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Abstract
This is the first report of species diversity of cyanobacterial flora present in the microbial mats of two slightly alkaline geothermal
springs located at Meteldanga and Khorasinpur in Birbhum district of West Bengal. Five species of cyanobacteria found in the
hot-spring at Meteldanga (49ºC) are –Leptolyngbya laminosa, Phormidium tenue, Thermosynechococcus elongatus, Leibleinia
gracilis and Phormidium amphibium. Species identified from the hot spring at Khorasinpur (59ºC) are Leptolyngbya laminosa,
Phormidium breve, Aulosira bombayensis and Scytonema varium. Of these Leibleinia gracilis, Lyngbya hieronymusii and
Aulosira bombayensis are reported for the first time from the hot springs of West Bengal. Water of these two hot-springs was
physico-chemically analysed with regard to nine parameters – pH, temperature, redox, Electrical conductivity, acidity, alkalinity,
free CO2, Dissolved oxygen, ammonium. On the basis of predominance of cyanobacterial species the mats were designated as
Synechococcus type and Leptolyngbya type. Synechococcus type mat was found in Meteldanga and Leptolyngbya type mats
were collected from both Meteldanga and Khorasinpur. Leptolyngbya laminosa was most abundant species in both geothermal
springs. It was found to occurr with more diverse filamentous cyanobacteria in low temperature regions of hot springs.
Correlation between water parameters and occurrence of cyanobacterial species in mats was analysed using CCA for both
geothermal springs.
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Introduction
The present work is part of a series of investigations undertaken on the cyanobacterial flora of hot springs located
in West Bengal. On previous occasion cyanobacterial flora were studied from hot springs located at Bakreswar
and Panifala (Debnath et al., 2009; Roy et al., 2014 and Roy et al., 2015). In this article we are presenting for the
first time cyanobacterial species composition of mats collected from two new hot springs located at Meteldanga
and Khorasinpur in the district of Birbhum. Previously, cyanobacterial population from hot springs have been
reported from states like Himachal Pradesh, Haryana, Maharastra, Gujrat, Bihar and Orissa (Vasistha, 1968;
Thomas and Gonzalves, 1965; Jha, 1992; Jha and Kumar, 1990; Adhikary, 2006; Adhikary and Sahu, 1987;
Bharadwaj and Tiwari, 2010; Bharadwaj et al., 2010; Dash et al., 2012 and Mongra, 2012). Jana (1973) while
working on spring water potability and planktons from Bakreswar, worked on diversity of cyanobacterial flora of
Bakreswar geothermal spring of West Bengal, Debnath et al. (2009) and Roy et al. (2014) and Roy et al. (2015)
conducted through systematic study of the cyanobacterial flora from various geothermal springs of West Bengal.
These studies involve study of distribution and detailed description of cyanobacterial species diversity of these
geothermal springs along with physico-chemical parameters of the hot spring water. It is to be noted that each
thermal spring is more or less constant in its physico-chemical features and has its own characteristic
cyanobacterial population found throughout the year (Castenholz, 1969). There exists a distinct relation between
the physico-chemical parameters of the water and cyanobacterial species distribution in a hot spring. So, in the
present study, physico-chemical parameters of these two hot spring water have been worked out and these
parameters have been correlated with species distribution of cyanobacteria.
Materials and Methods
Sampling sites
One of the two present sampling sites is a solitary thermal spring at Meteldanga (N 18°00 E 077°20.625’) in the
district of Birbhum, West Bengal. Hot water comes out from an artificially made concrete structure called the
mouth and runs over the concrete surface.
The second sampling site is Khorasinpur (N 24°04.315’ E 087°44.732’) in the same district. Here hot water
comes out from the mouth of an iron pipe which has been inserted at the source of the hot water.
Sampling and morphological study
Mat samples of cyanobacteria, formed on the surface near the mouth of the thermal spring, were collected using
15cmx15cm quadrate. Microscopic observations were undertaken within 24 hours of sampling to study the
morphology of organisms forming the mats by making temporary slides using 10% glycerin. Microphotographs
were taken using Leica trinocular DM 2500 microscope with photographic attachment. Identification of
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cyanobacterial samples was done following Desikachary (1959) and Anagnostidis and Komárek (1985, 1988,
1990).
Relative species abundance
It was determined from cyanobacterial mat samples collected in quadrates from the sampling sites following
Dash (2001) to obtain the quantitative value of species occurrence.
Physico-chemical analysis of spring water
Temperature: Spring water temperature was measured by thermometer in the field.
pH: pH values of samples were determined by Orion digital pH meter (Orion; Thermo Fisher Scientific, USA).
Acidity, Alkalinity and Free CO2: Acidity, Alkalinity and Free CO2 of spring water were estimated by titrimetric
method (Trivedy and Goel, 1984).
D.O. : D.O. of spring water was estimated by Winkler’s method.
Statistical analysis
Canonical Correspondence Analysis: CANOCO version 4.5 (Ter Braak, 1986) was used.
Results
Cyanobacterial species composition of the mats and samples collected from hot springs
Five cyanobacterial species were identified from mats collected from thermal spring located at Meteldanga. Four
cyanobacterial species were identified from mats collected from the mouth of Khorasinpur hot spring. Here, three
cyanobacterial species were intermingled sparsely with Leptolyngbya laminosa. One organism was collected
from samples collected from bathing pond attached to the thermal spring (Table 1; Plate 1& 2).
More diversity was found in mats collected from Meteldanga than Khorasinpur. The species composition of upper
and lower surface of the mat collected from the mouth of Meteldanga thermal spring differed. Mats collected from
the place little away from the mouth contain cyanobacterial species other than those present in mats collected
from the mouth (Table 1).

Table 1: Table showing the sampling sites and list of isolated cyanobacteria from mats

Meteldanga
Upper surface
of mat near
mouth
Leptolyngbya
laminosa

Lower surface of
mat near mouth

Mat from site away
from mouth

Phormidiun
tenue
Leptolyngbya
laminosa

Thermosynecococc
us elongatus
Leibleinia gracilis
Phormidium
amphibium

Khorasinpur
Mat near mouth

Phormidium breve
Leptolyngbya
laminosa
Lyngbya
hieronymusii
Aulosira
bombayensis

Bathing pond

Scytonema
varium
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Plate 1: Sampling sites and collected cyanobacterial mats. Fig. 1. Sampling site of Meteldanga; Fig. 2. Sampling site of
Khorasinpur; Fig.3.Upper surface of mat from mouth of Meteldanga; Fig. 4. Lower surface of mat from mouth of Meteldanga;
Fig. 5. Mat from site away from mouth of Meteldanga; Fig. 6 & Fig. 7. Mat from Khorasinpur.

Plate 2: Microphotographs of cyanobacteria isolated from mats collected from Meteldanga and Khorasinpur. Fig.1.
Thermosynechococcus elongatus; Fig. 2. Leptolyngbya laminosa; Fig. 3. Phormidium amphibium; Fig. 4. P. Breve; Fig. 5.
Leibleinia gracilis; Fig. 6. P. tenue; Fig. 7. Lyngbya hieronymusii; Fig. 8. Aulosira bombayensis; Fig. 9. Scytonema varium
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From morphometric exploration we observed that all the microbial mats in Meteldanga and Khorasinpur thermal
springs are principally dominated by Thermosynechococcus elongatus and Leptolyngya laminosa are belong to
i) Thermophilic Synechococcus type and ii) Leptolyngbya type respectively.
i)
Thermophilic Synechococcus type: This mat type was dominated by Thermosynechococcus
elongatus. Along with this species Leibleinia gracilis and Phormidium amphibium were present in
lower frequency. This mat was found at distant position from the mouth of the thermal spring of
Meteldanga.
ii)
Leptolyngbya type: This mat type was dominated by Leptolyngbya laminosa. Phormidium tenue
was present at lower frequency at the lower surface of the mat collected from the mouth of thermal
spring of Meteldanga.
Phormidium breve, Lyngbya hieronymusii and Aulosira bombayensis were present in very low
frequency at different layer of the mat collected from the mouth of the thermal spring of
Khorasinpur. In both cases, the mats are characterized by thick gelatinous matrix within which the
filaments are embedded.
Leptolyngbya laminosa was most abundant cyanobacterial species found in mats collected from both study sites
(Table 2).

Table 2: Relative abundance of cyanobacterial species identified from mats collected from Meteldanga and
Khorasinpur hot springs

Sl.
No.

Cyanobacterial taxa

Relative abundance
in
Meteldanga
thermal spring

1.

Leptolyngbya
laminosa
(Gomont) Anagnostidis et
Komárek
Thermosynechococcus
elongatus Katoh
Phormidium tenue
Phormidium amphibium
Leibleinia
gracilis
(Rabenhorst et Gomont)
Anagnostidis and Komárek
Phormidium breve
(Kütz.
ex
Gom.)
Anagnostidis et Komárek
Lyngbya
hieronymusii
Lemm.
Aulosira bombayensis
Gonzalves

++++

Relative
abundance in
Khorasinpur
thermal spring
++++

++++

-

+++
+
+

-

-

+

-

+

-

+

2.
3.
4.
5.

6.

7.
8.

Relative species abundance : - : nil ; + : 1-5% ; ++ : 5-20% ; +++ : 30-50% ; ++++ : 50-90%.

Canonical Correspondence Analysis (CCA)
CCA was done to understand the correlation between physico-chemical parameters of spring water and
cyanobacterial mat community of both study sites (Table 3; Table 1). The result from the ordination diagram (Plate
3) indicates that the environmental parameters may be ranked in terms of their influence on species distribution
considering the length of arrows – EC, D.O., ammonium, acidity, alkalinity, redox potential, temperature, free CO2
and pH. The relative weight as denoted by extra-fit values for the parameters indicates a narrow range of variation
(0.3480 - 0.4959) with a p-value of 0.0820. The fraction of variance explained by corresponding axes indicates that
the first axis is mostly contributing in explaining species – environment relationship. Axis 1 bears most strong
positive correlation with free CO2 and most strong negative correlation with alkalinity where as axis 2 has most
strong positive correlation with acidity and most strong negative correlation with pH.
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Table 3: Table showing water parameters of thermal springs

Water parameters

Meteldanga

Khorasinpur

pH

6.8

7.5

Acidity (mg

L-1)

3.9

2.5

Free CO2 (mg L-1)

1.0

0.5

L-1)

6.6

7.9

5.6

3.1

Redox (mV)

94.8

90.3

Temperature (ºC)

49

59

0.872

0.373

0.83

0.63

Alkalinity (mg
D.O. (mg

L-1)

Ammonium (mg
EC (mS

cm-1)

L-1)

All four eigenvalues are canonical and correspond to axes that are constrained by the environmental variables.

According to the ordination diagram (Plate 3) filamentous cyanobacteria Phormidium amphibium, Leibleinia gracilis
and unicellular cyanobacteria Thermosynechococcus elongatus occur at the base of the arrow representing
temperature showing affinity towards sites with low temperature. Their occurrence is also influenced by low pH.
Leptolyngbya laminosa shows affinity towards site with moderate temperature, alkalinity and pH. Occurrence of
Phormidium breve and Aulosira bombayensis are influenced by temperature and pH. Scytonema varium, a
heterocystous cyanobacteruium shows affinity towards increasing amount of ammonium as well as D.O., E.C.,
redox and acidity. Phormidium tenue also occurs with increasing D.O., E.C., redox and acidity.

Plate 3: CCA ordination diagram showing correlation between cyanobacterial species and water parameters of Meteldanga
and Khorasinpur thermal spring.

Discussion
This is the first sutdy of cyanobacterial species composition of mats collected from hotsprings located at
Meteldanga and Khorasinpur situated in the district of Birbhum, West Bengal. Except three cyanobacterial species
– Leibleinia gracilis, Lyngbya hieronymusii and Aulosira bombayensis all the cyanobacterial species are similar to
those reported by Debnath et al. (2009), Roy et al. (2015) from different sites of Bakreswar thermal spring complex
(district Birbhum) and by Roy et al. (2014) from Panifala thermal spring (district Bardwan) from West Bengal.
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In geothermal springs temperature is one of the most important factors which influences the distribution
and diversity of cyanobacterial species (Roy et al., 2014). At 50ºC layered mats are formed by unicellular
cyanobacterium – thermophilic Synechococcus (Ferris and Ward, 1997; Ferris et al., 1996; Ward and Castenholz,
2002; Debnath et al., 2009). Roy et al. (2014) and Roy et al. (2015) reported presence of Thermosynechococcus at
a temperature of 54-61ºC. Occurrence of Synechococcus sp. along with other filamentous species like Phormidium,
Pseudoanabaena and Spirulina was reported by Norris et al. (2002) from Yellow stone National park at a lower
temperature of 40-47ºC. However the occurrence of this combination of species was more diverse than those
present at higher temperature (60-80ºC). Newly studied locations, visited in the present study, also have
occurrence of Thermosynechococcus elongatus at lower temperature along with filamentous cyanobacteria. The
occurrence of Leptolyngbya is very frequent as reported by microscopy and sequencing (Albertano and Korácik,
1994; Ishida et al., 2001; Casamatta et al., 2005; Komárek and Anatgnostidis, 2005: Taton et al., 2006; Johansen
et al., 2008; Bohunická et al., 2011). In Lake Bogoria, Kenya (40-80ºC) the occurrence of Leptolyngbya was most
prevalent (Dadheech et al., 2013). Amarouche et al. (2014) reported morphological and phylogenetic diversity of
thermophilic cyanobacteria in Algerian hot springs. The hottest springs were dominated by members of
Leptolyngbya, Synechococcus-like cyanobacteria where as members of Oscillatoriales other than Leptolyngbya,
Chroococcales and Stigonematales dominated lower temperature springs. In our observation Leptolyngbya have
been found in both lower (49ºC) and higher temperature (59ºC). This indicates the adaptability of this genus at
wider temperature range. At 55ºC, Leptolyngbya is one of the dominant cyanobacteria. Coman et al. (2013)
reported the occurrence of Leptolyngbya as a dominant cyanobacterium from two slightly alkaline hot springs at
55ºc from the western plain of Romania. Occurrence of Leptolyngbya in the two hot springs under study (49 - 59ºC)
corroborates earlier findings.
Ward and Castenholz (2002) and Sompong et al. (2005) emphasized the role of pH in species
distribution. Leptolyngbya laminosa was found in slightly alkaline pH at Vairabkunda in Bakreswar geothermal
spring (Roy et al., 2015). In present study, occurrence of L. laminosa at pH 6.8-7.5 supports the previous reports.
CCA of present study also supports this view.
Following CCA ordination diagram, Debnath et al. (2009) reported that occurrence of Phormidium breve
is influenced by temperature. In CCA ordination diagram of summer and monsoon of Bakreswar thermal spring,
presence of filamentous forms in the lower temperature zone is reflected (Roy et al., 2015). CCA ordination
diagram of present study supports the previous view. Effect of pH on occurrence of Phormidium amphibium was
reported in CCA ordination diagram (Roy et al., 2015).Findings of the present study is similar to the previous
reports.
References
Adhikary, S.P. 2006. Blue Green Algae: Survival Strategies in Diverse Environment. Pointer Publication, Jaipur,
pp. 156-172
Adhikary, S.P. and J. Sahu, 1987. Limnology of the thermal springs of Orissa. J. Bombay Nat. Hist. Soc. 84: 497502.
Albertano, P. and L. Koύĉik, 1994. Is the genus Leptolyngbya (Cyanophyte) a homogeneous taxon? Algol. Stud.
75: 37-51
Amarouche, Y.S., A. Benouadah, A. EI Ouahab Bentabet and P. López Garcia, 2014. Morphological and
phylogenetic diversity of thermophilic cyanobacteria in Algerian hot springs. Extremophiles 18(6): 1035-1047
Anagnostidis, K. and J. Komárek, 1985. Modern approach to the classification system of cyanophytes: 1Introduction. Algol. Stud. 38/39: 291-302
Anagnostidis, K. and J. Komárek, 1988. Modern approach to the classification system of cyanophytes: 3Oscillatoriales. Algol. Stud. 50/53: 327-472
Anagnostidis, K. and J. Komárek, 1990. Modern approach to the classification system of cyanophytes: 5Stigonematales. Algol. Stud. 59: 1-73
Bharadwaj, K.N. and S.C. Tiwari, 2010. Cyanobacterial diversity of two hyper-thermal spring, Ringidad and
Soldhar in Tapoban geothermal field, Uttarkhand, Himalaya. Curr. Sci. 99: 1513-1515

37

Phykos 46 (1): 32-39 (2016)
©Phycological Society, India

Cyanobacteria from two hot springs of West Bengal

Bhardwaj, K.N., S.C. Tiwari and Y.M. Bahuguna, 2010. Screening of thermophilic cyanobacteria isolated from
Tapoban geothermal field, Uttarakhand Himalaya for the production of antibacterial compounds. Asian J. Exp.
Biol. Sci. 1(4): 787-791
Bohunická, M., J.R. Johansen and K. Fućíková, 2011. Tapinothrix clintonii sp nov (Pseudoanabaenaceae,
cyanobacteria), a new species at the nexus of five genera. Fottea 11: 127-140.
Casamatta, D.A., J.R. Johansen, M.L. Vis and S.T.Broadwater, 2005. Molecular and morphological
characterization of ten polar and near-polar strains within the Oscilltoriales (Cyanobacteria). J. Phycol. 41: 421438
Castenholz, R. W. 1969. Thermophilic blue-green algae and the thermal environment. Bacteriol. Rev. 33: 476504
Coman, C., B. Drugă, A. Hegedus, C. Sicora and N. Dragos, 2013. Archaeal and bacterial diversity in two hot
spring microbial mats from a geothermal region in Romania. Extremophiles 17: 532-534
Dadheech, P.K., G. Glöckner, P. Casper, K. Kotut, C.J. Mazzoni, S. Mbedi and L. Krienitz, 2013. Cyanobacterial
diversity in the hot spring, pelagic and benthic habitats of a tropical soda lake. FEMS Microbiol. Ecol. 1-13
Dash, M.C., 2001. Fundamentals of Ecology. Tata McGraw-Hill Publication, New Delhi, pp. 525
Dash, A., S.S. Panda, S. K. Palita, H. K. Patral and N. K. Dhal, 2012. Spatial and temporal variation of
phytoplankton in hot-spring of Atri, Odisha, India. Curr. Bot. 3 (5): 35-40
Debnath, M., N.C. Mandal and S. Ray, 2009. The Study of Cyanobacterial Flora from Geothermal Springs of
Bakreswar, West Bengal, India. Algae 24(4): 129-138
Desikachary, T.V., 1959. Cyanophyta. Indian Council of Agricultural Research, New Delhi, pp. 686
Ferris, M.J., A.L. Ruff-Roberts, E.D. Kopczynski, M.M. Bateson and D.M. Ward, 1996. Enrichment culture and
microscopy conceal diverse thermophilic Synechococcus populations in a single hot spring microbial mat habitat.
Appl. Environ. Microbiol. 62: 1045-1050
Ferris, M.J. and D.M. Ward, 1997. Seasonal distributions of dominant 16S rRNA-defined populations in a hot
spring microbial mat examined by denaturing gradient gel electrophoresis. Appl. Environ. Microbiol. 63: 13751381
Ishida, T., M.M. Watanabe, J. Sugiyama and A. Yokota, 2001. Evidence for polyphyletic origin of the members of
the orders of Oscillatoriales and Pleurocapsales as determined by 16S rDNA analysis. FEMS Microbiol Lett. 201:
79-82
Jana, B.B. 1973. The thermal springs of Bakreswar, India physico-chemical conditions, flora and fauna.
Hydrobiologia 41: 291-307
Jha, M. 1992. Hydrobiological studies on Suraj Kund and Chandrama Kund, hot springs of Rajgir, Bihar, India.
Int. Rev. Gesamten. Hydrobiol. 77: 435-443
Jha, M. and H.D. Kumar, 1990. Cyanobacterial flora and physicochemical properties of Saptadhara and Brahma
Kund hot springs of Rajgir, Bihar, India. Nova Hedwigia 50: 529-534
Johansen, J. R., C.E. Olsen, R.L. Lowe, K. Fuckikova and D.A. Casamatta, 2008. Leptolyngbya species from
selected seep walls in the Great smoky mountains National Park. Algol. Stud. 12: 21-36
Komarek, J. and K. Anagnostidis, 2005. Cyanoprokaryota 2. Oscillatoriales, Vol. 19/2 Ed. Büdel, B., G. Gärtner,
L. Krienitz and M. Schagerl Spectrum Academischer Verlag, Elsivier, München, pp. 1-757

38

Phykos 46 (1): 32-39 (2016)
©Phycological Society, India

Cyanobacteria from two hot springs of West Bengal

Mongra, A.C., 2012. Distribution pattern of cyanobacteria in hot water springs of Taptapani, Himachal Pradesh,
India. J. Acad. Indus. Res. 1 (7): 363-370
Norris, T.B., T.R. Mc Dermott and R.W. Castenholz, 2002. The long term effects of UV exclusion on the
microbial composition and photosynthetic competence of bacteria in hot-spring microbial mats. Appl. Environ.
Microbiol. 66: 2835-2841
Roy, S., M. Debnath and S. Ray, 2014. Cyanobacterial flora of the geothermal spring at Panifala, West Bengal,
India. Phykos 44 (1): 1-8
Roy, S., S. Bhattacharya, M. Debnath and S. Ray, 2015. Diversity of cyanobacterial flora of Bakreswar
geothermal spring, West Bengal, India-II. Algol. Stud. 147: 29-44
Sompong, U., P.R. Hawkins, C. Besley and Y. Peerapornpisal, 2005. The distribution of cyanobacteria across
physical and chemical gradients in hot springs in northern Thailand. FEMS Microbiol. Ecol. 52: 365-376
Taton, A., S. Grubisic and D. Ertz, 2006. Polyphasic study of Antarctic cyanobacterial strains. J. Phycol. 42:
1257-1270
Ter Braak, C.J.F. 1986. Canonical correspondence analysis: A new eigen vector technique for multivariate direct
gradient analysis. Ecology, 67: 1167–1179.
Thomas, J. and E.A. Gonzalves, 1965. Thermal algae of Western India: VII. Algae of the hot springs at Rajapur.
Hydrobiologia 26: 66-71
Trivedy, R.K. and P.K. Goel, 1984. Chemical and Biological Methods for Water Pollution Studies. Environmental
Publications, Karad, pp. 46-48
Vasistha, P.C., 1968. Thermal cyanophyceae of India – 1. Phykos 7: 198-241
Ward, D.M. and R.W. Castenholz, 2002. Cyanobacteria in geothermal habitats. In: The Ecology of Cyanobacteria
Ed. Whitton, B.A. and M. Potts Kluwer Acdemic Publishers, Dordrecht, pp 37-59

39

