relationships within these 
two genera were also studied with the help of UPGMA based dendrograms.  
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INTRODUCTION 

Rivularian algae are usually called tapered blue-green algae and many of them have heterocysts which are 

mostly basal and the apices of trichomes end into a very long colourless multicellular hair (Castenholz, 
1989). Filaments (trichome with sheath) of these blue-green algae usually found to be attached to a 

substratum, individually or in groups form a flat or hemispherical colony (Geitler, 1932; Desikachary, 

1959; Bourrelly, 1970). 
Brackish water of Sundarbans has long and traditional background of fisheries which are locally called 

‘Bheri’. Blue-green algae are widely distributed in brackish water fisheries of Sundarbans and promote 

the productivity of fisheries (Naskar and Naskar, 2010). Sundarbans with its unique biodiversity and 

ecosystem function claims to be a hot-spot for scientific investigation. 
The present study explores the rivularian algae of the family Rivulariaceae associated with brackish water 

of Sundarbans and its adjacent areas in India. The investigation on distribution and diversity of algae in 

and around Sundarbans are noticed with the works of Biswas (1949), Gupta (1965, 1975), Naskar and 
Santra (1985), Gupta and Sen (1987), Santra et al., (1988), Sen and Naskar (2003), Debnath et al., (2007), 

Naskar et al., (2006, 2007, 2008a, 2008b, 2009), Naskar (2007) and Naskar and Naskar (2007, 2008). 

However, there is a gap of information on Rivulariaceae of Sundarbans. Thus, our investigation 

contributes to the knowledge of Rivularian algae in and around Sundarbans, India. 
 

MATERIALS AND METHODS 

Description of Study Area 
Sundarbans- the world heritage site covers an area of 9000 km

2 
in India and Bangladesh. Indian part is 

34% which is spread over the southern parts of South and North 24 Parganas districts of West Bengal. 

The present study was carried out in brackish water fisheries of North 24 Parganas district (Figure 1) 
which lies at 22°26´- 23° North and 88°39´-88°28´ East and brackish water with an area about 35000 ha. 
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The study site is divided as zone I, II, III and IV following the location of administrative blocks. The 

sampling sites of Zone I with Hingalganj, Sandeshkhali II and I, Zone II with Hasnabad, Haroa and 

Minakhan, Zone III includes Basirhat I and II, Baduria and Zone IV with Barasat II, Rajarhat and 
Deganga. Zone I and II are at the Southern region of North 24 Parganas district and come under 

Sundarbans, whereas Zone III and IV situated at the eastern region and western region respectively of 

North 24 Parganas district. Zone III and IV are at the outskirts of Sundarbans. 

Collection of Algae and Water 

Visible and planktonic samples were collected during 2002-2005 following summer (March-May), 

monsoon (June-August), post monsoon (September-November) and winter (December-February) seasons, 

using forceps, knives and plankton net(mesh size 42 µm) and preserved in 4% formalin. Water samples 
were also taken from each zone for analysing physico-chemical parameters. 

Water Analysis 

Water parameters viz., water temperature, pH, transparency, salinity, D.O., nitrate and phosphate were 
analysed following standard methods (APHA, 1992). 

Algae Identification 

The relevant tests were followed for determination of algal species (Desikachary, 1959; Jena et al., 2006). 
Camera lucida drawings were made of the studied algal species. 

Phylogenetic Analysis 

For better understanding of the interrelationships among the species, a data matrix was built on the basis 

of some morphological characters. The characters include colour, cell shape, cell length, cell breadth, 
spore shape, spore length, spore breadth and heterocyst diameter. The characters were put on the present 

absent basis. To analyze data obtained from the binary matrices, the NTSYS-pc version 2.1 statistical 

packages (Rohlf, 2000) was used. The statistical method took into account the presence or absence of 
each band as differential features. The binary qualitative data matrices were then used to construct 

similarity matrices based on Jaccard similarity coefficients (Jaccard, 1908). The similarity matrices were 

then used to construct dendrograms using UPGMA (Unweighted Pair Group Method with arithmetic 

Average) method. 
 

RESULTS 

The different physico-chemical parameters of water were given in Table 1. Water temperature ranged 
from 16.3°C to 33.9°C at different zones of brackish water fisheries during the study. The highest 

temperature was recorded during summer and the lowest in winter. Transparency values ranged between 

9.4 cm and 52.3 cm, the higher transparency was recorded during summer and winter and lower 
transparency was noticed during monsoon and post monsoon. The pH of brackish water fisheries was 

always alkaline and ranged between 7.4 and 8.9. Salinity values were higher during summer and 

subsequently dropped during monsoon. Post monsoon and winter values of salinity were lower than 

summer but higher than monsoon. The range of salinity value was 3.4gl
-1

 to 22.3gl
-1
 D.O. levels ranged 

between 6.4mgl
-1

 and 10.1mgl
-1

. Higher value of D.O. was noticed during summer and post monsoon and 

lower values were recorded during monsoon and winter. Nitrate-nitrogen level ranged between 0.02mgl
-1

 

and 0.49mgl
-1

. Levels of Phosphate-phosphorus ranged between 0.01mgl
-1 

and1.5mgl
-1
. Both nitrate and 

phosphate values were higher during summer and winter and succeedingly lower during monsoon and 

post monsoon.  

The 13 algal species of Rivulariaceae were found to be distributed chiefly in Zone IV, as shown in table 2 
with the exception of Gloeotrichia echinulata (found in zone III). The different members of Calothrix and 

Gloeotrichia are described below (Figure 2 and 3). 

1. Calothrix scopularum (Weber et Mohr.) Ag. Ex Born et Flah (Figure 2a) 

Desikachary, Cyanophyta, p.524, Pl.III, Figure 9, 1959. Thallus caespitose, dull green, filaments tortuous, 
10.4-16.5 µ broad, slightly swollen at the base, sheath yellowish and dilated, trichome 7-14µ broad, 

attenuated, cells subquadrate, heterocysts basal. 
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Locality: Zone IV, benthic, summer; Voucher No. NMN. 17. 

2. Calothrix marchia var. intermedia Rao C.B. (Figure 2b) 

Desikachary, Cyanophyta, p.544, Pl.113, Figur102, 1959; Jena et al., Indian Hydrobiology, 9(1): 103-
113, Pl. 1, Figur6, 2006 

Filaments straight or bent, singly or in groups of two, 6.5-7 µ broad, attenuated at the tip, without or 

terminal hair, sheath thin, hyaline and firm, trichomes 4.2-4.7 µ broad, constricted at the cross walls; cells 
quadratic, shorter or longer than broad, 4-8 µ long, heterocysts single, basal and spherical, 4-5 µ broad. 

Locality: Zone IV, benthic, summer; Voucher No. NMN. 48. 

3. Calothrix weberi Schmidle (Figure 2c) 

Desikachary, Cyanophyta, p.540, 1959. 
Filaments single unbranched, very much bent, about 7.5 µ broad at the base, sheath different, hyaline, 

thin, close to the trichome, 4.7 µ broad, cells cylindrical, a little longer than broad, heterocysts basal. 

Locality: Zone IV, free-floating, monsoon; Voucher No. NMN. 17. 

4. Calothrix javanica de Wilde. (Figure 2d) 

Desikachary, Cyanophyta, p.525, Pl.106, Figurs1, 2, 5-7 & Pl. 115, Figurs 3,4, 1959. 

Filaments single, in the mucilage of other algae, with a distinct colourless unlamellated sheath, trichome 
5-7 µ broad, heterocysts basal, 4-5 µ broad, spores 7-8 µ long, about 4 µ broad. 

Locality: Zone IV, associated with other algae, summer; Voucher No. NMN. 36. 

5. Calothrix bharadwajae De Toni, J. (Figure 2e) 

Desikachary, Cyanophyta, p.526, Pl.112, Figur 3, 1959. 
Filaments straight or slightly bent, sheath hyaline, thin, closely depressed to the trichome, trichome 

constricted at the joints, cells barrel shaped, longer than broad, 5-12 µ long, 5-7 µ broad, heterocysts 3.5-

5.2 µ in diameter, basal and single, spherical or cylindrical, quadratic adjoining the basal spore, spore 
single with rounded end, only wall smooth and hyaline, 7.8-9 µ broad and 25-30 µ long. 

Locality: Zone IV, epiphytic, summer; Voucher No. NMN. 48. 

6. Calothrix wembaerensis Heiron. et Schmidle (Figure 2f) 

Desikachary, Cyanophyta, p.525, Pl.107, Figur 3 & Pl. 110, figs 1-7, 1959. 
Filaments long, sheath thick and colourless, cells at the base of filament about 8 µ broad, heterocysts 

basal mostly two, spores cylindrical with rounded ends, 9-11 µ broad and 16-19 µ long. 

Locality: Zone IV, free-floating, summer; Voucher No. NMN.39. 

7. Calothrix geitonos Skuja (Figure 2g) 

Desikachary, Cyanophyta, p 537, pl.109, Figur 6-12, 1959. 

Filaments arranged in a caspitose colony, rarely solitary, erect or flexuous, 1 mm or long, quadrally 
attenuated into a long, hyaline hair, sheath colourless, mucilaginous about 2.7-3 µ thick, cells at the base 

7-8 µ broad, constricted at the cross walls. Cells in the hair longer than 8-8.5 µ broad, 8-17 µ long, 

yellowish. 

Locality: Zone IV, associated with other algae, summer; Voucher No. NMN. 39. 

8. Calothrix scytonemicola Tiden (Figure 2h) 

Desikachary, Cyanophyta, p.537, Pl.112, Figur 144, 1959. 

Filaments 7-8 µ in diameter, upto 170 µ long, isolated or in small groups, lower portion attached to the 
host, the remainder free, ending in a pointed hair, sheath distinct, heterocysts 7-8 µ in diameter, basal, 

usually two, nearly globose.  

Locality: Zone II, epiphytic, summer; Voucher No. NMN. 39. 

9. Gloeotrichia echinulata (J. E.) Smith P. Richter (Figure 3a) 

Desikachary, Cyanophyta, p.556, Pl.116, Figurs 9, 10, 1959. 

Thallus soft, spherical, filaments loosely arranged, sheath delicate, trichome at the base 8-10 µ broad, 

cells cylindrical with gas vacuoles, heterocyst spherical or ellipsoidal 7-8 µ broad, spores cylindrical with 
rounded ends, straight, 8-10 µ broad. 

Locality: Zone II, benthic, post monsoon; Voucher No. NMN. 101. 
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10. Gloeotrichia longicauda Schmidle (Figure 3b) 

Desikachary, Cyanophyta, p.558, Pl.117, figurs.1, 7, 8, 1959. 

Filaments with diffluent sheath, unlamellated and trichome gradually attenuated into a long hair, cells 
cylindrical or barrel-shaped, longer or shorter than broad and 17-25 µ long. 

Locality: Zone IV, benthic, monsoon; Voucher No. NMN. 21. 

11. Gloeotrichia ghosei Singh, R.N. (Figure 3c) 
Desikachary, Cyanophyta, p.561, Pl.118, Figurs1-3, 1959; Jena et al., Indian Hydrobiology, 9(1): 103-

113, Pl.1, Figur 4, 2006. 

Filaments with a thin and brown sheath, sometimes constricted at intervals, trichome constricted at the 

cross walls. Cells at the  base 8-11.5 µ broad, heterocyst single, spherical 9-12 µ broad, spores long 
ellipsoidal with a hyaline smooth outer wall, 12-16 µ broad, 32.8-47.5 µ long, sheath 3-4.2 µ thick. 

Locality: Zone IV, free-floating, winter; Voucher No. NMN. 17. 

12. Gloeotrichia raciborskii var. conica Dixit (Figure 3d) 
Desikachary, Cyanophyta, p.563, Pl.117, Figurs10-12, 1959. 

Filaments long 108-150 µ, trichome 5-7 µ broad, heterocysts 7 µ in diameter, spores 8-11 µ broad, 29-32 

µ long with a sheath often covers the basal heterocysts. 
Locality: Zone IV, epiphytic, summer; Voucher No. NMN. 48. 

13. Gloeotrichia raciborskii var.salsettense Dixit (Figure 3e) 

Desikachary, Cyanophyta, p.564, Pl.117, Figurs9-15, 1959. 

Filaments pale blue-green, 220 µ long, trichomes 5-8 µ broad, heterocyst 4-5 µ broad, spores 11-13 µ 
broad and upto 33 µ long. 

Locality: Zone IV, associated with other algae, summer; Voucher No. NMN. 48. 

Relationship within the Members of the Two Genera 
The UPGMA dendrogram showed the relationship of different species of the two genera (Figure 4). 

Within Calothrix, two main subclusters were formed. The first clade was formed with Calothrix 

scopularum, C. marchia var. intermedia, C. weberi, C. javanica and C. bharadwajae. Among them, C. 

javanica and C. bharadwajae were closer than others. C. scopularum formed a separate clade within this 
subcluster. The second subcluster was formed by C. wembaerensis, C. geitonos and C. scytonemicola. 

Within this, C. geitonus maintained its individuality. 

Within Gloeotrichia, there were also two subclusters. The first subcluster was formed by only two species 
namely Gloeotrichia echinulata and G. raciborskii var. conica. The second subcluster was formed by G. 

raciborskii var. salsettense, G. ghosei and G. longicauda. Within this subcluster, G. ghosei maintained its 

individuality. 
 

DISCUSSION 

A total of 13 taxa from 2 genera of the family Rivulariaceae were recorded for the study. Table 2 depicts 

the distribution of recorded algal species in different zones along with ecological habit. All the species 
were found to grow in zone IV except the species Gloeotrichia echinulata which is noticed in zone III of 

the study site. The appearance of particular algae is an indication of physico-chemical nature of the water 

body and their adaptability to a condition of an aquatic system. The identified algal species show the 
ecological habit viz. benthic, free-floating, epiphytic and also associated with other group of algae as 

floating form. 

The physico-chemical characters of the habitat where these algae grow may be favourable but salinity 
regime restricts the growth of these algae which are widely distributed in zone II where the salinity values 

range between 3.4-8.4 gl
-1

 (Table 1). The only species Gloeotrichia echinulata is found to grow at salinity 

level 7.8-10.6 gl
-1

. The members of Rivulariaceae are widely distributed during summer season but 

monsoon and winter season are not favourable for these algal species.  So, the temperature 25°C and 
above during summer season is almost favourable for these algal species (Naskar and Naskar, 2010).  

Blue-green algae occur in a wide range of temperature (Little, 1973), but the members of Rivulariaceae  
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Table 1: Range of physico-chemical characters of brackish water of Sundarbans 

Parameters Zone I Zone II Zone III Zone IV 

Water temp. (°C) 20.0-33.9 19.3-32.5 16.3-30.5 18.2-33.9 

Transparency (cm) 9.4-18.5 12.1-52.3 20.8-37.5 22.8-35.3 

pH 7.8-8.6 7.8-8.9 7.4-8.5 7.6-8.4 

Salinity (gl
-1
) 7.9-22.3 7.8-10.6 7.2-12.0 3.4-8.4 

D.O. (mgl
-1

) 6.4-9.5 8.0-10.0 7.8-10.1 8.1-9.9 

Nitrate (mgl
-1

) 0.02-0.17 0.02-0.18 0.03-0.13 0.05-0.49 

Phosphate (mgl
-1

) 0.01-0.57 0.61-1.5 0.08-0.13 0.35-0.98 

 

Table 2: Diversity and distribution of Rivularian algae with ecological habit 

Sl no. Members of Rivulariaceae Zone I Zone II Zone III Zone IV Ecological habit 

1 

Calothrix scopularum 

(Weber etMohr.)Ag. Ex Born 
etFlah. 

- - - + Benthic 

2 
Calothrix marchia var. 

intermedia Rao, C.B. 
- - - + Benthic 

3 Calothrix weberi Schmidle - - - + Free-floating 

4 Calothrix  javanica de Wilde - - - + 
Associated with 
other algae 

5 
Calothrix bharadwajae De 

Toni, J. 
- - - + Epiphytic 

6 
Calothrix wembaerensis 
Heiron. et. Schmidle 

- - - + 
Associated with 
other algae 

7 Calothrix geitonos Skuja - - - + 
Associated with 

other algae 

8 
Calothrix scytonemicola 

Tilden 
- - - + Epiphytic 

9 
Gloeotrichia echinulata 
Smith (J.E.) P. Richter 

- - + - Benthic 

10 
Gloeotrichia longicauda 

Schmidle 
- - - + Benthic 

11 
Gloeotrichia ghosei Singh, 
R.N. 

- - - + Free-floating 

12 
Gloeotrichia raciborskii var. 

conica Dixit 
- - - + Epiphytic 

13 
Gloeotrichia raciborskii var. 

salsettense Dixit 
- - - + 

Associated with 

other algae 

‘+’ = present; ‘-’= absent 
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Figure 1: Different zones of brackish water wetlands in the District 24-Parganas (North), West 

Bengal, India 

 

do not have a wide adaptability to the varied environmental conditions of brackish water. The studied 

Rivularian algae with heterocysts contribute to the nitrogen enrichment of brackish water fisheries 
(Naskar and Naskar, 2010).  
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Figure 2: Different species of the genus Calothrix. a. Calothrix scopularum (Weber et Mohr.) Ag. ex 

Born. et Flah; b. Calothrix marchia var. intermedia  Rao, C.B.; c. Calothrix weberi Schmidle; d. 

Calothrix javanica de Wilde; e. Calothrix bharadwajae De Toni, J.; f. Calothrix wembaerensis 

Heiron. et Schmidle; g. Calothrix geitonos Skuja; h. Calothrix scytonemicola Tilden 

 

 
 

Figure 3: Different species of the genus Gloeotrichia. a. Gloeotrichia echinulata Smith (J.E.) P. 

Richter; b.  Gloeotrichia longicauda Schmidle; c. Gloeotrichia ghosei Singh, R.N.; d. Gloeotrichia 

raciborskii var. conica Dixit and e. Gloeotrichia raciborskii var. salsettense Dixit. 
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Figure 4:  UPGMA dendrograms of the investigated taxa. a. Calothrix, b. Gloeotrichia.  
 

This is the first report on the interrelations of these two genera with the help of morphological data. The 

UPGMA based dendrograms clearly showed the inter relationship among the different species. This 
relationship will help further studies on these two genera. Gloeotrichia raciborskii var. conica Dixit and 

Gloeotrichia raciborskii var. salsettense Dixit, although belong to the same species, were separated in the 

dendrogram (Figure 4b). Thus, further study on their relationship is required.  

This study reports for the first time the distribution and interrelations of Calothrix and Gloeotrichia in 
brackish water fisheries of Sundarbans. Interspecific relationships within these two genera will help 

further studies on these two genera.  
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