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While the major Indian river systems are
grossly polluted, the Himalayan rivers are at
present in a pristine state (Singh et al. 1994).
With large number of multipurpose river valley
projects proposed on many of these rivers, consequent urbanization, organic load generated from
human habitation and the pressures of tourism
are bound to stress the riverine environment.
Sufficient data base needs to be generated so that
the quality of river water can be maintained and
water as a precious commodity can be managed.
The present study is one such attempt to understand the nature of biological communities in a
pristine Himalayan river, the Alaknanda, a parent tributary of the Ganga river system. The river has glacier at its source and hence its water
remains cold (<20oC).
In uplands, the diatoms account for 70-90% of
phytobenthos in the river Ganga and its tributaries (Negi 1993; Nautiyal 1996). In the torrential
fast-flowing rivers diatoms colonise all the available substrata and are used as the biological indicators of water quality (Eloranta 1994; Fukushima et
al. 1994; Lobo et al. 1995). Various aspects of their
community structure have been used for such studies, indices being just one of them. However, information on these aspects are not available for
the Himalayan rivers in the Garhwal region, especially the Alaknanda. This study was conducted
with a view to generate information on the species
richness and diversity of epilithic diatom commun-

ities occurring on the stone and rock substrates.
The similarity of epilithic communities on these
substrates was also assessed.
For the collection of diatom samples at regular monthly intervals a sampling site was selected on the left bank of the river Alaknanda, at
Srinagar Garhwal (altitude 500 m; latitude
30o10– 15 N, longitude 78 o45– 50 E ). The site
located on the outskirts of the town had a clifflike topography and on the left bank rocks were
the only substratum available for colonization.
Few large or small stones (boulders >256 mm)
with prismatic (sharp) edges were also present.
The river was deep along the banks. Epilithic
diatoms were sampled at regular monthly intervals from September 1991 to May 1992. Sampling was not undertaken from June to August
as the substrate becomes inaccessible due to
flooding. The sampling was restricted to shallow
waters (<1 foot). The epilithic samples were obtained by scraping an area of 6 cm 2 from the
stone and rock surfaces. Two replicates of samples were taken from each substrate and integrated before further analysis. The volume of
the sample varied from 3-5 ml. The samples
were then processed in the laboratory according
to B ru n ’s m eth od (S a rod e & K a m a t 1 9 8 4 ). After
preparing the permanent mounts in Canada balsam of the sampled diatoms, the slides were examined under the phase-contrast microscope at x
1500.
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The following indices were computed:
1. Species richness index - d' (Margalef 1957)
d' = S-1/loge N
where S is the number of species and N, the number of individuals.
2. Species diversity index-H (Shannon & Weaver
1960)
H = - pi log pi
where pi is ni/N, ni being the number of individuals of one species and N the total number of organisms.
For computing the value of ni 300-400 diatom
cells were identified and counted in the successive
fields and recorded as density (cells mm -2). The
density thus computed was verified by making
Sedgewick-Rafter cell counts for total diatom density according to Trivedy & Goel (1985). The similarity index was computed according to Sorensen
(1948):
SIMI = 2C/A+B
where A and B are the number of taxa found on
each substrate and C is the number of taxa common to A and B. A t-test was performed to assess
significance of differences in these indices on both
the substrates (Sokal & Rohlf 1973).
Among the two substrates under observation
for the epilithic community, the stone harboured
132 taxa as compared with 86 taxa found on the
rock substrate. The diatom community on both
the substrates was represented by 173 taxa.
Among the various diatom genera the highest
number of taxa belonged to Navicula on both the
substrates (stones-27; rocks-24). Nizschia with 20
taxa ranked second to Navicula on stony substrate. Gomphonema and Achnanthes were found
to be represented by 19 taxa each while Cymbella
with 17 and Synedra with 15 taxa on the stone
substrate. The diatom community on the rocks
exhibited a slightly different pattern. Cymbella
and Nitzschia with 17 taxa ranked 2 nd while
Gomphonema and Synedra were represented by
15 and 10 taxa each. Studies on the Shannon
species diversity index (H) and Margalef index
(d') revealed that the H ranged from 1.86-2.72
while d' from 1.89-9.3 in case of the stone substrate and 1.17-2.97 and 2.68-8.65, respectively in
case of the rock substrate (Table 1). Generally
the peak for both indices in these communities
occurred during March or April and the fall during September/November. It was found that

90.78% of the taxa (79 out of 86) found on the
rocks were present on the stones also. However,
some taxa were specific to rocks only. The coefficient of similarity between these substrates was
computed to be 0.696.
The study on epilithic diatom communities
occurring on the stones and rock substrates revealed higher number of taxa on the former (132)
as compared with the later (86). While Navicula
was the dominant genus by virtue of highest
number of species on both the substrates, Nizschia with 20 taxa and Achnanthes alongwith
Gomphonema with 19 spp on the stone substrate,
were ranked second and third, respectively. On
the rock substrate Cymbella and Nitzschia were
next to Navicula and the species of Achnanthes
were very few. On comparing the diatom taxa
found on these substrates it was found that
90.78% of the taxa found on the rocks were found
on the stones also. Thus all epilithic taxa occurring on the rocks colonise the stones also. Yet
some taxa were specific to stones only. The coefficient of similarity (0.696) seemed to support this
observation. The species richness as indicated by
the Margalef index showed relatively more fluctuations on the stony substrate (1.89-9.3) as compared with the rock substrate (2.68-8.65). Lesser
fluctuations on the rock substrate indicated
greater stability of the community owing to fewer
environmental extremes as also stated by Squires
& Saoud (1986). Since the species richness did
not differ statistically, there was not much differTable 1. Monthly variations in Margalef species
richness and Shannon species diversity
index for the epilithic diatom community
on the stone and rock substrates.
Months

Species richness

Species diversity index

Stone

Rock

Stone

Rock

September

1.89

5.14

2.03

2.16

October

8.09

5.37

2.44

2.97

November

7.37

6.49

2.56

1.38

December

7.76

3.23

2.65

1.17

January

5.38

3.89

2.23

1.12

February

9.30

5.07

2.21

1.57

March

8.75

7.57

2.72

1.24

April

7.37

8.65

2.59

2.71

May

3.13

2.68

1.86

2.13
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ence among the two substrates. However, there
was significant difference (P<0.1) in species diversity among the two substrates. The species
diversity of the epilithic community occurring on
the stones was relatively higher (1.86-2.72) than
for the community occurring on rocks (1.17-2.97).
These values if compared with other studies suggest relatively lesser richness and diversity (H).
Species diversity ranging from 1.0-3.2 (Squires &
Sinnu 1984) and 0.65-3.57 (Squires & Saoud
1986) in the upstream areas of the Damour appear to be relatively higher.
On the basis of these and other studies it can
be safely concluded that the epilithic diatom
communities on stone and rock substrate were
diverse. The stony substrate seems to harbour
diverse diatom community, because its almost
round surface which is submerged in water from
all directions provides larger area for colonization. The rocks on the other hand provide only
the upper surface as they are an integral part of
the mountain morphometry constituting the left
bank at the sampling station. The stones thus
appear to be a preferred substrate as compared
with rocks.
The species richness and diversity index also
indicate pristine nature of the river Alaknanda.
According to Wilhm & Dorris (1966), a relationship
exists between H and pollution status of sampling
sites; >3 – clean water, 1-3 moderately polluted, <1
heavily polluted. Staub et al. (1970) proposed a
different scale of pollution in terms of species diversity index, which is a modified one and states
negative correlation between H and pollution; 34.5 slight, 2-3 light, 1-2 moderate, 0-1 heavy pollution.
If this scale is taken into consideration then
the index might indicate moderate to light pollution in the river Alaknanda. However, such scales
do not seem to have wide applicability (Eloranta
1994). The environmental variables including the
nature of substrate seem to play an important role
in determining the species richness and diversity
in a river.

Acknowledgements
One of us (Rachna Nautiyal) is thankful to
the CSIR for providing financial assistance under Senior Research Fellowship Scheme. Dr.
Prakash Nautiyal acknowledges the academic
support and laboratory facilities provided by

257

Prof. Asha Saklani, Head, Zoology Department,
H.N.B. Garhwal University, Srinagar and financial assistance provided by the GBPHIED, KosiKatarmal, Almora.

References
Eloranta, P. 1994. Type and quality of river water in
Central Finland described using diatom indices. pp.
271-280. In: D. Marino & M. Montresor (eds.) Proceedings 13th International Diatom Symposium. Italy, Biopress Limited, Bristol.
Fukushima, S., Y. Koichi & H. Fukushima. 1994. Effect
of self purification on periphytic algal communities
in lotic systems. (Proceedings of the International
Association for Theoretical and Applied Limnology
Congress in Barcelona, 1992) Verh. Internat. Verein
Limnol 25: 1966-1970.
Lobo, E., K. Katoh & Y. Aruga. 1995. Response of epilithic ciatom assemblages to water pollution in rivers in the Tokyo metropolitan area, Japan. Freshwater Biology 34: 191-204.
Margalef, R. 1957. La Teria de la informacion en las
communidades de organisms. Investigacion pesq. 3:
99-100.
Nautiyal, P. 1996. River Valley Projects in the Garhwal
Region, Impact on the Population Dynamics of Endangered Himalayan Mahseer with Emphasis on
Bioconservation. Final Technical Report (no J-11013
/8/92-GPD; 24.9.92) to Ganga Project Directorate,
Ministry of Environment & Forests, New Delhi.
Negi, M. 1993. Phytobenthos of the hillstream Alaknanda of Garhwal Himalaya. pp. 139-144. In: H.R.
Singh (ed.) Advances in Limnology. Narendra Publishing House, Delhi.
Sarode, P.T. & N.D. Kamat. 1984. Freshwater Diatoms
of Maharashtra. Saikripa Prakashan, Aurangabad.
Shannon, C.E. & W. Weaver. 1963. The Mathematical
Theory of Communication. Urbana University of Illinois Press.
Singh, H.R., P. Nautiyal, A.K. Dobriyal, R.C. Pokhriyal,
M. Negi, V. Baduni, R. Nautiyal, N.K. Aggarwal,
Preeti Nautiyal & A. Gautam. 1994. Water quality
of river Ganga (Garhwal Himalaya). Acta Hydrobiologica. 36: 3-15.
Sokal, R.R. & F.J. Rohlf. 1973. Introduction to Biostatistics. W.H. Freeman Company, San Francisco, Toppan Company Limited, Tokyo.
Sorensen, T. 1948. A method of establishing groups of
equal amplitude in plant sociology based on similarity of species content and its application to analysis
of the vegetation on Danish commons. K. Dan. Vid.
Selsk, Biol. Skr. 5: 1-34.

258

DIVERSITY OF COLDWATER EPILITHIC DIATOMS

Squires, L.E. & N.S. Saoud. 1986. Effects of water quality
and season on diatom community structure in the
Damour river, Lebanon. Hydrobiologia 133: 127-141.
Squires, L.E. & N.A. Sinnu. 1984. Seasonal changes in
diatom flora in the estuary of the Damour river,
Lebanon. pp. 359-372. In: D.G. Mann (ed.) International Diatom Symposium 1982, Philadelphia, Otto
Koeltz Koenigstein, Germany.
Staub, R., J.W. Appling, A.M. Hofsteiler & I.J. Hass.
1970. The effect of industrial wastes of Memphis

and Shelby county on primary plankton producers.
Bioscience 20: 905-912.
Trivedy, R.K. & P.K. Goel. 1984. Chemical and Biological Methods for Water Pollution Studies. Environmental Publications, Karad (India).
Wilhm, J.L. & T.C. Dorris. 1966. Species diversity of the
benthic macroinvertebrates in a stream receiving
domestic and oil refinery effluent. American Midland Naturalist 76: 427-449.

