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Abstract: The present contribution encompasses on plankton and biological productivity as ecological indicator for
identifying the ecological quality of Sahastradhara stream (between 27 km stream stretches), located in the Doon
Valley of Garhwal region in India. Monthly sampling from all the sampling sites was made for a period of 12 months
(May 2009 — April 2010) at 9:00-11: 00 AM. A total of 40 taxa from different classes of plankton and zooplankton were
reported. The phytoplankton (32 sp.) was found being the most abundant taxa than zooplankton (9 sp.) in
Sahastradhara stream. Fluctuation in the phytoplankton density was recorded highest (1536 unit/l) during winter
and lowest (20 unit/l) during monsoon. Zooplanktons were reported to be maximum (147 unit/l) during summer and
minimum (3 unit/l) during monsoon. The total diatoms were reported highest (1022unit/l) during starting the winter
and lowest (4 unit/l) during monsoon. Green algae and blue green algae were reported to be maximum during
winter and minimum during summer. The Shannon-wiener diversity index calculated for the density of
Bacillariophyceae (0.2180-0.366), Chlorophyceae (0.208-0.367) and Cyanophyceae (0.391-0.366) and correlation
was made between Plankton biomass and physico-chemical parameters to analyses the relative features of the
both variables. The density of plankton and biological productivity were influenced by disturbances in the photic
zone and indiscriminate anthropogenic activities for tourist development resulted aquatic habitat degradation in
stream ecosystem.

Keywords: Biological productivity, Ecological indicator, Habitat degradation, Plankton.

INTRODUCTION

Biological assessment is a significant alternative for
assessing the ecological quality of aquatic ecosystems
since biological communities integrate the environmental
effects of water chemistry of rivers and hill streams
(Stevenson and Pan, 1999). Plankton encountered in the
water body reflects existed ecological characteristics and
therefore, plankton organisms may be used as indicators
of water quality (Bhatt et al., 1999; Saha etal., 2000). In
hill streams, a great variation in the composition of
plankton occurred not only in different regions on
different depths but also at different periodically time
scales and seasons. The majorities of phytoplankton are
non-motile and very sensitive to change in the
environmental conditions due to water turbulence along
with other ecological factors in upper water masses and
contributed alteration in existed aquatic habitat. The
conditions that lead to maxima and minima, as well as to
minor fluctuations in abundance of phytoplankton are
complex in their physical, chemical and biological
characteristics. A considerable amount of research work
has been done in different fresh water bodies in relation
to phytoplankton (Calijuri et al., 2002 and Angadi et al.,
2005). The several qualitative observations and reports
are available on both lotic and lentic aquatic ecosystems,

especially in Garhwal region of Himalaya. Such ecological
studies have been initiated recently in the Himalayan
streams, which have global importance to biological
productivity in relation to biodiversity (Nautiyal 1986;
Dobriyal and Singh 1989; Ormerod et al., 1997; Pathani
and Mahar 2006; Bhutiani and Khanna 2007). The present
study was conducted to examine the interaction of
plankton community and water quality in a hill stream
(Sahastradhara) influenced due to many anthropogenic
activities and municipal wastes dumped into its stream
channels at different sites..

MATERIALS AND METHODS

The present study was conducted on the famous sulphur
stream ‘Sahastradhara’ at Dehradun during 2009 - 10.
Geographically, Garhwal has almost central position in
the long Himalayan sweep, it is the most important part
of lesser Himalaya, which lies between latitudes 29°26°
to 31°28’N and longitude 77°49’ to 80°06°. The samples
were collected from five different sites at stretches of
about 27 km area from the surface water samples to
analyzed plankton biomass and phytoplankton species
composition. Plankton samples (phytoplankton and
zooplankton) collected monthly from May 2009 to April
2010. Regular monthly samples were undertaken between
9:00 - 11:00 AM from each site throughout the study
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period. Ten liters of water from each sites were filtered
through plankton net (Mesh size No. 20) to get the
plankton and preserved immediately in 100 ml. plastic
bottle by using 4% formalin.

Preserved algal samples were scanned under microscope,
measured by micrometer and identified. Phytoplankton
species composition was examined from preserved water
sample in acid Lugol’s solution. Units greater than 1 um
in diameters (depending on the species) were identified
to genus level by electron microscope (Model no. CH
20i, Olympus). Algal taxa were identified by the keys
mentioned as Edmondson (1992). Different algal groups
counted separately by using Sedgwick-rafter cell.
Statistical mean and standard deviation (S.D.) were
calculated using standard software packages (Microsoft-
Excel). Diversity index Shannon - Weaver (1949) and
correlation coefficient were also calculated. Shannon
Weaver diversity index (H’) was calculated using the
following formula:

Shanon - Weaver index (H) = S :I—'In :I—'

Where, H = Shannon -Weaver index of diversity; ni =
total numbers of individuals of species, N = total number
of individual of all species.

RESULTS

Hill streams are generally the important source of natural
water and provide a life support ecosystem for existed
biodiversity in aquatic ecosystem. The process of
economic growth and development, virtually have inverse
relationships with hill stream resources and quality of
aquatic environment. Generally, plankton are
heterogeneous minute organism occurred in natural water
and float on the wave action and movement of water.
The present study focused on the fluctuation in
planktonic biomass with the productivity pattern and
correlation with water quality characteristics that
indicated direct relation of particular variable for the
growth of existing biomass of planktons in the stream
ecosystem. Algal flora, periodical abundance and
dominance of phytoplankton of Sahastradhara stream
have been presented in Tables 1 to 6. The study of
plankton has shown the presence of 32 taxa of 4 different
classes and 9 taxa were recorded as zooplankton from
different sampling sites (Table 5 and 6). Planktonic
biomass was recorded maximum during the months of
February and March and minimum in the months of June
September at all sites. Overall planktonic biomass
observed higher at sampling station S, and lower at S,
followed by S, S, and S,. Seasonal density of
phytoplankton in the Sahastradhara stream has shown
in Table 5. The stream comprises the maximum density of
phytoplankton during winter (1529 unit/l) when turbidity
and velocity of water were low in their volume and the

minimum value of phytoplankton (20 units/lI) was
recorded during monsoon months due to high turbidity
and high water velocity of stream.

Atsite S, (Karligarh), the total planktonic concentration
was recorded as phytoplankton (75-1536 unit/l),
zooplanktons (25- 97 unit/l), total diatoms (28 - 1022
unit/l), green algae (98 - 237 unit/l) and blue green algae
(26 - 110 unit/l) and gross productivity was reported
highest (0.998 + 0.03 mg/l) during April month and lowest
(0.343 £ 0.03 mg/l) during June. The primary productivity
of stream controlled by several inhabiting ecology of
water bodies and considered as direct manifestation of
the productivity. In this regards, the biological
productivity and net production efficiency were observed
37.24 and 45.69 % during September and April
respectively. A irregular ecological change was reported
in plankton and productivity pattern at site S, (tourist
spot) therefore, phytoplankton reported as 25 - 1408 unit/
I, zooplanktons as 3 - 148 unit/l, total diatoms ranged as
310 - 987 unit/l, green algae as 102 - 238 unit/l and blue
green algae ranged as 21 - 87 unit/l (Table 1). The gross
productivity was reported as 0.318 to 1.159 mg/l and net
production efficiency (%) was reported in the ranged of
18.03 to 66.67%, which recorded lowest in comparisons
to other sites (Table 2).

The minimum values of planktonic biomass affected
mainly due to anthropogenic activities like bathing,
washing and canalization of stream water to make small
ponds to attract the tourists for bathing activities and
construction of hotel near by bank of stream creating
imbalance in low flow water velocity current. A sudden
change was reported in total plankton concentration from
site S, to downstream site S_ (11 — 1501 unit/l), gross
productivity and net production efficiency % was ranged
as 0.358 - 0.953 mg/l and 37.09 -58.16 (%) respectively
(Table 2).

An inverse relationship was found between physico-
chemical parameters and planktonic biomass.
Phytoplankton showed the negative correlation with
temperature  (-0.8), pH (-0.85), alkalinity (-0.89), CO, (-
0.04), BOD (-0.92), calcium (-0.99), magnesium (-0.72),
sodium (-0.95), potassium (-0.92) and chloride (-0.95).
However, a positive relationship was found with velocity
(0.01) and DO (0.97) which indicated that planktonic
growth depend on DO and well sustain water flow. Other
hand, zooplanktons showed inverse correlation with DO
(- 0.83) and positive relationship with temperature (r=0.51),
velocity(r=0.38), pH(r=0.98), alkalinity(r=0.36),
CO,(r=0.99), BOD(r=0.97), Ca(r=0.91), Mg(=0.99),
Na(r=0.99), K (r=0.99) andCl.

Further, the planktonic community consists of the
members of Chlorophyceae (12 sp.), Bacillariophyceae
(11 sp.), Cyanophyceae (7 sp.) and Euglenophyceae (2
sp.) and zooplanktons comprised protozoa (4 sp.), rotifers
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Table 3. Pearson’s correlation between Plankton and physico-chemical parameters of Sahastradhara stream.

Potassium  Chloride

Calcium Magnesium  Sodium

pH Alkalinity  CO, DO BOD

Velocity

Temperature

Parameters

-0.67 -0.93 -0.89 -0.93

-0.99

0.98 -0.89

-0.82 -0.86 0.02

0.01

-0.80

Total Plankton
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-0.72 -0.95 -0.92 -0.95

-0.99

0.97 -0.92

-0.85 -0.89 -0.04

0.01

-0.8

Phytoplankton

0.99 0.99

0.91 0.99

0.97

0.99

-0.83

0.98 0.99 0.36

0.38

5

Zooplankton

0.99 0.91 0.94 0.91

0.79

0.95

-0.56

0.98 0.97 0.69

0.71

0.13

Total Diatom

0.94 0.97 0.94

0.99

0.84

0.97

-0.62

0.99 0.98 0.63

0.64

0.22

fe

Green algae

0.95 0.97 0.95

0.99

0.86

0.98

-0.64

0.99 0.99 0.61

0.63

0.24

o

Blue green Algae

(2 sp.), cladocera (2 sp.) and copepoda (1 sp.) (Table 5
and 6) were identified from all five different sampling
stations and their density was showed low trend during
the rainy season due to high current speed creating wash
out effect. The occurrence of Bacillariophyceae were
observed dominant group during winter. Fragillaria,
Gomphonema, Nitzschia, Navicula, Diatoms and
Cymbella species were recorded dominating sp. during
winter at each site. Chlorophyceae, occurred maximum
during winter and minimum in monsoon. Zygnema were
recorded as dominating species followed by Ulothrix,
Spirogyra, Cholorella, Clodophora Volvox, and
Closterium species. Spirulina and Aphanizomenon
species were observed as dominating species as
Cyanophyceae. Anabena Nostoc and Nadularia species
were found common during summer and monsoon
respectively. Euglena was reported absent during
monsoon but showed maximum density during winter
and summer (Table 5).

The Shannon diversity of stream for different sites were
calculated as Bacillariophyceae (0.218 - 0.366),
Chlorophyceae (0.208 - 0.367) and Cyanophyceae (0.291
- 0.366) respectively, indicated the quite correlation-ship
with overall species richness across the sites and may
be required to best management by the biodiversity
conservation managers for conservation and habitat
restoration.

Among phytoplankton diversity, Bacillariophyceae
showed the minimum diversity index value (0.218) at site
S, due to the anthropogenic activities, canalization and
fragmentation of stream way, which provided different
aquatic barriers into the flow of the water and maximum
diversity (0.366), was reported at site S, due to no
irregularity in stream flow and less human interference.
The Chlorophyceae showed the diversity index (0.208)
at site S, and maximum (0.367) at site S,. Cyanophyceae
presented minimum value of diversity index (0.291) at
site S, that may be due to less photic zone and less depth
of water, stagnant flow and maximum value of diversity
index (0.366) at site S, which may be due to the presences
of rich habitat niche, less human interferences, medium
flow of water and high DO level (Table 4).

DISCUSSION

Plankton are very sensitive to change as their species
replacement with the altering of environmental conditions
in aquatic ecosystem and exhibited the present status of
ecological and biological characteristics of aquatic
ecosystem specially in hill streams.

The present study indicated that the overall occurrence
of phytoplankton density was maximum (1445 unit/l +
56.6) in winter and minimum (20 unit/l £2.1) in monsoon
months due to the blanketing effect caused by the velocity
in Sahastradhara Hill stream. It has been monitored during



D. S. Malik and Umesh Bharti / J. Appl. & Nat. Sci. 4 (1): 96-103 (2012) 101

Table 4. Shannon - Weaver diversity index (mean value) of phytoplankton at different sampling sites in Sahastradhara stream.

Parameters/Sites S Ss Ss Ss

Bacillariophyceae 0.366 0.218 0.299 0.333 0.317
Chlorophyceae 0.367 0.208 0.283 0.316 0.335
Cyanophyceae 0.366 0.316 0.315 0.332 0.291

Table 5. Diversity and seasonal abundance of phytoplankton
dwelling in Sahastradhara stream during 2009-10.

Table 6. Diversity and seasonal abundance of zooplankton in
Sahastradhara stream 2009-10

Taxon Summer Monsoon  Winter Taxon Summer  Monsoon Winter
Chlorophyceae Protozoan
Closterium spp. ++ + + Arcella sp. + + +
Cladophora ++ - ++ Paramecium sp. ++ - +
Chlorella ++ + ++ Bursaria sp. ++ + +
Draparnaldia + - i Vort_lcella ++ - +
Hydrodictyon ++ + - Rotifera

- Brachionus ++ - +
Microspora + - ++ .

. Trichoceraca + - ++

Oedogonium ++ - + Cladocera
Spirogyra ++ - ++ Daphnia — ) )
Tetraspora - - ++ Basmina i . —+
Ulothrix ++ - ++ Copepoda
Zygnema - - +++ Cyclops F++ - +
VOIV_OX . o i i Note: +++ Abundant; ++ Rare; + Common; - Absent.
Bacillariophyceae .
Achnanthes devei + + + Colorada rivers. In the present study, phyto!olankton was
A. bisoletiana + i ++ found to dominat over zooplankton. Bhowmick and Singh
Cymbella affinis + . ot (19_85) observed me%x_lmum.densny of phytoplankton
Cocconies spp. . ) . during summer and minimumin monsoon months. Sharma
Cyclotella ) ) . et al. _(2007) reported the ﬂuctgathn in phﬁoplankton

) diversity due to seasonal alteration in physico-chemical
Diatoms - - AN characteristics of surface water in the hill stream,
Fragillaria pinnata - i T Chandrabhaga of Garhwal Himalaya.
Gomphonema longiceps - * A As the planktons in the hill streams varied in their density
Nitzschia spp. + - +t as the seasonal variation occurred, the results indicated
Synedra rumpens - - ++ that the plankton were maximum in winter months probably
Navicula spp. + - +H+ due to low temperature, high amount of dissolved oxygen
Cyanophyceae and low velocity. The maximum density of phytoplankton
Aphanizomenon ++ + +++ during winter months have also been recorded by
Anabena spp. + - Chakraborty etal. (1959) and Pahwa and Mehrotra (1966)
Nostoc spp. ++ + + in river Jamuna and Ganga. The Biological productivity
Nodularia ¥ . i+ of stream controlled by several inhabiting ecology of
Oscillatoria spp. +4+ ++ - water bodies and considered as direct manifestation of
Spirulina ++ + +++ the productivity. In this regards, the biological
Rivularia spp. ++ + - productivity and net production efficiency calculated
Euglenophyceae 37.24 and 45.69 % during winter and summer months
Euglena + - ++ respectively. Such trend of concerning data of
Peridium ++ + ++ productivity was reported as plankton density (maximum

Note: +++ Abundant; ++ Rare; + Common; - Absent.

the study time that water current remains above the
moderate speed in usually directly inhibitory to plankton
development. The abundance, quality of life and species
richness are influenced by current velocity as stated by
Crayton and Sommerfields (1979) in the tributaries of

in winter and minimum in summer and monsoon). In the
present study, biological productivity was recorded
higher range at upper stream and deep downstream.
Minimum productivity pattern was observed at site S,
that may be due to the anthropogenic activities and
bathing activities along the stream belt. Maximum human
interference was recorded as solid waste dumping,
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bathing and washing, hotel construction at this site.
Khanna and Singh (2000) discussed the different aspects
of planktonic diversity in Suswa river at Raiwala,
Dehradun and stated that plankton biomass generally
reported maximum during winter seasons, probably due
to low temperature, high content of dissolved oxygen,
low flow velocity and transparency of water. Pande and
Mishra (2000) described the relationship in between the
quality of surface water and biological productivity of
shastradhara stream.

The physico-chemical characteristics of hill stream have
significantly contributed to alter the magnitude of
biological dynamics and showed interrelationship either
positive or negative in existed ecosystem. The present
co-relation coefficient showed the inverse relationship
between phytoplankton and temperature, pH, alkalinity,
CO,, BOD, Ca, Mg, sodium, potassium and chloride but
showed the positive relationship with velocity and DO
that indicated that plankton’s growth depend on DO and
the flow characteristic of running water. Similar findings
supported to the surveyed work by Lakshminarayan and
Someshekar (2001). Yeragi and Shaikh (2003) showed a
good predication of correlation pattern between DO and
production efficiency in Tansa river.

Shannon- Weaver index has been given a significant role
as abundance of Chlorophyceae, Bacillariophyceae and
Cyanophyceae at different sampling sites. Index showed
maximum value (0.367) of Chlorophyceae at site S, that
may be the result of less human interference, followed
by Bacillariophyceae and Cyanophyceae (0.366). The
study indicated the quite correlation-ship with overall
species richness across the sites and may be required to
best managed by the biodiversity conservation managers
for conservation and habitat restoration. Sharma et al.,
(2004) also found such kind of relation in aquatic
organisms at Dhauli Ganga.

Rout and Gaur (1994) reported the Shannon diversity index
as greater (1.6 - 4.1) in Shillong stream at Assam and higher
indexing (2.6 - 4.1) was reported at Alps stream from upper
parts of Himalaya by Cantonati et al. (2001). The present
Shannon-Weaver diversity index showed the variability
of water quality at all five different sites in Sahastradhara
stream under the marginal pollution category.

The present study revealed that Sahastradhara hill-stream
ecosystem carried high biological productivity in terms
of better population density of different biotic
communities including plankon, nekton, benthos and
endemic fresh water fishes. Thus, the hill stream should
be developed under protected area net work by
conserving its biodiversity in protecting aquatic natural
habitats of Doon valley in Garhwal Himalayan region.
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